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Preface
Head and neck cancer is a devastating illness affecting individuals around the globe.
The number of new cases of head and neck cancer in the US each year exceeds 40,000
individuals and accounts for about 3-5% of adult malignancies. In excess of 10,000
individuals will die of their disease each year. The worldwide incidence exceeds half a
million cases annually. In North America and Europe, the tumors usually arise in the
oral cavity, oropharynx, or larynx, whereas nasopharyngeal cancers the more common
in the Mediterranean countries and in the Far East. In Southeast China and Taiwan,
head and neck cancer, specifically nasopharyngeal cancer is the most common cause of
death in young man.
Head and neck cancer requires a multidisciplinary approach and a clear
understanding of human anatomy. Establishing a better understanding of the
pathogenesis behind the development of head and neck cancer will provide insight
into future therapies for this disease. While the treatment of head and neck cancer is
highly complicated, including chemotherapy, targeted therapy, radiation therapy, and
surgery, the complications and longer term effects of treatment can also be
devastating.
The purpose of this Head and Neck Cancer book is to highlight work currently being
done to give physicians, patients, scientists and researchers and better understanding
of this disease. Sections will look to educate about Squamous Cell Carcinoma
worldwide, elucidate new targets and biological aspects of the disease and then focus
on the existing and novel therapeutics available to these patients.
While most clinical trials and review articles stop at this point in the explanation and
evaluation of head and neck cancer, this book looks to move beyond treatment and
focus the second half on survivorship issues and aspects that can be utilized to
improve long term quality of life. Chapters will focus on post treatment side effects,
prostheses and reconstruction as well as health outcomes research for patients with
Head and Neck Cancers.
For those of us that dedicate our lives to the treatment of Head and Neck Cancers, it is
a passion, and a true desire to help patients overcome their devastating disease with

X
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the least amount of long-term impact, on their lives. I trust that this book will be of
value to the reader and help to provide further understanding to this difficult disease.
Mark Agulnik, MD
Division of Hematology/Oncology
Robert H. Lurie Comprehensive Cancer Center
Northwestern University Feinberg School of Medicine
USA

Part 1
Squamous Cell Carcinoma
of the Head and Neck

1
Laryngeal Cancers in
Sub-Saharan Africa
Mala Bukar Sandabe,
Hamman Garandawa and Abdullahi Isa

Department of ENT University of Maiduguri
Teaching Hospital
Nigeria

1. Introduction
Laryngeal cancers are not common1. Squamous cell carcinomas of the larynx are the
commonest head and neck tumour in the western world. It represents approximately 1% of
all malignancy in males 1. It’s about five times common in men than in women. The cause is
unknown but tobacco smoking and alcohol acting synergistically increases the risk,
radiation, asbestos and a number of occupational factors are implicated. Patients usually
present with progressive hoarseness and difficulty in breathing, pain is an uncommon
symptom whereas dysphagia, neck swelling, cachexia and fetor indicate advance disease.
All patients in our series are black Africans and unfortunately they presents late. The cancer
is confirmed by biopsy of the tumour through direct laryngoscopy under general
anaesthesia. And tentative treatment depends on the stage of the tumour.

2. Research methodology
This would be 10 years retrospective studies of black African patients with laryngeal
carcinomas carried out in University of Maiduguri Teaching Hospital Maiduguri, Federal
Medical Centre Nguru, Federal Medical Centre, Yola. These hospitals are located in the
North Eastern region of Nigeria, Sub-Saharan Africa. These centers also receive patients
from neighboring countries of Niger, Chad and Cameroon. Clinical records of all patients
with histologically confirmed laryngeal carcinoma from January 2001 – December 2010 were
reviewed, data extracted from the records includes biodata, presenting complaints (the main
complaints for which the patient sought medical advice), and associated complaints
(complaints regarded as unimportant by the patient), duration of presenting complaints,
duration of symptoms on first presentation, Social habit, physical examination findings, Xray of soft tissue neck, CT-Scan/MRI of the Larynx findings, the site of the lesion in the
larynx, histopathological types, treatment offered and symptom free period after treatment
(last entry in the case note) . Data was analyzed using Statistical Package for Social Sciences
(SPSS) – version 15 software. Descriptive analysis done for all data; Chi square test, and
correlation studies were applied where appropriate. Results was presented in tables and
graphs. P – Value < 0.05 was considered significant.
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3. Literature review
Grossly the larynx extends from the superior border of the epiglottis to the inferior border of
the cricoid cartilage. Anteriorly, it is related to the lingual epiglottis, the thyrohyoid
membrane, the anterior commissure, thyroid cartilage, cricothyroid membrane and the
anterior arch of the cricoid cartilage. The posterior relations are the posterior commissure
the arytenoids, and the interarytenoid Space. 1. Squamous cell carcinoma of the larynx is the
commonest head and neck cancer in the Western world. In the UK it represents
approximately 1% of all malignancies in men. (Powell and Robin, 1983). It is about five times
commoner in males than in females. The incidence increases with age, but the peak age of
presentation is in the seventh decade. The cause of cancer of the larynx is not known, but
there is an indisputable relationship between tobacco smoking and alcohol consumption,
(US surgeon general, 1979; Hinds, Thomas and O’Reilly, 1979). Verrucous carcinoma is a
distinct variant of well differentiated Squamous cell carcinoma. (Ackerman’s tumour). Other
malignant tumour types include adenocarcinoma, adenoid cystic carcinoma, fibrosarcoma,
Chondrosarcoma and lymphomas. Spread and growth depends on the site of origin of the
primary tumour. Anatomical barriers are important factors in determining the direction and
extend of tumour growth.
1.

2.

3.

Supraglottis. This comprises the larynx superior to the apex of the ventricle. Exophytic
supraglottic cancers do not often extends to the glottic region and seldom involve the
thyroid cartilage, Ulcerative lesions may extend down below the anterior commissure,
Cranially supraglottic cancers extend to the vallecular and base of the tonque,
arytenoids cartilage and pyriform sinus is reach by deep invasion.1,2.
Glottis. This comprises the vocal cords and the anterior and posterior commissures. Most
of the tumours originates in the free margins of the vocal cords which are covered by
squamous epithelium. Tumour may extend along the cord to the anterior commissure and
to the muscles of the vocal cord. Fixation of the vocal cords indicate deep invasion
Subglottis. This extends from the inferior border of the glottis to the lower border of the
cricoids cartilage, tumours are rare, grow circumferentially, usually extensive before
symptoms appear which is mainly inspiratory sridor.1,2.

4. Clinical features
Hoarseness is the main symptoms; 1, 2, 3. Dyspnoea and stridor are late symptoms and
usually indicate an advanced tumour. Pain in the throat is an uncommon symptom.
Dysphagia indicates pharyngeal invasion Neck swelling indicate extra laryngeal extension
or lymph nodes involvement. Symptoms of anorexia, cachexia and fetor imply advanced
disease. Indirect laryngoscopy should reveal the site and size of the lesions however because
of difficulty in examining the subglottic and the laryngeal surface of the epiglottis. Flexible
Fibre optic laryngoscopy helps in visualizing all part of the larynx. The neck should be
palpated for the presence of enlarged lymph nodes. Laryngeal tumours usually metastasize
to the upper deep cervical lymph nodes, but supraglottic tumours may cause bilateral
nodes, and some subglottic tumours may spread to the upper mediastinal nodes.
Palpable lymph nodes are important in determining prognosis, about one-third of patients
with no palpable lymph nodes have histologically positive nodes, and a similar number of
palpable nodes are histologically negative.
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5. Investigations of patients with laryngeal cancer
The main stay of investigation in our center was radiography. Plain X-rays soft tissue neck
was done by the entire patient studied. Although plain X-rays soft tissue neck has no role in
the current management of patients with carcinoma of the larynx, prevertebral soft tissue
thickness, the epiglottis can be visualized; it is also affordable in the developing countries.
Cost about 8USD. Computerized tomography scan(CT-Scan) which include contrast
enhanced helical CT scanning has a high sensitivity 91% and high negative predictive values
of 95% in detecting cartilage invasion of CA larynx7. In our survey only 15(16.1%) of our
patients had CT scanning done. This is due to the high cost of CT scan per session. It cost
about 300USD and most of the patients live on less than a Dollar a day. Magnetic resonance
imaging(MRI) which has several advantages over CT-scan especially in pre- surgical
planning can only be done by 6(6.5%) of our patients due to the cost per session of 400USD.
The multiplanner capabilities of MRI are superior to the reformations available with the
traditional CT-scan. MRI has been found to have a sensitivity of 89-94%, specificity 74-88%
and a negative predictive value of 94-96% for the detection of neoplastic invasion7. Positron
emission tomography (PET) which is critical in detection of metastasis and for follow-up of
treated patients, but sadly such services is nonexistent in most developing nations.

6. Treatment options 1, 2, 3, 5, 6
The standard treatment of laryngeal carcinoma is surgery and radiotherapy in varying
combinations. Surgery involves partial or total removal of the larynx to achieve cure,
radiotherapy have been found to be effective in early laryngeal cancers (T1 and T2) with
local control ranging from 70-100%. In advance laryngeal cancers (T3 and T4) post operative
chemoradiation can achieve loco-regional control.4.
frequency
6
18
32
37

Partial laryngectomy and radiotherapy
Total laryngectomy and radiotherapy
Radiotherapy alone
Chemotherapy and radiotherapy

Percentage (%)
6.5
19.3
34.4
39.7

Table 1.
Male
Female
Total

1-2 years
30
6
36

3-4years
17
3
20

5-6 years
6
0
6

7-8 years
0
3
3

9-10 years
3
0
3

Total
78
15
93

Table 2. Symptom free period
supraglottic
glottic
subglottic
transglottic
total

<1year
9
0
3
13
25

1-2years
12
0
0
24
36

Table 3. Symptom free period

3-4years
5
6
6
3
20

5-6years
3
3
0
0
6

7-8years
3
0
0
0
3

9-10years
3
0
0
0
3

Total
35
9
9
40
93
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Most patients in our series where offered synchronous therapy of chemoradiation because
of late presentation 54(58%) and 27(29%) presented in stage III and stage IV respectively,
however the survival rate barely 1-2years and because of late presentation in our series most
glottis tumour have progress to transglottic on presentation with average symptom free
period of 3years after treatment. Overall 6(6.5%) had partial laryngectomy and postoperative radiotherapy, 18(19.3%) had total laryngectomy and post-operative radiotherapy,
32(34.4%) had radiotherapy alone and 37(39.7%) had chemotherapy and radiotherapy.
The common agents used in our series include cisplatin, 5-florouracil, docetaxel and
Adriamycin in varying combinations and administered either as neoadjuvant, adjuvant or
concomitant chemotherapy.

7. Discussion
Laryngeal cancer is the most common cancer of the aerodigestive track, it accounts for 20%
of all head and neck cancers. The incidence of these tumours is closely correlated with
smoking cigarettes, as head and neck tumours occur 6(six) times more often among
cigarettes smokers then among non smokers.
Cancer of the larynx has been found to be commoner in males, it occurs in increasing age
with the peak incidence being in the 5th decade.
In our study, 93 patients were surveyed with carcinoma of the larynx, 78 (83.9%) male and
females constituted 15 (16.1%) mean age of 56 years (+ 6- 8yrs), M: F=5.2:1.

Fig. 1. Age distribution
The estimated incidence of carcinoma of the larynx in the United States is about 12,000 per
annum while in Nigeria the incidence is estimated at 783 per annum. Squamous
cell carcinoma is the commonest histological type; in our series it constituted 90.3% other
were verrucous Carcinoma, 32% and Adenocarcinoma 6.5%. Studies conducted elsewhere
in the country by Amusa et al also showed the histological type to be predominantly
squamous cell. 8
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Fig. 2. Duration of symtoms
frequency
84
3
6
93

Squamous cell carcinoma
Verrucous carcinoma
Adenocarcinoma
Total

Percentage (%)
90.3
3.2
6.5
100.0

Table 4. Histological types
Transglottic carcinoma was found to be the commonest with 40 (43.0%), supraglottic, 35
(37.6%): table V. This is in contrast to other studies in which most laryngeal cancers arise
from the glottis, 9 this could be due to the late presentation in most of the patients with locoregional involvement, (images 1, 2 and 3)
Site
Transglottic
Supraglottic
Glottic
Subglottic
Total

N (%)
40(43.0)
35(37.6)
9(9.7)
9(9.7)
93(100.0)

Table 5.
Most of the patient presented with stage – III tumours, this is in agreement with most head
and neck tumour presentation in developing countries.
Supraglottic

Glottic

Subglottic

Transglottic

Total

29
6
35

9
0
9

6
3
9

34
6
40

78
15
93

Male
Female
TOTAL
Table 6. Site of lesion
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Fig. 3. Clinical stage at presentation
There was a significant correlation between the clinical stage of the tumour at presentation
and the site of the lesion, most patient present with stages III &IV transglottic or supraglottic
tumour. P<0.05 (0.000).

Supraglottc
Glottic
Subglottic
Transglottic
Total

Stage II
3
9
0
0
12

Stage III
20
0
9
25
54

Stage IV
12
0
0
15
27

Total
35
9
9
40
93

Table 7. Correlation between clinical stage of patient and site of lesion
Correlation also exist between the site of the lesion and the social habit of the patients, with
those who smoke cigarettes and drink alcohol presenting more with glottis tumours
P< 0.05(0.00) This could be due to the synergistic effect of cigarette smoking and alcohol on
head and neck tumours.

smoke
alcohol
Smoke and alcohol
None
Total

Supraglottic
12
0
3
20
35

Glottic
0
0
6
3
9

Subglottic
0
0
3
6
9

Transglottic
15
3
3
19
40

P<0.05(0.000)

Table 8. Correlation between social habit of patients and site of lesion

Total
27
3
15
48
93
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Site of lesion

Stage II

Stage III

Stage IV

Total

Supraglottic

3

20

12

35

Glottic

9

0

0

9

Subglottic

0

9

0

9

Transglottic

0

25

15

40

Total

12

54

27

93

And the site of lesion P<0.05 (0.000)

Table 9. Correlation between the clinical stages of the tumour

8. Conclusion
In conclusion black African patients in our study typically present late which accounts for
the higher number of transglottic and supraglottic cancers. Among some of the reasons for
late presentations are lack of affordability and accessibility by most patients to tertiary
health facility in developing countries like Nigeria. The national health insurance scheme
covers less than 10% of the population of 150million Nigerians thus living the majority to
pay an exorbitant fee for health care services. Another reason is the absence of radiotherapy
centers in most tertiary health facility in developing countries such that patient have to
travel a long distance with their relatives to access such services further increasing the cost
of treatment and delay before presentation.
Finally there is a need to educate the general public and especially health care providers to
promptly refer patients with hoarseness of more than 2 weeks duration for direct
laryngoscopy and biopsy by an otolaryngologist.
Most countries in sub-Saharan Africa are now emerging democracies, and thus the
challenges of infrastructural development and health care reforms are central to effective
governance.
In Nigeria for instance in the last ten years about 20 tertiary health centers are established by
the governments and the existing teaching hospitals are completely overhauled to improve
service delivery particularly in the area of cancer management, new radiotherapy centers
are established to complement the old existing ones, which are also upgraded. Also most
states in Nigeria have upgraded some of their secondary health centers to specialist tertiary
health care centers while the existing secondary health centers are renovated and equipped
with modern facilities. Personnel are also trained to reduce the doctor to patient’s ratio and
also to manage the new and modern equipments, for example a decade ago there are about
30 trained ENT surgeons practicing in Nigeria but with better facilities and more training
centers there are now about 350 ENT surgeons in Nigeria. Patients are now seeking prompt
medical consultations to find solutions to their health problems, this is partly made possible
by continuous health education through both electronic and prints media. However there
are some problems militating against improved health care services particularly in cancer
management, these are, paucity of clinical pathologist, lack of regular maintenance of
medical hardware’s partly because of lack of spare parts and the technical knowhow in
sub-Saharan Africa.

10

Head and Neck Cancer

The future direction in head and neck cancer management in Africa is promising because
both governments and non-governmental organizations are establishing various cancer
treatment centers to complement the existing centers. Through the non-governmental
organizations doctors and other health care workers all over the world are visiting and
assisting African patients from all field of medical specialty.

Picture 1. Gluck Sorenson incision and flap Secured to the chin, with tracheostomy
Pre-operatively done to relieve airway obstruction.

Picture 2. A complete surgical specimen of the larynx with hyoid bone.

Laryngeal Cancers in Sub-Saharan Africa
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Picture 3. A Longitudinal cut through laryngeal specimen showing the
Transglottic spread of the tumour
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Hypopharyngeal Cancer
Valentina Krstevska

Department of Head and Neck Cancer,
University Clinic of Radiotherapy and Oncology, Skopje
Republic of Macedonia
1. Introduction
Hypopharyngeal cancers arise from the mucosa of one of the three anatomical subsites of
the hypopharynx and are characterised by advanced disease at presentation mainly because
the hypopharynx, laying outside the glottis and being a silent area, allows tumours to grow
for a substantial period of time before symptoms occur (Elias et al., 1995; Sewnaik et al.,
2005). Hypopharyngeal cancers are relatively rare neoplasms and have one of the most
unfavourable prognosis among all cancers of the upper aerodigestive tract (Prades et al.,
2002; Samant et al., 1999). The reasons for the remarkably poor prognosis of hypopharyngeal
cancers is their aggressive behaviour represented by strong tendency for submucosal
spread, early occurrence of nodal metastatic involvement, propensity for direct invasion of
adjacent structures in the neck and high incidence of distant metastases (Elias et al., 1995;
Johansen et al., 2000).
Treatment options for early stage hypopharyngeal cancer include conservation or radical
surgery or radiotherapy, whereas total laryngectomy with partial or total pharyngectomy
followed by postoperative radiotherapy have been the standard form of treatment for
advanced stage disease. Over the past two decades, organ preservation strategies with either
altered fractionation radiotherapy or combination of chemotherapy and radiotherapy have
been used for the treatment of advanced hypopharyngeal cancers. Progressive tumourrelated dysphagia prior to diagnosis, associated tobacco and alcohol use, commonly older
age, medical comorbidities and social issues present in most of the patients, unequivocally
contribute to additional challenges for employment of aggressive treatment management,
and increase the risk of morbidity and mortality following therapy. The complex
management of these tumours creates an essential need for multidisciplinary team approach
involving a head and neck surgeon, radiation oncologist, medical oncologist, radiologist,
pathologist, nutritionist, speech and swallow therapist, and social worker. This chapter will
review the epidemiology and etiology, clinical presentation, diagnosis, prognosis, treatment
modalities for early and locally-regionally advanced resectable hypopharyngeal cancer,
management of unresectable disease, and treatment of recurrent and metastatic disease.

2. Epidemiology and etiology
Hypopharyngeal cancer is a rare disease representing about 0.5% of all human malignancies
with an incidence of less than 1 per 100,000 population and constituting only 3%–5% of all
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head and neck cancers (Cooper et al., 2009; Hoffman et al., 1998; Johansen et al., 2000).
Hypopharyngeal cancers are more common in men than in women. Increased incidence in
males of over 2.5:100,000 is seen in India, Brazil, Central and Western Europe and decreased
incidence under 0.5:100,000 in Eastern Asia, Africa and Northern Europe. The incidence in
women is as high as 0.2:100,000 in the majority of the countries, except for India (1:100,000)
(Popescu et al., 2010). These tumours typically occur in individuals who are older than 50
years of age, with a peak incidence in the sixth and seventh decades and their occurrence is
extremely rare in children (Siddiqui et al., 2003). The most common site of origin of
hypopharyngeal cancer is the pyriform sinus (66%–75%), followed by the posterior
pharyngeal wall, and postcricoid area (20%–25%) (Carpenter & DeSanto, 1977). There are
differences in the geographical distribution of the hypopharyngeal cancer with regard to
tumour location and patient gender, with postcricoid lesions showing a consistent moderate
female preponderance particularly in Scandinavia (Farrington et al., 1986; Kajanti &
Mantyla, 1990; Lederman, 1962; Popescu et al., 2010; Tandon et al., 1991). Pyriform sinus
and posterior pharyngeal wall lesions demonstrate typical male predominance in North
America and especially in France (Vandenbrouck et al., 1987).
Excessive tobacco and alcohol consumption contribute to the development of squamous cell
carcinomas in the upper aerodigestive tract (Flanders & Rothman, 1982; Jayant et al., 1977).
Тobacco and alcohol represent the major risk factors for the development of
hypopharyngeal cancer with more than 90% of patients presenting with a history of tobacco
use (Hoffman et al., 1997). Risk increases with both the quantity and duration of tobacco and
alcohol use (Menvielle et al., 2004; Tuyns et al., 1988). An increased smoking rate in women
resulted in narrowing the gap between genders in some countries (Llatas et al., 2009;
Popescu et al., 2010). Also, the early introduction of smoking in the individual habits could
be considered as a factor contributing to a downward readjustment of the age of appearance
of hypopharyngeal cancer (Lefebvre & Chevalier, 2004). The high rate of synchronous and
metachronous primary tumours identified in patients with hypopharyngeal cancer and the
concomitant mucosal dysplasia frequently found surrounding primary tumours appear to
relate to a field cancerisation effect, which is consistent with widespread exposure to
carcinogens (Shah et al., 2008; Slaughter et al., 1953; Van Oijen & Slootweg, 2000).
The importance of the role of genetic factors for the development of head and neck cancer is
not fully understood at the present time. Abnormalities of the tumour suppressor gene p53
are common in hypopharyngeal cancer, occurring in up to 70% of patients (Somers et al.,
1992). The association between tobacco use and p53 mutations is found in a much larger
percentage of smokers and drinkers than that of nonsmokers and nondrinkers (Brennan et
al., 1995; Koch et al., 1999; Sorensen et al., 1997). Also, the overexpression of oncogenes at
the 11q13 locus appears to be more frequent in hypopharyngeal cancers compared with
other head and neck cancer (Muller et al., 1997; Williams et al., 1993). The loss of
heterozygosity at 9p and abnormalities in chromosome 11 present in histologically normal
mucosa adjacent to hypopharyngeal cancers further support the field cancerisation effect
hypothesis (Van der Riet et al., 1994). Mutations in the p21 gene have also been identified in
hypopharyngeal cancers (Ernoux-Neufcoeur et al., 2011).
The role of human papilloma virus (HPV) as a contributing factor to carcinogenesis in head
and neck squamous cell carcinomas represent an area of active investigation (Fakhry &
Gillison, 2006). Although the association of HPV with head and neck cancer, especially with

Hypopharyngeal Cancer

15

oropharyngeal tumours has been supported by epidemiologic and molecular biology
studies (Franceschi et al., 1996; McKaig et al., 1998), HPV in the carcinogenesis of
hypopharyngeal cancer is less well defined. Studies have demonstrated rates of detection of
HPV DNA in patients with hypopharyngeal cancer ranging from 20% to 25% (Mineta et al.,
1998). However, the clinical implications of the presence of the genome of the oncogenic
high-risk HPV types in hypopharyngeal cancer are yet to be defined.
The development of hypopharyngeal cancers in the postcricoid area in women aged 30 to 50
without a history of tobacco or alcohol use is associated with previous Plummer-Vinson
syndrome, also termed Patterson-Brown-Kelly syndrome (Goldstein et al., 2008; Kajanti &
Mantyla, 1990; Stell et al., 1978). This syndrome is characterised by hypopharyngeal webs,
dysphagia, weight loss, and iron-deficiency anemia. Its early diagnosis and treatment with
supplemental iron were shown to be effective in stooping further cancer development
(Pfister et al., 2009).
A substantial proportion of hypopharyngeal cancers could be attributable to occupational
exposures (Menvielle et al., 2004). Possible environmental carcinogens that have been
implicated in hypopharyngeal cancer include asbestos and welding fumes (Gustavsson et
al., 1998; Marchand et al., 2000; Shangina et al., 2006).

3. Anatomy of the hypopharynx
The hypopharynx is the part of the pharynx that is contagious superiorly with the
oropharynx and is situated posterior and lateral to the larynx. The hypopharynx extends
from the superior border of the epiglottis and the pharyngoepiglottic folds from the level of
the hyoid bone superiorly to the lower border of the cricoid cartilage inferiorly where it
narrows and becomes continuous with the esophagus (Gale et al., 2006; Moore et al., 2010).
It is divided into three primary anatomic subsites: the pyriform sinuses, the postcricoid area,
and the posterior pharyngeal wall.
The pyriform sunuses are analogous to an inverted pyramids situated lateral to the larynx
with their base located superiorly and with the anterior, lateral, and medial walls narrowing
inferiorly to form the apices with their tips extending slightly below the cricoid cartilage. It
is separated from the laryngeal inlet by the aryepiglottic fold. The superior limit of the base
is the pharyngoepiglottic fold and the free margin of the aryepiglottic fold. The lateral wall
of the pyriform sinus is formed by the inferior constrictor muscles and the internal branches
of the superior laryngeal neurovascular bundle. Its superior aspect is bordered by the
thyrohyoid membrane. Inferiorly, it is bounded by the thyroid cartilage. Its medial
boundary is the lateral surface of the aryepiglottic fold, arytenoids, and lateral aspect of the
cricoid cartilage. The median wall is formed by the lateral surface of the aryepiglottic fold,
arytenoids, and lateral aspect of the cricoid cartilage (Moore et al., 2010).
The postcricoid area includes the mucosa that overlies the cricoid cartilage and represents
the anterior surface extending from the superior aspect of the arytenoid cartilages to the
inferior border of the cricoid cartilage. Inferiorly, it is contagious with the cervical
esophagus. Its important relations are the arytenoids, the cricoarytenoid joints, the intrinsic
laryngeal muscles, and inferiorly, below the cricoid, the trachealis muscle and recurrent
laryngeal nerves.
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Posterior pharyngeal wall extends superiorly from the horizontal level of the floor of the
vallecula (the level of the hyoid bone) to the inferior border of the cricoid inferiorly and
laterally from the apex of one pyriform sinus to the other being contagious with the lateral
wall of the pyriform sinus. The posterior pharyngeal wall is predominantly comprised of
mucosa covering the middle and inferior pharyngeal constrictor muscles. Posteriorly, it is
related to the bodies of the third through sixth cervical vertebra. It is separated from the
prevertebral fascia by retropharyngeal space. The posterior pharyngeal wall is contagious
with the lateral wall of the pyriform sinus.
There is a rich network of lymphatic channels within the hypopharynx. The first echelon of
lymphatic drainage is represented by the upper and midjugular (level II and III) nodes.
Lymphatic channels from the pyriform sinuses drain through the thyrohyoid membrane
following the superior laryngeal artery to the jugulodigastric, midjugular (level II and III),
and retropharyngeal nodes. The lymphatics of the postcricoid area may drain directly to
local lymph nodes, may ascend with the lymphatic drainage of the pyriform sinus (levels II
and III), but mainly tend to follow the retropharyngeal lymph nodes to the paratracheal,
paraesophageal, and lower jugular nodes (level IV and VI), or may occasionally drain down
into the superior mediastinum (Clayman & Weber, 1996). Lymphatics of the posterior
pharyngeal wall may drain bilaterally, passing to the lateral retropharyngeal nodes
including the most cephalad retropharyngeal nodes of Rouviere, or to the upper jugular
nodes (level II).
The sensory innervation of the hypopharynx is by the glossopharyngeal and vagus nerves
via the pharyngeal plexus, superior laryngeal nerves, and recurrent laryngeal nerves (Moore
et al., 2010). The common origin of the auricular nerve of Arnold from the synapsis of the
internal branch of the superior laryngeal nerve and the vagal branches from the middle ear
in the jugular ganglion results in the phenomenon of referred otalgia seen in patients
presenting with hypopharyngeal cancer (Clayman & Weber, 1996). Motor innervation of the
hypopharynx is from the pharyngeal plexus and recurrent laryngeal nerves. The arterial
supply is derived from the superior laryngeal, lingual, and ascending pharyngeal collateral
arteries (Standring, 2004).

4. Patterns of spread and clinical presentation
4.1 Patterns of spread
Hypopharyngeal cancers, particularly those arising in the postcricoid area, have a strong
tendency for extensive submucosal spread. The extent of subclinical spread beyond the
macroscopic tumour edge is greatest in the inferior direction ranging between 5 and 30 mm
(Davidge-Pitts & Mannel, 1983; Hong et al., 2005). The presence of submucosal tumour
extension frequently demonstrated in surgical specimens can result in inaccuracy in the
estimation of tumour volume. Therefore, the submucosal spread as a characteristic feature
for hypopharyngeal cancer should be taken into consideration during the treatment being
either surgery or radiotherapy. Pyriform sinus cancers with lateral extension can invade the
thyroid cartilage (Kirchner, 1975), but cricoid cartilage and thyroid gland involvement is
also possible by the extension through the cricothyroid membrane. Medial extension is
associated with invasion of the aryepiglottic folds, preepiglottic and paraglottic space, and
intrinsic laryngeal muscles that results in a loss of vocal cord mobility (Kirchner, 1975; Tani
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& Amatsu, 1987). Superior tumour extension beyond the lateral pharyngoepiglottic fold into
the vallecula can involve the base of the tongue and inferior tumour extension beyond the
apex can involve the thyroid gland. Postcricoid tumours tending to grow circumferentially
frequently involve the cricoid cartilage, arytenoids and intrinsic laryngeal muscles with
resultant vocal cord fixation. Involvement of the recurrent laryngeal nerve can also result in
vocal cord immobility. The inferior tumour spread can lead to invasion of cervical
esophagus and trachea. Posterior pharyngeal wall tumours with their superior spread may
invade the base of the tonsil and the oropharyngeal wall, while inferior extension may be
associated with invasion of the postcricoid hypopharynx. These tumours may also invade
through the posterior wall to involve the prevertebral fascia and the vertebral bodies.
Lymph node metastases in the neck are associated with even the earliest stages of
hypopharyngeal cancer. Metastases in the neck lymph nodes are already present in
approximately 70% of patients at the time of presentation with levels II and III being the
most frequently affected sites (Lefebvre et al., 1987; Vandenbrouck et al., 1987). Metastases
in paratracheal and paraesophageal nodes (level VI) are most commonly present in patients
with cancers in the postcricoid area (De Bree et al., 2011; Joo et al., 2010; Timon et al., 2003;
Weber et al., 1993). Retropharyngeal lymph node metastases are most frequently present in
patients with cancers of the posterior pharyngeal wall and the postcricoid area, but can also
be present in those patients who have positive nodes in other levels in the neck (Amatsu et
al., 2001; Hasegawa & Matsuura, 1994; Kamiyama et al., 2009). Apart from the high
incidence of clinically apparent regional spread, another striking problem is the presence of
occult nodal disease in high percentage of patients with hypopharyngeal primaries. Thus, in
patients with clinically positive neck, the incidence of bilateral occult lymph node
metastases is at least 50% (Byers et al., 1988; Buckley & MacLennan, 2000). The reported
percentage of occult contralateral neck metastases in patients with pyriform sinus cancer
and ipsilateral metastatic neck nodes involvement is 77% (Aluffi et al., 2006). Bilateral occult
lymph node metastases in patients with clinically negative neck are most frequently
associated with cancers of the pyriform sinus (Buckley & MacLennan, 2000; Koo et al., 2006).
The risk of occult lymph node metastases at levels IV and V in patients with clinically
negative neck is low, whereas in patients with clinically positive neck is more than 20%
(Byers et al., 1988; Buckley & MacLennan, 2000; Gregoire et al., 2000). Occult nodal disease
in ipsilateral paratracheal lymph nodes has been reported in 20% of patients with tumours
arising from postcricoid area or pyriform sinus apex presenting with clinically negative neck
(Buckley & MacLennan, 2000).
Distant metastases at presentation are more common in hypopharyngeal cancers than in
other head and neck cancers. At the time of clinical diagnosis distant metastatic disease is
present in approximately 17% of hypopharyngeal cancers (Hsu & Chen, 2005; Spector, 2001).
The frequency of distant metastatic development in patients with hypopharyngeal cancer
during the course of the disease is also among the highest of all head and neck cancers. In
the ten years experience of treatment for advanced hypopharyngeal cancer reported by
Hirano et al. (Hirano et al., 2010), approximately half of the recurrences was distant
metastatic disease. The most common site for distant metastases is the lung. According to
Spector et al. (Spector et al., 2001), development of distant metastases at some time
following initial treatment is associated with tumour recurrence at the primary site, or
neck metastases.
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4.2 Clinical presentation
Early hypopharyngeal cancers produce a mild, nonspecific sore throat or vague discomfort
on swallowing. In these patients, globus sensation can be the only complaint with normal
clinical findings (Tsikoudas et al., 2007). However, the majority of patients with cancers of
the hypopharynx presents with advanced local and/or regional disease and provide a
history of significant tobacco or alcohol use. Most patients have also poor dentition and
halitosis. Predominating symptoms are those related to the locoregional disease spread
including sore throat, odynophagia and dysphagia, weight loss, and a mass in the neck.
Referred otalgia (external auditory canal pain) frequently present in patients with pyriform
sinus cancers may be referred via the superior laryngeal nerve through the auricular branch
of the vagal nerve (Arnold’s nerve). Development of hoarseness (vocal cord paralysis) may
be a result of either direct invasion of the larynx or involvement of recurrent laryngeal nerve
indicating more advanced disease. A “hot potato” voice may be due to the involvement of
the base of the tongue. Approximately 50% of patients present with palpable neck
lymphadenopathy as the only complaint on initial clinical examination (Keane, 1982;
Uzcudun et al., 2001).

5. Diagnosis, staging, and prognosis
5.1 Diagnosis
Pretreatment diagnostic workup of hypopharyngeal cancer starts with a complete medical
history with attention paid to disease-related signs and symptoms, and continues with
clinical examination and endoscopy including indirect mirror exam and fiberoptic
endoscopy under local anesthesia. Clinical and endoscopic assessment should be focused on
determining the extent of the primary tumour and laryngeal mobility. Endoscopy can often
easily reveal tumours arising in the upper pyriform sinus and the posterior pharyngeal wall,
whereas for tumours located in the apex of the pyriform sinus and obscured by pooled
secretions, and for those arising in postcricoid area and causing significant arytenoid edema,
the visualisation of the tumour during endoscopy is much more difficult. Panendoscopy
under general anesthesia allows the physician a thorough evaluation of the entire upper
aerodigestive tract with consequent precise assessment of the macroscopic extent of the
primary tumour as well as detection of synchronous primary tumours. Detection of regional
disease is obtained by careful examination of both sites of the neck.
Imaging studies including computed tomography (CT) and/or magnetic resonance imaging
(MRI) and/or positron emission tomography (PET)/CT of the head and neck region are
required to define the extent of the disease at the primary site in surrounding structures,
such as the paralaryngeal space, preepiglottic space, laryngeal cartilages, extralaryngeal soft
tissue, prevertebral space, and parapharyngeal space, and also to evaluate the extent of the
disease in regional lymph nodes. Imaging studies are primarily helpful for staging the
primary tumour and neck, but may also help in determining mediastinal spread and distant
metastatic disease in the lung and can also inform on possible synchronous tumours in the
upper aerodigestive tract. Fluorodeoxyglucose-PET (FDG-PET) scans, although not
routinely indicated, may be helpful in the evaluation of locally advanced hypopharyngeal
cancer. Histological confirmation is mandatory for the diagnosis of hypopharyngeal cancer.
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Biopsy of primary tumour site is usually performed during endoscopic examination under
anesthesia. If a neck adenopathy is present, ultrasound with a fine-needle aspiration or core
biopsy is performed obtaining sufficient tumour to confirm diagnosis of suspicious
metastatic lymph node. More than 95% of hypopharyngeal malignancies are squamous cell
carcinomas which are often poorly differentiated. Uncommon nonsquamous cell
malignancies include adenocarcinoma, composing the majority of the remaining 5% of the
primary hypopharyngeal tumours, as well as lymphoma, and other rare neoplasms such as
malignant fibrous histiocytoma, liposarcoma, fibrosarcoma, chondrosarcoma, and mucosal
malignant melanoma.
Pretreatment evaluations should also include routine laboratory studies (a complete blood
count, basic blood chemistry, liver function tests, and renal function tests), chest x-ray, and
liver ultrasound. Swallowing and nutrition status should be also evaluated. When
radiotherapy planned, preventive dental care and dental extractions should be dealt with 10
to 14 days prior to treatment commencement.
5.2 Staging
The accepted standard for staging of hypopharyngeal squamous cell carcinoma is
represented by the American Joint Committee on Cancer (AJCC) Tumour Node Metastasis
(TNM) staging system (Edge & Byrd, 2009) (Table 1). Clinical staging is based on data from
medical history, clinical examination, endoscopy, and imaging studies. Regarding the
primary tumour, the AJCC staging system does not differentiate the specific tumour subsite.
Regional lymph nodes staging and stage grouping is identical to other sites within the oral
cavity and pharynx with exception of nasopharynx. Pathologic staging is based on findings
from clinical staging and data included in the report of histopathological analysis for
resected specimen including the type, size, and grade of the primary tumour, the pattern of
invasion, the minimum resection margin, the regional lymph nodes status, and the presence
of nodal extracapsular extension.
5.3 Prognostic factors
Overall stage grouping (anatomic stage), stage of primary tumour (T stage), and stage of
regional lymph nodes (N stage) are important prognostic factors for cancer of the
hypopharynx. Regarding the data from literature concerning prognostic factors for
hypopharyngeal cancer, it is apparent that the results of the analysis of different authors are
not consistent. Thus, some authors showed nodal staging as the most important
independent prognostic factor (Keane et al., 1983; Pivot et al., 2005; Sakata et al., 1998),
whereas other authors confirmed the statistical significance of T stage (Toita et al., 1996;
Tsou et al., 2006). According to some authors, overall stage grouping remains the most
important determinants of outcome (Barzan et al., 1990; Gupta et al., 2009a), while other
authors revealed T stage and N stage as dominant prognostic factors in hypopharyngeal
cancer (Hall et al., 2009; Johansen et al., 2000; Spector et al., 1995; Wygoda et al., 2000).
Age and gender have been also shown to have prognostic significance in hypopharyngeal
cancer with increased age and male gender negatively influencing patients’ outcome
(Nishimaki et al., 2002; Rapoport & Franco, 1993; Spector et al., 1995).
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TX:
T0:
Tis:
T1:
T2:
T3:
T4a:
T4b:
*Note:
Nx:
N0:
N1:
N2:

N2a:
N2b:
N2c:
N3:
M0:
M1:
0:
I:
II:
III:
IVA:
IVB:
IVC:

Primary tumour (T)
Primary tumour cannot be assessed
No evidence of primary tumour
Carcinoma in situ
Tumour limited to one subsite of hypopharynx and/or 2 cm or less in greatest
dimension
Tumour invades more than one subsite of hypopharynx or an adjacent site, or
measures more than 2 cm, but not more than
4 cm in greatest dimension without fixation of hemilarynx
Tumour more than 4 cm in greatest dimension or with fixation of hemilarynx or
extension to esophagus
Moderately advanced local disease. Tumour invades thyroid/cricoid cartilage,
hyoid bone, thyroid gland, or central compartment soft tissue*
Very advanced local disease. Tumour invades prevertebral fascia, encases carotid
artery, or involves mediastinal structures
Central compartment soft tissue includes prelaryngeal strap muscles and
subcutaneous fat
Regional lymph nodes (N)
Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension
Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than
6 cm in greatest dimension; or in multiple ipsilateral lymph nodes, not more than
6 cm in greatest dimension; or in bilateral or contralateral lymph nodes, not more
than 6 cm in greatest dimension
Metastasis in a single ipsilateral lymph node more than 3 cm but not more than 6
cm in greatest dimension
Metastasis in multiple ipsilateral lymph nodes, not
more than 6 cm in greatest dimension
Metastasis in bilateral or contralateral lymph nodes,
not more than 6 cm in greatest dimension
Metastasis in a lymph node, more than 6 cm in greatest dimension
Distant metastasis (M)
No distant metastasis
Distant metastasis
Anatomic stage/prognostic groups
Tis N0 M0
T1 N0 M0
T2 N0 M0
T3 N0 M0, T1-T3 N1 M0
T4a N0 M0, T4a N1 M0, T1-T3 N2 M0, T4a N2 M0
Any N M0, Any T N3 M0
Any T Any N M1

Table 1. American Joint Committee on Cancer (AJCC) TNM classification of
hypopharyngeal cancer
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Several pathologic factors have been demonstrated to impact upon outcome in surgical
treatment of hypopharyngeal cancer (Hall et al., 2009; Lee et al., 2008; Mochiki et al., 2007).
Several studies reported the adverse impact of advanced stage, (Dinshaw et al., 2005; Hall et
al., 2009; Lee et al., 2008; Mochiki et al., 2007), nodal extracapsular extension (Vandenbrouck
et al., 1987; Lee et al., 2008), perineural invasion (Bova et al., 2005), and lymphovascular
invasion (Bova et al., 2005; Mochiki et al., 2007). Increasing pathological nodal stage (Chu et
al., 2008; Hall et al., 2009; Mochiki et al., 2007), and quality of tumour clearance were also
revealed as significant prognostic factors (Gupta et al., 2010; Nishimaki et al., 2002).
Tumour volume is the most important prognostic factor of treatment outcome for patients
with advanced hypopharyngeal cancer treated with concurrent chemoradiotherapy and
should always be taken into consideration in treatment planning (Plataniotis et al., 2004;
Tsou et al., 2006). Thus, confirming the significance of gross tumour volume as the only
independent prognostic factor for treatment outcome, Chen et al. (Chen et al., 2009)
concluded that pretreatment CT-based gross tumour volume measurements could be
considered as strong predictor of local control and survival in patients with advanced stage
hypopharyngeal cancers treated with concurrent chemoradiotherapy. For this patients
category, low pretreatment hemoglobin level (Lee et al., 1998; Prosnitz et al., 2005) and age
older than 70 years (Pignon et al., 2009) were revealed as negative prognostic factors.

6. Treatment of hypopharyngeal cancer
6.1 Treatment of small lesions (T1N0-1 and small T2N0)
Early-stage hypopharyngeal cancers include most T1N0-1 and small T2N0 cancers that do
not require total laryngectomy. Patients with small lesions of the hypopharynx constitute
approximately 20% of all patients presenting with hypopharyngeal cancer (Spector et al.,
2001). Conservation surgery or radiotherapy alone are considered effective treatment
modalities for patients who present with T1N0-1 and selected T2N0 obtaining satisfactory
rates of local control while optimising functional outcome (Allal, 1997; Jones et al., 1994;
Jones & Stell, 1991). However, discrepancies exist among different authors in the choice of
treatment approach for early hypopharyngeal lesions. Thus, some authors advocate
conservation surgery with or without postoperative radiotherapy whereas other authors
advocate radiotherapy alone. The study conducted by Groupe d’Etude des Tumeurs de la
Tête et du Cou (GETTEC) (Foucher et al., 2009), supported conservation surgery procedures
in patients with T1 or T2N0 hypopharyngeal lesions showing that transoral approach or
partial pharyngolaryngectomy led to completely satisfactory results in terms of survival and
locoregional control. Comparing the effect of surgery or radiotherapy in the treatment of
postcricoid carcinoma, Axon et al. (Axon et al., 1997) recommended surgery as a better
method of improving survival, especially in patients with no nodal disease. El Badawi et al.
(El Badawi et al., 1982) reviewing patients with cancer of the pyriform sinus treated with
radiotherapy, surgery, or surgery and postoperative radiotherapy, concluded that
superficial lesions without vocal cord mobility impairment were suitable for definitive
radiotherapy. Similar conclusion regarding the effectiveness of radiotherapy alone in the
management of small tumours in the postcricoid area with no clinical evidence of neck
lymph node metastasis was drawn by Stell et al. (Stell et al., 1982). Levebvre & Lartigau
(Levebvre & Lartigau, 2003), considering surgery and radiotherapy as approaches
comparable in terms of local control and functional results in early hypopharyngeal cancer,
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emphasized that the impressive improvement in radiotherapy techniques unequivocally
enabled the acceptance of radiotherapy as an indisputable alternative to surgery.
Furthermore, additional arguments supporting definitive radiotherapy as a treatment of
choice for small hypopharyngeal tumours are the expected superior functional outcome
(Freeman et al., 1979; Marks et al., 1978), the necessity for postoperative radiotherapy
because of positive resection margin or extracapsular spread of nodal disease with its
related morbidity following conservation surgery, and the need for elective irradiation of
the lymph nodes in the neck when elective dissection had not been performed during the
surgical procedure. The selection of patients for conservation surgical procedures or
radiotherapy as a primary treatment modality must be carefully accomplished. Because of
the lack of studies that analyse and compare the results of conservation surgery and
definitive radiotherapy in terms of local control and functional outcome in patients with
early hypopharyngeal cancers, the decision for adoption of one of these two treatment
modalities should incorporate a complex assessment of the extent and volume of tumour
and expected response to treatment modalities, patient age and physical status, patient
preference including occupational considerations, patient compliance, prior head and neck
malignancy, risk for second head and neck primary cancer, the ability to deliver an adequate
radiotherapy, or the expertise of the surgical team to effectively realise conservation
surgery, treatment cost, and physician and institutional bias.
6.1.1 Surgery
Summarising the results of surgery reported in published series, Levebvre (Levebvre, 2000)
revealed that the treatment of early hypopharyngeal cancers with properly selected
conservation surgical procedure provides a 5-year local control ranging between 90% and
95% with a 5-year larynx function preservation ranging between 85% and 100%. For the
small lesions of the pyriform sinuses, partial pharyngectomy or partial
pharyngolaryngectomy should be considered. The indications for conservation surgery are
represented by the absence of gross tumour involvement and impaired mobility of vocal
cords and arytenoids, as well as by the absence of thyroid cartilage invasion and
involvement of the apex of the pyriform sinus and postcricoid area (Freeman et al., 1979;
Marks et al., 1978). Additionally, attention must be paid to the possible caudal, contralateral,
and extralaryngeal extension, and soft tissue invasion. In selected patients with T1 and T2
lesions of the medial wall of the pyriform sinus a supracricoid hemilaryngopharyngectomy
is advocated (Freeman et al., 1979; Laccourreye et al., 1987). In patients with T1 and T2
lesions of the lateral wall of the pyriform sinus, partial pharyngectomy through a lateral
approach is indicated. Partial pharyngectomy through a transhyoid pharyngotomy,
posterior pharyngectomy, or lateral pharyngotomy are conservation surgery procedures
that allow the excision of T1 and small T2 lesions confined to the posterior wall of the
hypopharynx. The lateral pharyngotomy as an approach that allows access to all subsites of
the hypopharynx is also very suitable for small tumours of the posterior pharyngeal wall.
Median labiomandibular glossotomy and transoral approach can also be employed for small
lesions of the posterior pharyngeal wall. The reconstruction following excision of larger
posterior wall lesions involves a free vascularised graft (Jol et al., 2003; Schwager et al.,
1999). Tumours arising in the postcricoid area are usually presented as advanced lesions.
Surgical excision followed by postoperative radiation is the treatment of choice for cancers
not amenable to a conservation protocol (i.e., tumours destroying cartilage, tumours too
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bulky for control with primary radiation). The minimum operation recommended is total
laryngectomy and partial pharyngectomy and pharyngoesophagectomy with reconstruction
if extension into the esophagus is present. In several studies analysing the results obtained
with partial surgery in patients with early cancer of the pyriform sinus the reported 5-year
survival rates range between 47% and 83% (Barton, 1973; Chevalier et al., 1997; Laccourreye
et al., 1993; Makeieff et al., 2004; Marks et al., 1978). Partial pharyngolaryngectomy also
resulted in a 5-year local recurrence rate bellow 5% (Chevalier et al., 1997; Laccourreye et al.,
1993). In the retrospective study of Vandenbrouck et al. (Vandenbrouck et al., 1987), the
reported rate of locoregional control was 89% in patients with T1 and T2 cancers of the
pyriform sinus treated with conservation surgery. In the retrospective study of Pene et al.
(Pene et al., 1978), primary surgery and postoperative radiotherapy in patients with early
lesions of posterior pharyngeal wall (T1 and T2) resulted in 5-year survival rate of 30%. In
the study of Jones et al. (Jones et al., 1995), the results of surgery and radiotherapy alone in
patients with carcinoma of the postcricoid area showed no significant difference in the
observed tumour-specific five-year survival rates between surgery and radiotherapy group.
The transoral laser ednoscopic resection is a new conservation surgical approach suitable for
T1 and T2 exophytic, highly differentiated squamous cell carcinomas of the upper part of
the hypopharynx without extension to the apex of the pyriform sinus or to the postcricoid
area (Glanz, 1999; Rudert & Hoft, 2003; Vilaseca et al., 2004). Few non-randomised studies
evaluating transoral laser surgery in hypopharyngeal cancer reported 5-year overall
survival rate of approximately 70% (Foucher et al., 2009; Rudert et al., 2003; Steiner et al.,
2001), and local control rate at 5 years ranging between 82% and 90% (Foucher et al., 2009;
Steiner et al., 2001).
Hypopharyngectomy by transoral robotic surgery as a procedure proposed to minimise the
treatment-related morbidity following conventional surgical approaches for T1 or T2
lesions arising in the pyriform sinus analysed in terms of efficacy and feasibility has been
also shown to be a safe technique for the treatment of early hypopharyngeal cancer
(Park et al., 2010).
6.1.2 Radiotherapy
The use of radiotherapy as a single treatment approach for small hypoharyngeal lesions
(T1N0-1 and small T2N0) offers treatment for both the primary tumour and the neck,
thereby obviating the need for neck dissections and their associated morbidity. Definitive
radiotherapy could be considered as treatment of choice for non-circumferential postcricoid
lesions allowing organ preservation and a reasonable probability of cure and restoration of
swallow. Additionally, definitive radiotherapy could be effectively employed in patients
who refuse surgery or who are poor surgical candidates because of underlying medical
conditions.
Several non-randomised controlled trials exploring the role of definitive radiotherapy in the
treatment of early hypopharyngeal cancer, reported local control rates for T1 lesions arising
from pyriform sinus ranging between 60% and 100% (Bataini et al., 1982; Mendenhall et al.,
1987a; Million & Cassisi, 1981). However, in the reported update of the University of Florida
experience with early pyriform sinus cancer, the involvement of the apex of the pyriform
sinus and the high probability for early cartilaginous involvement was shown to
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significantly reduce local control for T1 lesions (Amdur et al., 2001). The rates of local
control also decrease in bulky T2 lesions and in those larger than 2.5 cm (Pameijer et al.,
1998; Mendenhall et al., 1987b). The published data for hypopharyngeal sites other than
pyriform sinus are more limited. Most of the studies reporting results of definitive
radiotherapy in patients with carcinoma of the pharyngeal wall included lesions arising
from both hypopharynx and oropharynx, and there is also a lack of randomised controlled
trials exploring the role of definitive radiotherapy in early hypopharyngeal cancer arising in
the postcricoid area. In the study of Fein et al. (Fein et al., 1993), the achieved 2-year local
control rates for T1 and T2 pharyngeal wall cancer treated with definitive radiotherapy
using conventional fractionation were 100% and 67%, respectively. Meoz-Mendez et al.
(Meoz-Mendez et al., 1978) analysing the results of irradiation in the treatment of cancers of
the pharyngeal walls emphasized that the recurrence rate at the primary site was associated
with increasing T stage, while Talton et al. (Talton et al., 1981) considered radiotherapy as
the most effective treatment in the posterior wall lesions. In a series of Farrington et al.
(Farrington et al., 1986), a significant survival rate decrease in lesions of the postcricoid area
more than 2 cm in length was observed following radiotherapy alone. The disease-free
survival in patients who completed radiotherapy was 66% and 21% in stages I and II,
respectively. In the study of Garden et al. (Garden et al., 1996), the observed 2-year local
control rates in patients with early stage hypopharyngeal cancer from all sites treated with
definitive radiotherapy were 89% for T1 lesions and 77% for T2 lesions. Nakamura et al.
(Nakamura et al., 2006) reported 5-year local control rates of 85% and 65% for T1 and T2
hypopharyngeal lesions. The observed overall survival at 5 years for stage I and II
hypopharyngeal cancer from all sites treated by radiotherapy alone ranged between was
40% and 78% (Pingree et al., 1987; Van Mierlo et al., 1995). In summary, primary
conventionally fractionated radiotherapy for T1-2 hypopharyngeal cancers results in a 2year local control rate of 89-100% for T1 tumours and 60-70% for T2 tumours (Fein et al.,
1993; Garden et al., 1996; Van Mierlo et al., 1995). In order to improve local control rates in
patients with early hypopharyngeal lesions treated with definitive radiotherapy, altered
fractionation regimens were also explored by several authors. It was shown that
hyperfractionation and accelerated fractionation significantly improve the local control of
hypopharyngeal cancers of T2 or greater, and possibly also for T1 tumours. (Fu et al., 2000;
Garden et al., 1996 ; Niibe et al., 2003 ; Parsons et al., 1984 ; Rosenthal & Ang, 2004).
The employment of postoperative radiotherapy is recommended in the presence of
microscopically involved surgical margins being a pathological feature predicting a highrisk for local recurrence (Cooper et al., 1998). Postoperative concurrent chemoradiotherapy
is recommended in the presence of multiple high-risk factors represented by close or
positive margins of resection, lymphatic and vascular embolism, perineural infiltration, and
cartilage invasion (Bernier et al., 2004; Cooper et al., 2004).
6.1.3 Neck management
Neck management in patients with early hypopharyngeal cancer is also indicated because of
the high risk of lymph node metastases (Layland & Sessions, 2005). Elective neck irradiation
and elective neck dissection including retropharyngeal nodes are equally and highly
effective in managing subclinical neck disease providing regional control of more than 90%
(Ambrosch et al., 2001; Bataini, 1993; Pillsbury et al., 1997). Neck lymph node dissection
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should be performed according to the definitions of the American Academy of
Otolaryngology Head and Neck Surgery (AAOHNS) (Robbins et al., 2008). In patients with
clinically negative neck, ipsilateral selective neck dissection for lateralised lesions or bilateral
selective neck dissection for midline lesions of levels II, III, IV is performed. Neck dissection
in clinically N0 patients represents a procedure that has therapeutic value by removal of
occult metastatic disease. Neck dissection identifies subclinical nodal disease and, based on
pathologic staging, allows the selective use of postoperative concurrent chemoradiotherapy
in cases with pathologically proven multiple metastases or nodal extracapsular extension
(Pillsbury et al., 1997; Clayman & Frank, 1998). Nodal disease in patients with clinically
positive neck (N1) is treated with ipsilateral or bilateral radical neck dissection that refers to
the removal of all lymph nodes from levels I through V. Retropharyngeal nodes could be
also resected at the time of partial pharyngectomy in patients with radiographic evidence of
metastases in this lymph node group. Investigating the significance of dissection of
retropharyngeal nodes in hypopharyngeal cancer, Kamiyama R et al. (Kamiyama et al.,
2009) concluded that in order to improve prognosis, this dissection should be recommended
at the time of primary surgical treatment in cancers whose primary subsites are posterior
wall or pyriform sinus.
Patients with clinical N0 disease are eligible for elective radiotherapy of the neck
encompassing bilateral lymph nodes in levels II, III and IV. Elective treatment of level VI is
indicated for patients with cancer of the pyriform sinus (particularly those located in the
apex) and postcricoid area, and for those with esophageal involvement. Elective treatment
of the retropharyngeal lymph nodes is indicated for cancer of the posterior pharyngeal wall
or postcricoid area, and for those with invasion of the posterior pharyngeal wall from other
sites (Gregoire et al., 2003). The determination of the target volume of elective radiotherapy
of the neck should follow the consensus guidelines developed by the European
Organization for Research and Treatment of Cancer/Radiation Therapy Oncology
Group/Danish Head and Neck Cancer Group (EORTC/RTOG/DAHANCA) (Gregoire et
al., 2003). According to the recommendations given by Gregoire et al. (Gregoire et al., 2006)
for selection and delineation of the levels of lymph nodes for elective irradiation in patients
with clinically positive neck and in those with positive neck nodes determined in the
surgical specimen following neck dissection, the levels that should be electively treated are
I, II, III, IV, V and retropharyngeal nodes, and level VI for esophageal extension.
Retrostyloid space should be also included in cases with positive lymph node in Level II
whereas supraclavicular fossa should be electively irradiated if there were positive nodes in
level IV or V. Given the radiotherapy as primary treatment approach in patients with
positive lymph node smaller than 3 cm (N1), it should be mentioned that although there are
data from the literature showing that using conventional fractionation, regional control
could be achieved in 75%-90% of cases (Bataini et al., 1990; Mendenhall et al., 1984; Taylor et
al., 1991), some authors reported lower rates of regional control observed in their studies.
Thus, in the study of Johansen et al. (Johansen et al., 2000), definitive radiotherapy resulted
in 5-year regional control of 36% for N1 disease. Similar results were found in the
retrospective review of patients with hypopharyngeal cancers treated with definitive
radiotherapy performed by Gupta et al. (Gupta et al., 2009a) with 3-year locoregional
control rate of 41% in patients with N1 disease.
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6.2 Surgery and postoperative radiotherapy in locally-regionally advanced resectable
lesions
In order to improve outcome in patients with advanced stage resectable hypopharyngeal
cancer (T2N1-3M0, T3-4N0-3M0), the role of postoperative radiotherapy following
nonconservation surgery became a subject of analysis in many single-institution studies. An
improvement in overall and disease-free survival was obtained in patients with locallyregionally advanced hypopharyngeal cancer if combined treatment modality with radical
surgery consisting of total laryngectomy, total or partial pharyngectomy and unilateral or
bilateral neck dissection followed by radiotherapy was used. Thus, in the 1970s and 1980s,
surgery (i.e., total laryngectomy and pharyngectomy with or without neck dissection)
followed by postoperative radiotherapy was the standard form of therapy for advanced
stage disease (Arriagada et al., 1983; Mirimanoff et al., 1985) with reported 5-year survival
rates varying between 19% and 48% (Elias et al., 1995; Kim et al., 2001; Kraus et al., 1997;
Lajtmam & Manestar, 2001; Pingree et al., 1987). Comparing the results of total
pharyngolaryngectomy, neck dissection, and postoperative radiotherapy in patients with
squamous cell carcinoma of the pyriform sinus with those obtained by surgery alone, El
Badawi et al. (El Badawi et al., 1982) showed an increased locoregional recurrence rate after
surgery alone (39%) as opposed to that following combined therapy (11%). In the analysis of
Frank et al. (Frank et al., 1994) surgery and postoperative radiotherapy was found to
improve survival in patients with advanced hypopharyngeal cancer. Survival rates at five
years for postoperative radiotherapy group and for surgery alone group were 48% and 18%,
respectively. Lee et al. (Lee et al., 2008) reported that total laryngectomy with partial or total
pharyngectomy with unilateral or bilateral radical neck dissection and postoperative
radiotherapy resulted in 3-year local control, disease-free survival, and overall survival rate
of 44%, 44%, and 39%, respectively. However, there are some conflicting data in the
literature regarding the role of adjuvant radiotherapy. Thus, Yates et al. (Yates et al., 1984),
analysing the impact of addition of adjuvant radiotherapy following surgery on survival of
patients with squamous cell carcinoma of the pyriform sinus, found that the surgery alone
group demonstrated the best results with 5-year survival rate of 56% as compared to 33% for
the groups treated with pre- or postoperative radiotherapy. Worse outcome in patients with
hypopharyngeal cancer treated with surgery and postoperative radiotherapy as
compared with those treated with surgery or radiotherapy alone was also found in the
study of Pingree et al. (Pingree et al., 1987). The reported 5-year survival rates for
surgery alone, surgery and postoperative radiotherapy, and radiotherapy alone were 40%,
32%, and 11%, respectively.
The prognosis of patients with primary hypopharyngeal tumour and extensive and/or large
lymph node metastases is highly determined by the N stage. Radiotherapy or surgery alone
in the treatment of advanced nodal disease (N2-3) resulted in poor rates of regional control
and survival (Gupta et al., 2009a; Johansen et al., 2000; Lou et al., 2008). In 1988, Teshima et
al. (Teshima et al., 1988), analysing the results of radiotherapy in hypopharyngeal cancer
with special attention paid to the nodal control, pointed out the role of postoperative
radiotherapy in obtaining an effective nodal control for patients with clinically positive
nodes. The use of postoperative radiotherapy following neck lymph node dissection is
recommended for patients with N2 and N3 disease. Data from literature show improved
regional control even in patients with very advanced nodal disease when postoperative
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radiotherapy was used following radical neck dissection (Ambrosch et al., 2001; Lundahl et
al., 1998; Richards & Spiro, 2000; Smeele et al., 2000). Postoperative radiotherapy in patients
with resectable locally and/or regionally advanced hypopharyngeal cancer should be
prescribed to the entire operative bed and draining nodes. The determination of the target
volume of elective radiotherapy of the neck should follow the proposal for delineation of the
nodal clinical target volume in the node positive and postoperative neck by Gregoire et al.
(Gregoire et al., 2006) (see section 6.1.3). According to the European Society for Medical
Oncology (ESMO) clinical recommendations for treatment of squamous cell carcinoma of
the head and neck, the standard option for advanced resectable hypopharyngeal cancers is
represented by surgery and postoperative radiotherapy in patients without high-risk
pathological features found at surgery (Pivot & Felip, 2008). However, despite such radical
therapy leading to the loss of natural speech function and impairment of swallowing ability
with a consequent negative impact on the quality of life, cure rates for advanced disease
remained low with reported 5-year survival rates varying between 20% and 50%
(Beauvillain et al., 1997; Hoffman et al., 1998; Johansen et al., 2000; Kim et al., 2004; Lajtmam
& Manestar, 2001).
The confirmed negative influence of high-risk pathological features represented by surgical
margins microscopically involved, extracapsular extension in positive lymph node, two or
more positive lymph nodes, vascular embolism and perineural infiltration on patients
outcome following surgery and postoperative radiotherapy (Ang et al., 2001), emerged the
need for investigation of different treatment approaches including concomitant use of
chemotherapy. Two similar, large-scale, postoperative randomised independent trials
designed by the EORTC and RTOG were conducted to evaluate the role of high dose
concurrent chemoradiotherapy in the postoperative treatment of high risk head and neck
tumours (Bernier et al., 2004; Cooper et al., 2004). Both trials evaluated the role of
concomitant cisplatin given every 3 weeks (100 mg/m2 on days 1, 22, 43) during
radiotherapy course (Table 2). Retrospective analysis of data from both trials, revealed that
extracapsular extension of nodal disease and/or microscopically involved surgical margins
were the only risk factors for which the impact of concurrent chemoradiotherapy was
significant in both trials (Bernier & Cooper, 2005). In 2004, National Cancer Institute (NCI)
level I evidence for recommendation was established, because both studies demonstrated
that adjuvant concurrent chemoradiotherapy was more efficacious with respect to
radiotherapy alone in terms of locoregional control and disease-free survival (Bernier &
Cooper, 2005). Currently, concurrent chemoradiotherapy with single agent platinum should
be the gold standard for those patients found at surgery to have high-risk features
(extracapsular extension and positive margins of resection) (Pivot et al., 2008).
Based on the assumption that surgery may be a trigger of accelerated proliferation of
remaining tumour cells, two phase III trials conducted to investigate the role of accelerated
fractionation in the postoperative setting compared to conventionally fractionated
postoperative radiotherapy (Ang et al., 2001; Sanguineti et al., 2005) failed to demonstrate
any significant improvement of locoregional control and survival with accelerated
postoperative radiotherapy. However, when in a phase III trial a weekendless continuous
accelerated hyperfractionation postoperative radiotherapy (CHARTWEL) was employed in
advanced squamous cell carcinoma of the oral cavity, larynx and hypopharynx who
underwent radical surgery, the overall treatment time was shortened to only 12 days
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compared with conventionally fractionated radiotherapy (Awwad et al., 2002). The data
from this trial revealed significantly better 3-year locoregional control rate in the accelerated
fractionation group than in the conventional fractionation group (88% and 57%,
respectively) suggesting that accelerated proliferation could be considered an important
determinant of treatment outcome.
Trial
Bernier et al. (Bernier
et al., 2004),
(EORTC 22931)
Experimental arm:
Control arm:
Cooper et al. (Cooper
et al., 2004),
(RTOG 9501)
Experimental arm:
Control arm:

DFS

OS

LRFR

(5-year estimates)

(5-year estimates)

(5-year estimates)

47% (p=0.04)
36%

53% (p=0.02)
40%

17% (p=0.007)
31%

(2-year estimates)

(2-year estimates)

(2-year estimates)

54% (p=0.04)
45%

64% (p=0.19)
57%

18% (p=0.01)
28%

EORTC: European Organization for Research and Treatment of Cancer; DFS: disease-free survival; OS:
overall survival; LRFR: locoregional failure rate; RTOG, Radiation Therapy Oncology Group

Table 2. Comparative analysis of treatment outcome in EORTC trial 22931 and RTOG trial
9501
6.3 Definitive treatment for anatomic and functional organ preservation in locallyregionally advanced resectable lesions
Primary definitive therapy in patients with advanced resectable hypopharyngeal cancers
requiring total laryngectomy and partial or total pharyngectomy can also be realised with
treatment modalities allowing organ preservation. Strategies employed to increase
locoregional control and survival attempting at the same time to achieve anatomic and
functional organ preservation include concurrent chemoradiotherapy, altered fractionation
radiotherapy, intensified radiotherapy regimens in combination with chemotherapy,
induction chemotherapy followed by radiotherapy, and targeted therapy using cetuximab.
Concurrent drug-enhanced radiotherapy i.e. concurrent chemoradiotherapy (in relatively
healthy patients) and altered fractionation radiation regimens (in relatively unfit patients),
are considered best established as organ preservation approaches for cancers arising from
hypopharynx and other sites in the head and neck region (Adelstein et al., 2000; Forastiere et
al., 2001a; Fu et al., 2000; Koch et al., 1995; Pignon et al., 2000).
6.3.1 Concurrent chemoradiotherapy
Concurrent chemoradiotherapy as definitive treatment for advanced head and neck cancers
including those arising from the hypopharynx has been studied in the past 15 years.
However, due to the low incidence, hypopharyngeal cancers grouped with other head and
neck cancers usually represented only smaller subgroups with details of their treatment
being rarely specifically reported (Tai et al., 2008; Robson, 2002). The rarity of this disease,
and the time needed for data collection could be accepted as an explanation for the absence
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of multicenter randomised clinical trials undertaken to evaluate the role of concurrent
chemoradiotherapy in the treatment of advanced hypopharyngeal cancer. In 1990 Sanchiz
et al. (Sanchiz et al., 1990) reported the results of a prospective randomised trial on 859
patients with advanced head and neck cancer including those having hypopharynx as a
primary site. Patients were randomly assigned to receive conventionally fractionated
radiotherapy, radiotherapy with standard fractionation with concomitant use of 5fluorouracil or hyperfractionated radiotherapy. Significant improvement in survival
compared with the group treated with conventional fractionation was obtained in groups
treated either with concurrent chemoradiotherapy or altered fractionation (Table 3).
Adelstein et al. (Adelstein et al., 2000) reported a single institution trial that enrolled 100
patients with stages III and IV squamous cell head and neck carcinoma. Patients were
randomly assigned to receive conventionally fractionated radiotherapy alone or with
concurrent chemotherapy consisting of two cycles of cisplatin and 5-fluorouracil. Planned
neck dissection was encountered for patients with N2 and N3 disease. A significant
improvement in the rates of local control (77% vs. 45%, p < 0.001), distant metastasis-free
survival (84% vs. 75%, p = 0.09), and 5-year recurrence-free survival (62% vs. 51%, p =
0.04) was obtained with concurrent chemoradiotherapy (Table 3). The superiority of
concurrent chemoradiotherapy in the improvement of overall survival in patients with
advanced head and neck cancer has been confirmed in several meta-analyses (Browman et
al., 2001; El-Sayed & Nelson, 1996; Munro, 1995; Pignon et al., 2000). The results of metaanalysis reported by Munro (Munro, 1995), and the results of meta-analysis of El-Sayed
and Nelson (El-Sayed & Nelson, 1996) showed a statistically significant improvement in
survival for chemotherapy given concurrently with radiotherapy. The largest metaanalysis performed by the Meta-Analysis of Chemotherapy on Head and Neck Cancer
(MACH-NC) Collaborative Group and published by Pignon et al. (Pignon et al., 2000) in
2000, evaluated individual patient data from 63 randomised trials excluding trials on
nasopharyngeal carcinoma. This meta-analysis confirmed the superiority of the overall
use of chemotherapy with 5% improvement in 5-year overall survival with highest
increase in survival with use of concurrent chemoradiotherapy (8% at 5-years; p < 0.0001).
There was also an evident benefit when cisplatin was used in the combined approach. In
patients over 70 years the benefit was less evident. In the updated meta-analysis
published in 2004 (Bourhis et al., 2004), 24 new trials, most of them on concurrent
chemoradiotherapy, were included totalising 87 trials and 16,000 patients. The update
confirmed survival benefit of 8% at 5 years (p < 0.0001) of concurrent chemoradiotherapy.
This updated analysis also confirmed the higher magnitude of the benefit for platinumbased chemotherapy. A decreasing effect of chemotherapy with age was also shown (p =
0.01). The overall survival gain was better for concurrent chemoradiotherapy with altered
fractionation compared with concurrent chemoradiotherapy with conventional
fractionation, indicating that alteration of fractionation might boost the effect of
chemoradiotherapy. In the meta-analysis conducted by Browman et al. (Browman et al.,
2001), only platinum-based chemotherapy given concomitantly with radiotherapy was
found highly significant in overall survival improvement (p < 0.0001). The German metaanalysis suggested that, considering only concurrent chemoradiotherapy without
prolonged overall treatment time, an absolute survival gain of 13% to 15% at 2 years with
respect to conventional radiotherapy can be obtained (Budach et al., 2006). The extensive
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research of the influence of the addition of chemotherapy to radiotherapy on overall
survival resulted in confirmation that only concurrent chemoradiotherapy as definitive
treatment for patients with locoregionally advanced head and neck cancer including those
with advanced hypopharyngeal cancer has succeeded to improve outcomes. Thus,
evidence based medicine has shown that concurrent chemoradiotherapy without
prolongation of overall treatment time and including cisplatin only or cisplatin-5fluorouracil should be considered the treatment of choice for patients who fit
chemotherapy (National Cancer Institute [NCI] level 1 of evidence supporting
recommendation) (Corvo, 2007).
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Nh: number of patients with hypopharyngeal cancer; fx: fraction, d: day, wk: per week; 5-FU: 5fluorouracil; i.v.: intravenously; OS: overall survival; n.s.: not significant; RT: radiotherapy; LRC:
locoregional control; RFS: recurrence-free survival; DMFS: distant metastases-free survival; DSS:
disease-specific survival; LV: leucovorin; LRPFS: locoregional progression-free survival; PFS:
progression-free survival; SLC: survival with local control

Table 3. Randomised studies comparing concurrent chemoradiotherapy with radiotherapy
alone in patients with advanced head and neck cancer
Regarding the question about the number of drugs that can be added to radiotherapy and
the timing of drug delivery once must be admitted that the optimum regimen is not yet
known. The most common method used was delivery of drugs every 3 weeks (Adelstein et
al., 1997; Adelstein et al., 2000) with the most frequently used regimen being the one
proposed by Adelstein et al. (Adelstein et al., 2003) based on three courses of cisplatin every
3 weeks (100 mg/m2 on days 1, 22, and 43) (Table 3). Weekly (Gupta et al., 2009b), or daily
(Jeremic et al., 1997; Jeremic et al., 2000) administration of single-agent cisplatin has been
also studied. According to the results of the meta-analysis of the MACH-NC Collaborative
Group, platinum-based chemotherapy was more effective than non-platinum containing
regimens, but multiagent therapy was not better than single agent. The superiority of
platinum-based chemotherapy has been also confirmed in the meta-analysis of Browman et
al. (Browman et al., 2001). According to Pignon et al. (Pignon et al., 2005), clinical benefit
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might be obtained even with a total dose of cisplatin of only 200 mg given in different
timing concurrently with radiotherapy. Preliminary results from Radiation Therapy
Oncology Group (RTOG) 97-03 three-arm randomised phase II trial enrolling patients with
stage III or IV squamous carcinoma of the oral cavity, oropharynx, or hypopharynx revealed
that concurrent radiotherapy and two-drug chemotherapy using either paclitaxel plus
cisplatin, 5-fluorouracil plus cisplatin, or hyroxiurea plus 5-fluorouracil was feasible
(Garden et al., 2004a). However, there was no phase III trial performed to show taxanebased concurrent chemoradiotherapy to be superior to radiotherapy alone, and no
randomised trial has demonstrated a taxane, either as a single agent or in combination with
other drugs to be superior to single-agent, platinum-based concurrent chemoradiotherapy.
6.3.2 Altered fractionation radiotherapy
Another approach focused on improvement of locoregional control and organ preservation
in patients with locally advanced head and neck cancer was the investigation of
modification of conventionally fractionated radiotherapy. Two prototypes of altered
radiation fractionation regimens (hyperfractionation and accelerated fractionation) have
been tested in retrospective and randomised trials for the last three decades. Promising
improvements in locoregional control with the use of altered fractionated radiation
schedules in the treatment of advanced head and cancer were demonstrated in several
single-institution studies (Parsons et al., 1993; Wang et al., 1985). On the contrary, a
retrospective study of Garden et al (Garden et al., 1995) did non reveal statistically
significant differences in local control rates and survival rates between patients with
carcinoma of the larynx or hypopharynx treated with conventional fractionation and those
irradiated with hyperfractionation. However, only small number of studies referred on the
role of altered fractionation exclusively in patients with advanced hypopharyngeal cancer.
In one of those studies in which conventional radiotherapy was compared with
hyperfractionated radiotherapy, multivariate analysis showed that twice-daily fractionation
was the most important treatment-related variable in patients with squamous cell carcinoma
of the pharyngeal wall (Fein et al., 1993). Retrospectively analising the results of definitive
radiotherapy in patients with hypopharyngeal cancer, Antognoni et al (Antognoni et al.,
1991) did not show any impact of fractionation regimen on patients outcome. On the
contrary, in the retrospective study on 52 patients with hypopharyngeal carcinoma,
significantly better 5-year survival rate was obtained with accelerated hyperfractionation
(44%) than with conventional fractionation (12%) (Akimoto et al., 1996).
The largest prospective randomised trial undertaken to compare standard fractionation
radiotherapy against hyperfractionation and accelerated fractionation with split course and
accelerated radiotherapy with concomitant boost in the management of patients with
advanced head and neck squamous cell carcinoma was RTOG trial 9003 (Fu et al., 2000). The
results of this four-arm trial of 1073 patients with locally advanced head and neck cancer,
showed that the locoregional control was significantly increased by increase of the total dose
without changing the overall time using hyperfractionation (2-year locoregional control
54.4% with hyperfractionation vs. 46% with conventional fractionation, p = 0.045) without
increase in overall survival. The results also revealed that accelerated fractionation with
concomitant boost yielded a significantly better locoregional control than standard
radiotherapy (2-year locoregional control 54.5% with accelerated fractionation with
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concomitant boost vs. 46% with conventional fractionation, p = 0.05) and a trend toward
improved disease-free survival (2-year disease-free survival 39% with accelerated
fractionation with concomitant boost vs. 32% with conventional fractionation, p = 0.054).
Concerning the treatment related toxicity, hyperfractionation induced more severe acute
mucositis compared to the conventional fractionation arm, and accelerated fractionation
with concomitant boost-arm had significantly higher grade 3 or worse acute side effects (p <
0.0001) and significantly increased grade 3 or worse late side effects (p < 0.011). It should be
pointed out that this most important randomised trial was not site specific to the
hypopharynx. Results of recently published randomised controlled clinical study of
accelerated fractionation performed by the national Swedish group including 750 patients
with squamous cell carcinoma of the oral cavity, oropharynx, larynx and hypopharynx did
not prove that accelerated radiotherapy was more efficacious compared with conventional
radiotherapy in terms of both locoregional control and overall survival (Zackrisson et al.,
2011). This randomised trial was also not site specific to the hypopharynx.
Meta-analysis undertaken by Meta-Analysis of Radiotherapy in Carcinomas of the Head
and Neck (MARCH) Collaborative Group (Bourhis et al., 2006) and aimed to assess whether
different types of altered fractionated radiotherapy in head and neck squamous cell
carcinoma could improve survival compared with conventional radiotherapy, included
findings of 15 trials with 6,515 patients. This meta-analysis of updated individual patient
data showed an improvement of 6.4% of locoregional control (from 46% to 53%, p < 0.0001),
and an improvement of 3.4% of overall survival (from 36% to 39%, p < 0.03) with altered
fractionation. The benefit in overall survival was significantly higher with
hyperfractionation regimen (8% at 5 years) than with accelerated radiotherapy. The
advantage of hyperfractionation was also confirmed in the German meta-analysis by
Budach et al (Budach et al., 2006). The findings of this meta-analysis based on published
data suggested that, among different types of altered radiotherapy, hyperfractionation
obtained better 2-year overall survival than conventional radiotherapy with a significant
benefit of 12 months (p < 0.001). According to the results of randomised trials exploring
altered fractionation regimens and considering the results of the two meta-analyses,
evidence based medicine showed that acceleration of radiation of one week without dose
reduction and hyperfractionation are consistently better than conventional fractionation for
locoregional control of intermediate to advanced carcinomas without an increase in late
toxic effects (National Cancer Institute [NCI] level 1 of evidence supporting
recommendation).
6.3.3 Intensified radiotherapy regimens in combination with chemotherapy
Altered fractionated radiotherapy with concurrent chemotherapy has been also evaluated.
In a phase II study at a single institution conducted by Prades et al. (Prades et al., 2002),
there were no statistically significant differences observed in overall and disease-free
survival between patients with pyriform sinus cancer treated with accelerated radiotherapy
alone and those treated with intensified concurrent chemoradiotherapy. In a single
institution phase II trial exploring organ preservation using split hyperfractionated
accelerated radiation therapy and concomitant cisplatin in patients with advanced cancer of
the larynx and hypopharynx, De la Vega et al. (De la Vega et al., 2003) found organ
preservation possible in 44% of patients. The encouraging results of RTOG phase II trial 9914 conducted to evaluate the accelerated radiotherapy using concomitant boost combined
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with two cycles of concurrent cisplatin in patients with stage III and IV squamous cell
carcinoma of the oral cavity, oropharynx, hypopharynx, or larynx (Ang et al., 2005)
suggesting that intensified radiotherapy regimens could be combined safely with
chemotherapy motivated a phase III trial (RTOG H0129) predicted to determine whether
accelerated fractionation using concomitant boost plus cisplatin can lead to better results
compared with conventionally fractionated radiotherapy in combination with concurrent
use of cisplatin.
Several randomised trials exploring intensified radiotherapy regimens in combination with
chemotherapy in advanced head and neck cancer included patients with hypopharyngeal
cancer (Brizel et al., 1998; Budach et al., 2005; Huguenin et al., 2004; 2004; Jeremic et al., 2000;
Staar et al., 2001; Wendt et al., 1998) (Table 3). In a single institution study reported by Brizel
et al. (Brizel et al., 1998) better locoregional control was achieved by concurrent
chemoradiotherapy without any improvement in overall survival (Table 3). Wendt et al.
(Wendt et al. 1998) reporting the results of a regimen consisting of split-course altered
fractionation plus chemotherapy concluded that concurrent chemoradiotherapy offered
significantly improved 3-year locoregional control and overall survival rate with acute
reactions more pronounced in the concurrent chemoradiotherapy arm (Table 3). In a study
of hyperfractionation, Jeremic et al. (Jeremic et al., 2000) reported a significant improvement
in 3-year locoregional control, overall survival and distant-metastases-free survival with
hyperfractionated radiotherapy and concurrent low-dose daily cisplatin as compared with
hyperfractionation alone (Table 3). The reported frequency of acute mucositis and late
complications were similar in both arms. The improvement of therapeutic index of
hyperfractionated radiotherapy by concomitant cisplatin has been also confirmed in the
randomised trial conducted by Huguenin et al. (Huguenin et al., 2004). In the multicentric
randomised German trial conducted by German Cooperative Group (Staar et al., 2001), a
concomitant boost accelerated fractionation alone was compared with the same
radiotherapy regimen plus carboplatin and 5-fluorouracil (Table 3). The authors concluded
that the efficiency of intensified concurrent chemoradiotherapy was less then expected when
compared to radiotherapy alone. Updated results of this trial have shown no improvement
in locoregional failure-free survival and overall survival among patients with
hypopharyngeal cancer treated with intensified regimen (Semrau et al., 2006). Reporting
final results of a prospective randomised study in locally advanced head and neck cancer
comparing concurrent 5-fluorouracil and mitomycin chemotherapy and hyperfractionated
accelerated radiotherapy to hyperfractionated accelerated radiotherapy alone, Budach et al.
(Budach et al., 2005) have shown a locoregional control and survival benefit when
altered fractionation in combination with chemotherapy was used without any efficacy
benefit revealed in patients with advanced hypopharyngeal cancer (Table 3). It must be
emphasized that in patients with advanced cancer of the hypopharynx intensified
radiotherapy regimens in combination with chemotherapy currently do not represent a
routinely recommended treatment.
6.3.4 Adjuvant neck dissection following concurrent chemoradiotherapy
General consensus exists that adjuvant neck dissection is not necessary for patients with N1
disease who have complete response to concurrent chemoradiotherapy in the neck.
Although it has been shown that concurrent chemoradiotherapy provided good regional
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control even in patients with advanced N-stage disease, there was an increased risk of
residual disease observed with the increased stage of nodal disease (Boyd et al., 1998) with
residual tumour found in approximately one third of the surgical specimens when treatment
included planned neck dissection following chemoradiotherapy (Haraf et al., 1991;
Sanguineti et al., 1999). Randomised studies addressing the question of best approach for
patients who achieved a clinical complete response after concurrent chemoradiotherapy for
initial N2 or N3 disease are lacking. Although regional control remained higher with
adjuvant neck dissection following hyperfractionated or accelerated radiotherapy regimens
(Mendenhall et al., 2002) the role of adjuvant neck dissection following concurrent
chemoradiotherapy for patients with N2 or N3 disease is controversial (Brizel et al., 2004;
Grabenbauer et al., 2003). Current recommendations range from planned neck dissection for
all patients with pretreatment N2 or N3 disease to neck dissection only in patients with
radiographic or clinical evidence of residual disease. Adjuvant neck dissection should be
performed 6 to 10 weeks after completion of concurrent chemoradiotherapy. The avoidance
of expected increased treatment related morbidity should be obtained by performing
modified or selective dissections with removal of nodes only from levels II-IV.
6.3.5 Induction chemotherapy
Several studies were performed to evaluate the role of induction chemotherapy followed by
definitive radiotherapy in obtaining functional organ preservation in advanced resectable
hypopharyngeal cancer. The general approach was that patients were given two to three
cycles of induction chemotherapy followed by definitive radiotherapy, with surgery
reserved for nonresponse to induction chemotherapy, persistent disease after radiation, or
relapse. Results of retrospective studies on patients with resectable, locally advanced
hypopharyngeal cancers requiring total laryngectomy treated with one to three cycles of
induction cisplatin-based chemotherapy followed by definitive radiotherapy in the presence
of complete or partial response to chemotherapy at the primary site have shown a rate of
larynx preservation ranging between 32% and 52% (Kim et al., 1998; Kraus et al., 1994;
Zelefsky et al., 1996). Comparing results regarding locoregional control, disease-free
survival, and overall survival achieved with this treatment approach with results obtained
with surgery and postoperative radiotherapy in patients with similarly staged disease, it has
been suggested that induction chemotherapy followed by definitive radiotherapy could be
considered an effective strategy to achieve organ preservation without compromising
survival in patients with advanced cancer of the hypopharynx (Kim et al., 1998).
There were few randomised phase III studies conducted on patients with hypopharyngeal
cancers eligible only for total laryngectomy with partial pharyngectomy, comparing surgery
and postoperative radiotherapy with two or three cycles of induction cisplatin/5fluorouracil chemotherapy followed by radiotherapy in clinically complete responders, or
total laryngectomy for those who had not a complete response (Lefebvre et al., 1996), or
induction chemotherapy plus radiotherapy with induction chemotherapy plus surgery plus
radiotherapy (Beauvillain et al., 1997), or induction chemotherapy followed by radiotherapy
with concurrent chemoradiotherapy (Prades et al., 2010). In the randomised phase III study
24891 conducted by EORTC, survival did not differ between treatment groups and
functional larynx was retained in 50% of the survivors in the chemoradiotherapy group
(Lefebvre et al., 1996). The results from this trial were confirmed by its long term evaluation
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(Lefebvre et al., 2004). In the French randomised trial conducted by Beauvillian et al.
(Beauvillain et al., 1997), statistically improved 5-year local control and overall survival was
found in patients treated with induction chemotherapy followed by total
laryngopharyngectomy and postoperative radiotherapy. Larynx preservation was obtained
in 38% of patients treated with induction chemotherapy followed by definitive
radiotherapy. Nevertheless, several meta-analyses have failed to demonstrate any
significant improvement in survival after induction chemotherapy followed by radiotherapy
(Browman, 1994; El-Sayed & Nelson, 1996; Pignon et al., 2000). The largest and most
detailed of these, the meta-analysis of the MACH-NC Collaborative Group, analysed data
from 31 trials of induction chemotherapy with more than 5,200 patients enrolled, and
reported 2% 5-year improvement in overall survival being statistically nonsignificant
(p = 0.38) (Pignon et al., 2000).
The renewed interest in induction chemotherapy arisen from data showing treatment failure
due to the development of distant metastases in 1 of 5 patients with stage III-IV head and
neck cancer treated with multimodality approaches including concurrent
chemoradiotherapy (Bernier & Bentzen, 2003) led to the evaluation of the use of both
induction chemotherapy and concurrent chemoradiotherapy in a sequential approach
supposed to provide optimal benefit for this patients category. In the light of emerged need
to improve overall treatment outcome in patients with locoregionally advanced head and
neck cancer, the results of sequential therapy could be considered especially important for
patients with advanced cancers of the hypopharynx because this primary site has been
found to be an independent predictor for distant metastases development (Adelstein et al.,
2006a). Both randomised phase III studies performed to evaluate sequential therapy with
induction chemotherapy, the TAX 324 study (Posner et al., 2007) and the study conducted
by the investigators in Madrid (Hitt et al., 2005) confirmed the benefit of induction
chemotherapy using a triplet combination including taxane followed by concurrent
chemoradiotherapy. However, there would be no level 1 of evidence data showing the
superiority of induction chemotherapy followed by concurrent chemoradiotherapy over
concurrent chemoradiotherapy until ongoing randomised, phase III trials comparing
sequential therapy versus concurrent chemoradiotherapy complete (Adelstein et al., 2006b;
Posner, 2005).
6.3.6 Targeted therapy with cetuximab
Based upon the evidence of increased levels of Epidermal Growth Factor Receptor (EGFR)
expression in the majority of head and neck cancer, and the associated poor outcome with
its presence (Chung et al., 2006), the addition of molecular targeted therapies in head and
neck cancer was assumed as another potential method offering further improve outcome. A
large international multicenter randomised phase III clinical study was performed in which
radiotherapy alone was compared with radiotherapy plus weekly cetuximab at an initial
dose of 400 mg/m2 followed by 250 mg/m2 weekly for the duration of radiotherapy in
patients with stage III-IV cancer of the oropharynx, larynx or hypopharynx (Bonner et al.,
2006). In this study, radiotherapy was delivered either with conventional fractionation or
with altered fractionation (hyperfractionation or concomitant boost accelerated
radiotherapy). The median survival, and the observed rates of locoregional control and
overall survival at 3 years were significantly higher in patients treated with radiotherapy
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plus cetuximab than those in patients treated with radiotherapy alone. However, the
median duration of overall survival for patients with hypopharyngeal cancer was equal in
both treatment groups. Reporting the 5-year survival data from this study, Bonner et al.
(Bonner et al., 2010) showed significantly improved overall survival at 5 years for patients
treated with cetuximab and radiotherapy compared with that achieved in the radiotherapyalone group. The results from this prospective randomised trial support the superiority of
concurrent targeted antibody enhanced radiotherapy over radiotherapy alone for advanced
disease (NCI level of evidence Iii A for a single phase III trial, level 2 for recommendation).
It has been suggested that it is reasonable to consider this regimen of radiotherapy plus
cetuximab in patients with coexisting medical conditions and poor performance status who
are not good candidates for concurrent chemoradiotherapy or surgery (Garden et al., 2004b;
Seiwert & Cohen, 2005).
6.4 Unresectable M0 disease
The published guidelines by the National Comprehensive Cancer Network (NCCN) for
technical unresectability criteria including evidence for direct invasion of cervical vertebrae
or brachial plexus and direct involvement of deep muscles of the neck or carotid artery,
provided a general framework to clearly define tumours being unresectable if anatomic
considerations make it unlikely that all gross tumour can be removed or that local control
can be achieved after resection even with the addition of postoperative radiotherapy
(Forastiere et al., 2005). Patients presenting with unresectable hypopharyngeal cancer
without evidence of distant metastases may be considered appropriate for localised and
systemic treatment. However, historically speaking, conventionally fractionated
radiotherapy offering low probability of cure was considered palliative when used as a
single treatment modality in patients with unresectable disease. In order to improve
locoregional control and to influence on prolongation of survival, the integration of
chemotherapy with radiotherapy has been used as multimodality treatment approach for
unresectable disease (Vokes & Weichselbaum, 1990). Induction chemotherapy with rare
exception has not been shown to improve survival in patients with unresectable disease. A
benefit from induction chemotherapy in term of overall survival has been suggested in the
subset analysis of inoperable patients in the large study by Paccagnella et al. (Paccagnella et
al., 1994). The subset analysis of the updated results for overall survival after a minimum
follow-up of 10 years reported by Zorat et al. (Zorat et al., 2004) showed that among
inoperable patients, there was a statistically significant better survival observed in the
induction chemotherapy group compared to patients who did not receive induction
chemotherapy. The EORTC 24971/TAX 323, a phase III study of 358 patients with
unresectable locoregionally advanced head and neck cancer showed that the addition of
docetaxel to cisplatin and 5-fluorouracil for induction and given before radiotherapy
improved both progression-free and overall survival with less toxicity compared to cisplatin
and 5-fluorouracil induction chemotherapy (Vermorken et al., 2007). Analysing the results
of EORTC 24971/TAX 323 study in terms of symptom control and quality of life, Van
Herpen et al. (Van Herpen et al., 2010) revealed that induction chemotherapy with docetaxel,
cisplatin and 5-fluorouracil followed by definitive radiotherapy not only improved survival
and reduced toxicity compared with cisplatin plus 5-fluorouracil based induction
chemotherapy, but also had a substantial impact on improvement of quality of life in
patients with unresectable locoregionally advanced disease. Randomised phase II studies
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comparing concurrent cisplatin-based chemoradiotherapy and induction chemotherapy
followed by definitive radiotherapy in patients with unresectable head and neck cancer did
not reveal any statistically significant difference in the overall survival between treatment
groups, but taking into account the similar activity of two treatment schedules and the
better compliance associated with the concurrent treatment, authors suggested that
concurrent chemoradiotherapy might be considered an option in this patients category
(Pinnaro et al., 1994; Taylor et al., 1994). In the Intergroup phase III study of Southwest
Oncology Group (SWOG) and Eastern Cooperative Oncology Group (ECOG) for locally
advanced and unresectable head and neck cancer, statistically significant difference in
favour of concurrent chemoradiotherapy was observed only between cisplatin plus
radiotherapy and radiotherapy alone (Adelstein et al., 2003). However, although
randomised phase III trials comparing radiotherapy alone to concurrent chemoradiotherapy
in advanced head and neck cancer were not specific for unresectable disease and
hypopharyngeal primaries, the consistent improvement in locoregional control and survival
obtained with concurrent chemoradiotherapy as well as the small, but consistent statistically
significant benefit of this treatment modality revealed in the meta-analyses (Bourhis et al.,
2004; Pignon et al., 2000) led to recommendation supporting radiotherapy and concurrent
cisplatin-based chemoradiotherapy as standard treatment for patients with unresectable
hypopharyngeal cancers. Recently reported definitive results of a phase III prospective
multicenter randomised study conducted in Italy in which 164 patients with unresectable
head and neck cancer were randomised to receive radiotherapy alone or combined with
daily low-dose carboplatin showed statistically significant improvement in 3, 5 and 10-year
overall survival rates in the group treated with concurrent chemoradiotherapy (Ruo Redda
et al., 2010). In the absence of conclusive arguments supporting exact schedule of cisplatin
administration, a nonrandomised study was conducted to compare two courses cisplatin or
two courses of cisplatin plus 5-fluorouracil in 128 patients with locally advanced
unresectable head and neck cancer. The results showed that two courses of fractionated
cisplatin were accompanied with less acute toxicity whereas similar outcome and incidence
of late toxicities were observed with both chemotherapy schedules (Tribius et al., 2009). The
use of altered fractionation regimes in the management of unresectable, locoregionally
advanced head and neck cancer have also been a part of an intensive clinical research
focused on the improvement of locoregional control and overall survival. Based on the
results of a large non–site-specific randomised RTOG 90-03 trial demonstrating an
improvement in local control with accelerated fractionation using concomitant boost and
hyperfractionated radiotherapy compared with conventional fractionation (Fu et al., 2000),
and in accordance with the assessment of MARCH Collaborative Group (Bourhis et al.,
2006) showing statistically significant improvement in locoregional control and an
improvement in overall survival achieved with the use of accelerated radiotherapy, and
especially with hyperfractionated radiotherapy, altered fractionation has been
recommended as an alternative to concurrent chemoradiotherapy in patients with
unresectable head and neck cancer. Nevertheless, both concurrent chemoradiotherapy and
altered fractionation are accompanied with increased rates of acute and late toxicity.
Intensified radiotherapy regimens in combination with chemotherapy are not routinely
recommended in patients with unresectable head and neck cancer. A TAX 324 randomised
phase III trial (Posner et al., 2007) demonstrated significant advantage of cisplatin/5-
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fluorouracil/docetaxel induction chemotherapy followed by concurrent platinum based
chemoradiotherapy in patients with advanced or unresectable head and neck disease
including patients with hypopharyngeal cancer. However, despite the encouraging results
observed with sequential therapy incorporating taxane in the induction chemotherapy
setting, because of the lack of published data from phase III trials comparing induction
chemotherapy followed by concurrent chemoradiotherapy with the standard treatment of
concurrent chemoradiotherapy alone, this treatment approach in patients with unresectable
hypopharyngeal cancer remains investigational. Besides induction chemotherapy followed
by concurrent chemoradiotherapy, targeted therapy with cetuximab, tyrosine kinase
inhibitor drugs, and the association of cetuximab with cisplatin-based concurrent
chemoradiotherapy, also represent treatment approaches whose role in the management of
unresectable hypopharyngeal cancer is yet to be established.
6.5 Radiation techniques
6.5.1 Two-dimensional (2D) radiotherapy
In conventional 2D radiotherapy, treatment setup is customized using conventional
simulator and the placement of the radiation fields and their shapes are based on the bony
anatomy acquired by the simulator diagnostic-quality films. A shrinking field technique
initiating with opposed pair of lateral fields and a low anterior field covering the
postoperative bed in patients treated with postoperative radiotherapy, or the primary
tumour and clinically positive neck nodes in patients treated with definitive radiotherapy,
and subclinical disease in the neck nodes including node levels in accordance with the nodal
status and the subsite and the extension of the primary tumour is used (see section 6.1.3).
6.5.2 Three-dimensional (3D) conformal radiotherapy
In 3D conformal radiotherapy, treatment planning CT scans are required to define and
delineate gross tumour volumes (GTVs), and clinical target volumes (CTVs). Determination
of postoperative treatment volumes (CTVs) is based on preoperative staging results,
pathologic review of surgical specimens, operative findings, and postoperative clinical
assessment (see section 6.1.3). In definitive radiotherapy, the GTV of the primary tumour
and the metastatic lymph nodes is defined as any visible tumour and the gross nodal
disease revealed on imaging studies and/or physical examination. The CTV encompasses
the GTV plus a margin around the tumour for the potential microscopic extension of the
disease according to anatomical barriers, and also includes node levels in the neck according
to the nodal status as well as the subsite of the primary tumour (see section 6.1.3). The
planning target volumes (PTVs) are obtained by adding a margin of 0.5 cm around the
adequate CTVs. The definition of contoured volumes and organs of risk is as recommended
by International Commission on Radiation Units and Measurements (ICRU) Report 62
(International Commission on Radiation Units and Measurements [ICRU] Report 62, 1999).
Delineation of the neck lymph node levels should be realised according to DAHANCA,
EORTC, GORTEC, NCIC, RTOG consensus guidelines (Gregoire et al., 2003) and proposals
for the delineation of the nodal clinical target volume in the node positive and the
postoperative neck (Gregoire et al., 2006) (Fig. 1 a-b).
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a

b

Fig. 1. a-b. Sagital view of contoured clinical target volumes for elective neck nodal
irradiation. a. Clinical target volume encompassing levels II, III, IV, and IV in patient with
hypopharyngeal cancer arising from pyriform sinus apex with clinically negative neck. b.
Clinical target volume encompassing levels I, II, III, IV, V, IV, retropharyngeal nodes and
retrostyloid space in patient with hypopharyngeal cancer with esophageal extension and
positive neck nodes in level II determined in the surgical specimen following neck
dissection.
6.5.3 Intensity modulated radiotherapy (IMRT)
Clinical data evaluating the efficacy of IMRT for cancers of the hypopharynx are scarce, and
the suggestions for satisfactory disease control come from small single-institution series
with relatively short follow-up (Daly et al., 2011; Studer et al., 2006; Studer et al., 2010).
Although prospective studies evaluating the efficacy and toxicity profile of IMRT to the
hypopharynx are needed, IMRT techniques can be used to cover equivalent volumes of
concern for hypopharyngeal cancers that involve the posterior pharyngeal wall, and for
those primary tumours or metastatic lymphadenopathy that extending posterolaterally
would overlie the spinal cord. The GTV is defined as all known gross disease determined
from CT, MRI, clinical information, and endoscopic findings including abnormal lymph
nodes identified on CT. The CTV1 is defined as the GTV with a 0.5-2 cm margin on primary
and or nodal GTV (depending on the presence or absence of anatomic boundaries to
microscopic spread). The CTV2 refers on the elective neck irradiation and includes the
uninvolved neck lymph nodes. Final treatment target volumes include a PTV (GTV plus a
margin of 0.3 to 0.5 cm margin), a PTV1 (CTV1 plus a margin of 0.3 to 0.5 cm margin), and a
PTV2 (CTV2 plus a margin of 0.3 to 0.5 cm margin). Details about levels proposed for
elective irradiation in dependence of the subsite of the primary tumour as well as with the
nodal status are given in section 6.1.3.
6.5.4 Dose prescriptions
For small lesions (T1N0-1 and small T2N0), conventionally fractionated radiotherapy should
be realised with a fraction size of 2 Gy to a total dose of 66 to 70 Gy.
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For locally-regionally advanced lesions treated with concurrent chemoradiotherapy,
conventional fractionation should be used with a total dose of 70 Gy in 7 weeks with a daily
fraction of 2 Gy.
For locally-regionally advanced lesions treated with definitive radiotherapy using altered
fractionation regimens following options can be offered: hyperfractionated radiotherapy
with 79.2 Gy in 66 fractions over 6.5 weeks using 1.2 Gy per fraction twice a day, or
accelerated fractionation with concomitant boost delivering a total dose of 72 Gy in 6 weeks,
(1.8 Gy per fraction a day for the large field and 1.5 Gy boost as second daily fraction during
the last 12 treatment days).
For lesions treated with postoperative radiotherapy or postoperative concurrent
chemoradiotherapy, conventional fractionation with a total dose of 60 to 66 Gy at 2Gy per
fraction to the postoperative bed and high-risk areas should be used.
Elective neck irradiation to uninvolved nodal regions should be realised with a total dose of
50 Gy using 2 Gy per fraction.
If simultaneous integrated boost IMRT technique in 33 fractions is used, the recommended
dose to the planning target volume PTV (i.e., GTV with a margin) is ~ 70 Gy at 2.12 Gy per
fraction. The PTV1 will receive 59.4 Gy at 1.8 Gy per fraction, and PTV2 will receive 54 Gy at
1.64 Gy per fraction.
If simultaneous integrated boost IMRT technique in 35 fractions is used, the PTV (i.e., GTV
with a margin) will receive 70 Gy at 2 Gy per fraction, the PTV1 will receive 63 Gy at 1.8 Gy
per fraction, and PTV2 will receive 56 Gy at 1.6 Gy per fraction.
If sequential IMRT technique is used, two to three different separate dose plans are used
with initial lower dose phase (weeks 1-5) followed by high-dose boost volume phase (weeks
6 and 7).
If IMRT with concomitant boost schedule is used, the dose to subclinical targets is delivered
once daily for 6 weeks, and a separate boost plan as second daily treatment is used for the
last 12 treatment days.
6.5.5 Dose limitations
The maximum dose delivered to the spinal cord should range between 45 and 50 Gy. The
maximum dose given to the brain stem is limited at 54 Gy. Mandible maximum dose is
equal or less than 70 Gy. The mean dose to each parotid gland should be less than 26 Gy,
and if possible, the dose to 50% of the volume of each parotid gland should be kept equal to
or less than 20 Gy. The brachial plexus dose should be less than 60 Gy, and the dose to the
tracheotomies is limited to 50 Gy. It should be also recognised that dose of 70 Gy carries 5%
risk for laryngeal cartilage necrosis.

7. Treatment of recurrent and metastatic hypopharyngeal cancer
Surgery is the optimal therapy for patients with local and/or regional recurrence who were
previously treated with radiotherapy alone or in combination with chemotherapy. The
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reported successful salvage rate for local recurrence in hypopharyngeal cancer in the
retrospective study of Taki et al. (Taki et al., 2010) was 17%. In the randomised controlled
trial conducted at the Princess Margaret Hospital in Toronto, the overall survival rate at 3
years after surgery salvage for patients with recurrent laryngopharyngeal cancer treated
with primary radiotherapy was 22% (Davidson et al., 1997). Unfortunately, the vast majority
of recurrent hypopharyngeal tumours appear to be unsuitable for surgical intervention
because of their unresectibility mostly due to the presence of direct extension into the neck
including encasement of the carotid artery. Additionally, there is also a proportion of
recurrences that are technically resectable but could not be resected because of patient
comorbidities or patient refusal.
Radiotherapy with or without chemotherapy is the treatment of choice for patients initially
treated with surgery alone. Reirradiation as an approach appearing to be a treatment with
the most potential for cure in selected patients who previously underwent radiotherapy or
chemoradiotherapy remains to be investigational. The reported local control rates following
reirradiation for patients with recurrent head and neck cancer range between 13% and 42%,
and 5-year survival rates range from 13% in unselected to 93% in highly selected series
(Goldstein et al., 2008). However, the efficacy of reirradiation for hypopharyngeal cancer is
difficult to be evaluated because most of the data are coming from series of highly
heterogeneous patients.
The addition of concurrent chemotherapy to reirradiation in the management of recurrences
of head and neck cancer was a reasonable effort made to improve the results of treatment by
improving the efficacy of radiotherapy through the radiosensitising effects of chemotherapy.
Rates of overall survival at two years in multi-institutional trials of concurrent reirradiation
and chemotherapy conducted by RTOG ranged between 17% and 25% (Horwitz et al., 2005;
Spencer et al., 2001). Reirradiation alone and especially when combined with concurrent
chemotherapy is associated with potentially severe and life-threatening treatment-related
toxicities that occur in 9% to 32% of patients (Creak et al., 2005). Therefore, physicians,
making a decision for the management of recurrent unresectable hypopharyngeal cancer,
must be aware of the insufficient data confirming reirradiation as advocated standard of
care and must balance the potential risk of severe complications and quality-of-life issues
associated with reirradiation with only a small possibility for long-term survival.
For patients with recurrent, hypopharyngeal cancer who are not candidates for salvage
surgery or radiation treatment as well as for patients presenting with metastatic disease and
therefore not eligible for multimodality potentially curative treatment, chemotherapy, being
the historical palliative option, often represents the treatment of last resort. Generally aimed
at prolonging survival, and also at improving the quality of life by controlling existing
symptoms, and preventing of new cancer-related symptoms, chemotherapy, despite the use
of more aggressive combinations and the achievement of higher response rates, has not been
convincingly demonstrated to improve survival (Colevas, 2006). Further, despite the
palliative intent of chemotherapy in this patients category, there is infrequent assessment of
the correlation between tumour shrinkage and benefit such as symptom reduction, and
there are also no generated data to support a positive impact of chemotherapy on patients’
quality of life. Clinical studies focused on the evaluation of the role of chemotherapy in
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patients with incurable locoregionally recurrent or metastatic head and neck cancer are not
site specific. The best studied single agents are methotrexate, cisplatin, 5-fluorouracil and
the taxanes (paclitaxel and docetaxel). In general, the response rate of single-agent and
combination chemotherapy ranges between 10% and 40% (Colevas, 2006; Vokes & Choong,
2008). Various combinations of cytotoxic agents were compared in randomised clinical
trials. The review analysis of these trials confirming the demonstrated statistically
significant response superiority of combination versus monotherapy approaches has also
shown that cisplatin and 5-fluorouracil was the only combination with superior response
rate over single-agent chemotherapy without associated trend to a lower median survival
(Browman & Cronin, 1994). Treatment results achieved in randomised studies exploring the
role of different chemotherapy regimens in the treatment of recurrent or metastatic head
and neck cancer are summarised in Table 4. The utility of paclitaxel plus cisplatin in patients
with recurrent or metastatic head and neck cancer was defined in two randomised trials
conducted by the ECOG (Forastiere et al., 2001b; Gibson et al., 2005) (Table 4). In the
randomised study of Vermorken et al. (Vermorken et al., 2008) conducted to investigate the
efficacy of cetuximab plus platinum-based chemotherapy as first-line treatment in patients
with recurrent or metastatic head and neck cancer, the combination of platinum agent
(either cisplatin or carboplatin), 5-fluorouracil, and cetuximab has been shown to
significantly improve the median overall survival and progression-free survival as
compared with chemotherapy alone consisting of platinum agent and 5-fluorouracil (Table
4). Although there are many options for palliative chemotherapy in patients with recurrent
or metastatic head and neck cancer, treatment commencement should not ultimately follow
the documentation of recurrent disease or presence of distant metastases. However,
patients’ selection focused on relation between possible benefits of palliation and the risks of
treatment induced toxicity should represent more important procedure than the selection of
particular cytotoxic agents. Regimens in wide clinical use are: methotrexate given at 40 to 60
mg/m2 intravenously weekly; paclitaxel 80-100 mg/m2 given as 1-hour weekly infusion;
docetaxel given intravenously at 75-100 mg/m2 over 1 hour every 21 days; cisplatin-5fluorouracil combination with cisplatin 100 mg/m2 given intravenously on day 1 and 5fluorouracil 1,000 mg/m2 every day given as continuous infusion over days 1 to 4, repeated
every 21 to 28 days; cisplatin-paclitaxel combination with cisplatin 75 mg/m2 given
intravenously and paclitaxel 175 mg/m2 given intravenously over 3 hours, both on day 1,
repeated every 21 days; cisplatin-docetaxel combination with cisplatin 75 mg/m2 given
intravenously and docetaxel 75 mg/m2 given intravenously over 1 hour, both on day 1 and
repeated every 21 days; carboplatin-paclitaxel combination with carboplatin given at Area
Under the Curve (AUC) 6 and paclitaxel 200 mg/m2 given intravenously over 3 hours, both
on day 1, every 21 days, or carboplatin given at AUC 2 and paclitaxel 80 mg/m2 given
intravenously over 1 hour, both on day 1 administered on a weekly basis.

8. Complications of treatment
Poor general health, chronic malnutrition, alcoholism, and advanced age of the patient, or
the use of preoperative radiotherapy, represent factors influencing the increased risk for
surgical complications. Hemorrhage and damage to cranial nerves are most frequently
observed intraoperative complications. The most common complication after
laryngopharyngectomy is pharyngocutaneous fistula as a result from a leakage at the site of
the pharyngeal closure that might be a consequence of tight closure or presence of tumour at
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Therapy regimens

Response rate %
(CR %)

Median survival
(months)

Taylor et al.
MTX 1,500 mg/m2 given as continuous
(Taylor et al., infusion over 24 hours with leucovorin vs. 40
1984)
mg/m2 given i.m.

32 vs. 22; p=0.52

4.2 for both
treatments

Vogl et al. MTX 40 mg/m2 i.v. weekly, with escalation to
(Vogl et al., 60 mg/m2 on day 8 and subsequently in the
absence of toxicity vs. MTX 40 mg/m2 i.m. on
1985)
days 1 and 15, bleomycin 10 U i.m. on day 1, 8
and 15, and cisplatin 50 mg/m2 i.v. on day 4,
repeated every 21 days

35 vs. 48; p=0.04
(8 vs. 16; p=0.04)

5.6 for both
treatments

Williams et al. MTX 45 mg/m2 given as weekly i.v. bolus
(Williams et with escalation to 60 mg/m2 in the absence of
al., 1986)
toxicity v.s. four-week courses of cisplatin 60
mg/m2 on day 1 plus vinblastine 0.1 mg/kg
on days 1 and 15 i.v. plus bleomycin 15 U i.v.
weekly

16 vs. 24; n.s.

7.8 vs. 7.2; n.s.

MTX 40 mg/m2 given i.v. weekly vs.
Eisenberger et
carboplatin 400 mg/m2 given i.v. monthly in
al.
(Eisenberger et combination with MTX given at the same
al., 1989)
dose/schedule

25 vs. 25; n.s.

2 vs. 3; n.s.

Forastiere et MTX 40 mg/m2 given i.v. weekly (MTX) vs. 10 vs. 32 vs. 21; CP + 5cisplatin 100 mg/m2 given i.v. on day 1 and 5- FU superior to MTX
al.
with p<0.001
FU 1,000 mg/m2 per day for a 96-hour
(Forastiere et
continuous infusion, repeated every 21 days
al., 1992)
(CP + 5FU) vs. carboplatin 300 mg/m2 given
i.v. on day 1 and 5-FU 1,000 mg/m2 per day
for a 96-hour continuous infusion, repeated
every 28 days (CB + 5-FU)

5.6 vs. 6.6 vs. 5.0;
n.s.

Jacobs et al. Cisplatin 100 mg/m2 given i.v. on day 1 and 5- 32 vs. 17 vs. 13; CP + 5- 5.7 for all treatments
FU superior to CP and
(Jacobs et al.,
FU 1,000 mg/m2 per day for a 96-hour
1992)
continuous infusion, repeated every 21 days to 5-FU with p=0.035
(CP + 5-FU) vs. cisplatin 100 mg/m2 given i.v.
on day 1 and repeated every 21 days (CP) v.s
5-FU 1,000 mg/m2 per day for a 96-hour
continuous infusion, repeated every 21 days
(5-FU)
MTX 40 mg/m2 given i.v. on days 1 and 15,
34 vs. 31 vs. 15; CABO 7.3 for all treatments
Clavel et al.
(Clavel et al., weekly, bleomycin 10 mg and vincristine 2 mg and CF superior to C
given on days 1, 8 and 15, CP 50 mg/m2 given on with p<0.001, p=0.003,
1994)
day 4, repeated every 21 days (CABO) vs.
respectively
cisplatin 100 mg/m2 given i.v. on day 1 and 5-FU (9.5 vs. 1.7 vs. 2.5; CABO
1,000 mg/m2 per day for a 96-hour continuous
superior to CF with
infusion, repeated every 21 days (CF) vs. cisplatin
p=0.01 and superior to
2
50 mg/m given on days 1 and 8, repeated every
C with p=0.02)
28 days (C)
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Schrijvers et al.Cisplatin 100 mg/m2 given i.v. on day 1 and 547 vs. 48; p<0.70
(10.7 vs. 6.8; p<0.50)
FU 1,000 mg/m2 per day for a 96-hour
(Schrijvers et
al., 1998)
continuous infusion, repeated every 21 days
vs. same schedule with interferon alfa-2b
given s.c. 3 x 106 U/day on days 1 to 5,
repeated every 21 days

Median survival
(months)
6.3 vs. 6; p=0.49

Forastiere et
Paclitaxel 200 mg/m2 for a 24-hour
al.
continuous infusion plus cisplatin 75 mg/m2 +
granulocyte colony-stimulating factor,
(Forastiere et
repeated every 21 days vs. paclitaxel 135
al., 2001b)
mg/m2 for a 24-hour continuous infusion plus
cisplatin 75 mg/m2, repeated every 21 days

35 vs. 36; n.s.
(4 vs. 12; p=0.038)

7.6 vs. 6.8; p=0.759

Gibson et al. Cisplatin 100 mg/m2 given i.v. on day 1 and 5(Gibson et al.,
FU 1,000 mg/m2 per day for a 96-hour
continuous infusion, repeated every 21 days
2005)
vs. cisplatin 75 mg/m2 given i.v. on day 1 and
paclitaxel 175 mg/m2 given over 3 hours on
day 1, repeated every 21 days

27 vs. 26; n.s.
(6.7 vs. 7.0; n.s.)

8.7 vs. 8.1; n.s.

Burtness et al. Cetuximab 200 mL/m2 given i.v. on day 1
(Burtness et
over 2 hours for cycle 1, and in subsequent
al., 2005) cycles cetuximab 125 mL/m2 given i.v. weekly
over 1-hour plus cisplatin 100 mg/m2 given
i.v. on day 1 every 4 weeks vs. placebo plus
cisplatin 100 mg/m2 given i.v. on day 1 every
4 weeks

26 vs. 10; p=0.03

8.0 vs. 9.2;
p=0.21

Vermorken et Cisplatin 100 mg/m2 given i.v. on day 1 or
al. (Vermorken carboplatin 5 mg per milliliter per minute at
et al., 2008) an AUC given on day 1 as a 1-hour infusion
plus 5-FU 1,000 mg/m2 per day for a 96-hour
continuous infusion, repeated every 21 days
vs. the same chemotherapy regimen plus
cetuximab 400 mg/m2 given initially as
intravenous infusion over 2-hours, then 250
mg/m2 given weekly as a 1-hour intravenous
infusion

20 vs. 36; p<0.001

7.4 vs. 10;
p=0.04

CR: complete response; MTX: methotrexate; i.m.: intramuscularly; i.v.: intravenously; U: units; 5-FU: 5fluorouracil; s.c.: subcutaneously; AUC: area under the curve

Table 4. Randomised studies of chemotherapy in recurrent/metastatic head and neck cancer
the margins of resection. Aspiration pneumonia after partial laryngectomy is postoperative
complication occasionally requiring total laryngectomy. Pharyngeal stenosis is commonly
manifested following a jejunal free flap reconstruction of a total laryngopharyngectomy.
Late complications include pharyngoesophageal stenosis and stricture, chronic
pharyngocutaneous fistula and functional deficits in swallowing.
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Acute ccomplications of radiotherapy include development of mucositis, dermatitis,
xerostomia, and dysgeusia. Acute mucositis as the most frequently observed radiationinduced morbidity is related to the intensity of the treatment regimen with a greater
incidence of grade 3-4 reactions associated with accelerated fractionation and concurrent
chemoradiotherapy. The occurrence of arytenoid edema being well known consequence of
radiotherapy lead to tracheotomy in less than 10% of patients. Late complications of
radiotherapy include fibrosis of the soft tissues in the neck, fibrosis of the esophagus, which
may develop into an esophageal stricture or tracheoesophageal fistula, and radiationinduced hypothyroidism requiring thyroid-replacement therapy. Rarely seen, but
potentially serious late complications are carotid rupture, pharyngocutaneous fistula,
laryngeal chondronecrosis or soft tissue necrosis of the posterior pharyngeal wall, laryngeal
strictures, brachial plexus injury, and the possibility of spinal cord injury. When keeping the
dose to the spinal cord under 50 Gy, myelitis is rarely occurred complication (Emami et al.,
1991; Marcus & Million, 1990). However, L’Hermitte sign can occur 2 to 3 months after
treatment and last several weeks to months.
Chemotherapy complications include adverse effects in dependence of the specific cytotoxic
agents used. Cisplatin-based regimens induce nausea and vomiting, and cumulative
toxicities from cisplatin such as ototoxicity, peripheral neuropathy, nephrotoxicity, or
myelosuppression. The use of 5-fluorouracil can cause myelosuppression in addition to
mucositis, diarrhoea, and vascular irritation. Common adverse effects of taxanes are
peripheral neuropathy, myelosuppression, alopecia, and potential hypersensitivity
reactions.

9. Follow-up
Post treatment follow-up is required to evaluate treatment response, and is also intended to
detect early recurrence, and identify second primary cancers. The majority of local
recurrences occur within the first 2 years of treatment (Fu et al., 2000; Ho et al., 1993).
Independent second malignancies in the upper aerodigestive tract have an annual incidence
of approximately 3% (Cooper et al., 1989; Spector et al., 2001), and the risk for their
development is not time limited.
Patients should be followed up every 1-3 months over the first year after treatment, every 24 months in the second year after treatment, every 4-6 months in the third through the fifth
years after treatment, and every 6-12 months thereafter (National Comprehensive Cancer
Network [NCCN], 2011).
Each follow-up examination should include history, physical examination, and fiberoptic
endoscopy, or indirect mirror exam. Diagnostic imaging of the neck should be performed
for the assessment of response to treatment and must be also performed in any patient with
new signs and symptoms suggesting recurrence development. If PET-CT scan is used for
follow-up, the first scan should be performed at not less than 3 months after treatment to
reduce false-positive scans that can result from active inflammation following treatment
(Robson, 2002). Biopsy is mandatory if there is clinical suspicion of residual or recurrent
disease. Annual chest is primarily recommended for detection of second primary tumours.
In patients who received surgery or radiation to a substantial proportion of the thyroid
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gland, monitoring of thyroid-stimulating hormone (TSH) levels is recommended every
6 to 12 months.

10. Conclusion
Patients with early-stage hypopharyngeal cancers including T1N0-1 and small T2N0 lesions
achieve satisfactory rates of local control when treated with either conservation surgery or
radiotherapy as a single treatment modality. Patients with locally-regionally advanced
resectable hypopharyngeal cancers could be treated with radical surgery followed by
postoperative radiotherapy or postoperative concurrent chemoradiotherapy. In patients
with advanced resectable hypopharyngeal cancers requiring laryngopharyngectomy for the
surgical approach, concurrent chemoradiotherapy or altered fractionation radiotherapy are
treatment modalities allowing anatomic and functional organ preservation while
demonstrating equivalent results in terms of survival with those obtained with immediate
surgery. For patients presenting with unresectable hypopharyngeal cancer without evidence
of distant metastases, radiotherapy and concurrent cisplatin-based chemotherapy should be
considered standard treatment approach. The adoption of IMRT, considering its more
conformal dose distribution with steep gradients between planning target volumes and
critical structures, should be advocated in the routine clinical practice as radiotherapy
technique in the treatment of hypopharyngeal cancer.
However, patients with early stage disease are relatively rare, and for those with advanced
disease being most frequently present, the results in the achievement of long-term control
and survival with the advancement made using aggressive therapeutic approaches remain
quite unsatisfactory. Sequential therapy (induction chemotherapy followed by concurrent
chemoradiotherapy), intensified radiotherapy regimens in combination with chemotherapy,
and the incorporation of molecular targeted therapies in combination with traditional
chemotherapy and radiotherapy are strategies currently investigated in an effort to improve
outcomes in patients with advanced hypopharyngeal cancer.
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1. Introduction
Head and neck cancers are different types of tumours found in the upper aero-digestive
tract. The vast majority of them (more than 90%) are squamous cell carcinomas (HNSCC)
that originate in the epithelium lining of the oral cavity, pharynx and larynx. There is a
higher incidence rate in males compared to females (Ragin et al, 2007). The median age of
patients with HNSCC is about 60 years (Ragin et al, 2007). Young patients make up 1-8%
(Llewellyn et al, 2004). HNSCC comprise 5.5% of all incidence cancers (Mitra et al, 2007) and
is the sixth leading cancer worldwide with approximately 600,000 cases reported annually
(Leemans et al, 2011). Local recurrence affects about 60% of patients and metastases develop
in 15-20% of cases (Choi & Chen, 2005). About 40-50% of patients with HNSCC survive for 5
years (Leemans et al, 2011). About one third of patients are diagnosed with early-stage
disease, whereas the majority are diagnosed with advanced stage cancer with lymph node
metastases. Early stage tumours are treated by surgery or radiotherapy ensuing more
favourable prognosis. Surgery is the main source of treating advanced tumors combined
with post-operative chemo- and radio-therapy. Over the past two decades, the quality of life
of patients with HNSCC has increased due to the ample use of more advanced surgical and
radiotheraupeutic techniques, as well as organ preservation protocols. Despite these
improvements, survival has not markedly improved because patients still frequently
develop local-regional recurrences, distant metastases and second primary tumors. The
TNM staging system, that is most often used to classify patients with HNSCC, is based on
the clinical, radiological and pathological examination of tumor specimens. This system
does not adequately address the molecular heterogeneity of HNSCC and the ability of
staging to predict prognosis in HNSCC is limited because patients with tumours with the
same clinicopathologic stage do not have the same disease progression, response to therapy,
rate of disease recurrence and survival (Leemans et al, 2011; Choi & Chen, 2005). Ongoing
molecular studies show that these HNSCC may not be considered as homogenous as
previously supposed (Pai & Westra, 2009). Recognition of distinct molecular and genetic
profiles could permit finer resolution of HNSCC into distinct subtypes that differ with
regard to risk factors, pathogenesis and clinical behavior. A more detailed molecular
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characterization ultimately is likely to improve the development of new therapeutic
strategies, potentially relevant to diagnosis and prognosis of this poorly defined subset of
head and neck cancers.

2. Risk factors
The main risk factor for HNSCC is tobacco smoking. This risk is strongly correlated with the
time and rate who person smokes. In fact, when a person stops smoking it reduces the risk
of developing cancer (Schlecht et al, 1999). Besides environmental exposure to tobacco
smoke, passive smoking appears to increase the risk of developing HNSCC, even for
individuals who have never actively smoked (Zhang et al, 2000). This increased risk is
mostly attributable to the genotoxic effects of carcinogens in tobacco smoke, including
nitrosamines and polycyclic hydrocarbons. Tobacco smoking has showed to have site
specific differences in the anatomical sub-regions, with an increase in sensitivity from the
oral cavity down to the larynx (Werbrouck et al, 2008). Tobacco has also proven to be a
significant prognostic marker (Ragin et al, 2007; Leemans et al, 2011). Identifying the
molecular targets of cigarette smoking in order to discern a specific profile of tobaccoinduced mutations is still currently being studied. TP53 mutations and overexpression in
HNSCC, for example, occur more frequently in patients who smoke than in patients who do
not smoke (Field et al, 1991; Ronchetti et al, 2004). Much attention has been focused on
genetic polymorphisms in those enzymes that activate pro-carcinogens and detoxify
carcinogens; however no clear-cut association has been established yet. Heavy use of alcohol
has also been recognized as an independent risk factor for HNSCC, particularly for cancer of
the hypopharynx (Sturgis et al, 2004). However, alcohol consumption is mainly relevant for
its ability in magnifying its effects with tobacco smoke in a synergistic manner (Talamini et
al, 2002). Its ability in enhancing the effects of smoking most likely resides in its nature as a
chemical solvent, increasing and prolonging mucosal exposure to the carcinogens present in
tobacco (Pai & Westra, 2009). In addition, although alcohol itself is not a direct carcinogen,
its metabolites and acetaldehyde form DNA adducts that interfere with DNA synthesis and
repair. Polymorphisms in the enzymes that metabolize alcohol to acetaldehyde have not
been conclusively associated with modifying cancer risk. A subgroup of HNSCC,
particularly those of the oropharynx and oral cavity, is also caused by high risk infection
types of human papillomavirus (especially HPV-16 and 18) (Chung & Gillison, 2009;
Leemans et al, 2011). HPV has been established as a causative agent in about 70% of oral
cavity and oropharyngeal cancers. The vast majority of HPV-positive HNSCC localizes to
the tonsillar crypts of the lingual and palate tonsils. Its structural features render them
particularly vulnerable to HPV attack (Pai & Westra, 2009). The traditional risk factors,
tobacco and alcohol use, do not appear to play a contributing role in HPV-related cancers
(D’Souza et al, 2007). Certain sexual practices that facilitate repeated viral exposure are
strongly associated with HPV oral infection (Smith et al, 2004). Although the risk factors for
HPV viral infection are well recognized, those associated with subsequent HPV-induced
tumorigenesis are now only coming into focus. However, it is known that HPV-positive and
negative tumours represent different clinical pathological and molecular entities (Table 1)
and that HPV-related tumours, which constitute about 20% of all HNSCC subtypes, are
associated with a more favorable outcome (Chung & Gillison, 2009, Leemans et al, 2011).
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Risk factors
Predilection site
Main molecular
genetic
alterations
Prognosis
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HPV positive
HPV negative
High-risk sexual behavior
Smoking and alcohol use
Oropharynx and oral cavity especially
None
lingual and palatine tonsil
High frequency of p53
Infrequent p53 mutations, degradation of
mutations, 17p and 9p
p53-Rb pathway by HPV E6/E7 protein
loh, loss of p16 expression
Better
Worse

Table 1. Main characteristics of HPV+ and HPV- HNSCC

3. Genetic alterations
It is well known that HNSCC is the result of a multistep process characterized by the
accumulation of genetic and epigenetic alterations (Ha et al, 2009). The genetic alterations
associated with HNSCC are numerous and include a variety of different pathways (Table 2).
The accumulation and selection of these aberrant pathways may sometimes be due to
random chance, but more commonly, they are attributable to a lifetime of environmental
exposure to tobacco, alcohol and HPV infection. Therefore, the chance of DNA damage is
high and often there is an accumulation of genetic events that lead to the development of
HNSCC (Ha et al, 2009). Genetic alterations, including copy number variations (CNV), gains
or losses of heterozigosity (LOH) may cause the inactivation of tumor suppressor genes and
the activation of oncogenes, which in turn lead to uncontrolled cell growth and metastasis
(Chen & Chen, 2009). In order to identify the genetic alterations, such as chromosomal
deletions and/or amplifications, the presence of Single Nucleotide Polymorphisms SNPs or
mutations in oncogenes/tumour suppressor genes or other genes, different techniques can
be adopted from various low throughput and high throughput methods (Ha et la, 2009). The
low throughput resolution methods are brought about by a study of CNV/LOH using
polymerase chain reaction (PCR) -related methods and fluorescence in situ hybridization
(FISH). The high throughput resolution methods are the array-related methods, such as
Comparative Genomic Hybridization (CGH) array, to identify genome wide CNV/LOH
events. The arrays have the ability to finely map regions of chromosomal gain or loss, much
more accurately than the conventional molecular techniques. Regions of chromosomal loss
commonly reported are at 1p, 3p, 4p, 5q, 8p, 10p, 11q, 13q and 18q, while those that are
frequently gained are at 1q, 3q, 5p, 7q, 8q, 9q, 11q, 12p, 14q
and 15q (Ha et al, 2009;
Wreesmann & Singh, 2005). Most possibly, the presence of CNV/LOH has the potential to
Locus or gene
LOH 3p
LOH 9p
LOH 11q
LOH 13q
LOH 17p
p16 inactivation
Cyclin D1 amplification
FHIT, RASSF1A inactivation
TP53 mutations

Frequency in HNSCC
60-70%
70-80%
30%
30%
50-70%
80%
30%
50-80%
60-80%

Table 2. Frequent molecular abnormalities in HNSCC (Perez-Ordonez et al, 2006)
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serve as a prognostic indicator, alone or in combination with other markers, to identify
HNSCC patients at high risk of recurrence and death (Chen & Chen, 2008).
3.1 The molecular biology of field cancerization of HNSCC
In 1953, the term “field cancerization” was introduced to explain two phenomena: (1) the
high tendency to develop local recurrences after treatment of HNSCC and, (2) the high
likelihood that multiple independent tumours would develop in the head neck mucosa (Ha
& Califano, 2003). According to this concept, molecular genetic approaches have recently
shown that when a primary HNSCC is compared with a second tumour elsewhere in the
respiratory tract, the paired tumours often harbor some identical patterns of genetic
alterations (Pai & Westra, 2009). In all probability, a critical genetic alteration may be a
single cell providing a growth advantage over its neighboring cells. These cells can migrate
to populate continuous tracts of mucosa, accumulate other alterations, acquire additional
growth advantage and ultimately transform into aggressive subclones separated by time
and space (Califano et al, 2000). It is important to note that, the epithelium of the upper
respiratory tract may be populated by these genetically damaged clones and may lack
hystopathological evidence of dysplasia. Thus, the presence of morphologically intact but
genetically damaged cells may perhaps explain the mechanism underlying cancerization as
well as certain distress patterns of tumour behavior, such as local recurrences following
seemingly to complete surgical resection. A current model of HNSCC progression associates
the loss of chromosomal arms 3p, 9p and 17p with conversion from normal to dysplastic
epithelium. Subsequent loss of 11q, 13q and 14q is associated with progression to carcinoma
in situ, with the loss of 6p, 8p, 8q and 4q seen in more advanced stages with invasive
property (Califano et al, 1996; Choi & Chen, 2005; Perez-Ordonez et al, 2006) (fig.1).

Fig. 1. HNSCC carcinogenesis model, modified from Califano et al. (1996)
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3.2 Molecular genetics of premalignant oral lesions
HNSCC develops from normal aereodigestive mucosa progressing through a series of
histological identifiable pre-malignant stages. In particular, oral squamous cell carcinomas
(OSCC) may be preceded by the appearance of lesions, which have the potential to develop
into cancer in the oral cavity. The development of OSCC is generally expected upon the
development of multiple, clonal, genetic alterations, which lend a clonal population of cells
a growth advantage over others. The distinction between benign and potentially malignant
oral lesions is currently based upon the histological examination of biopsy specimens. In the
absence of a carcinoma or dysplasia, the ability to quantify the risk associated with
malignant transformation is limited. It is for this reason that a molecular and genetic
characterization of premalignant lesions may be very important in predicting their
malignant potential. There are several histologically distinct lesions of the oral cavity that
have malignant potential. These are leukoplakia, erythroplakia, lichen planus and
submucous fibrosis, together with a spectrum of chromosomal, genetic and molecular
alterations. The degree of similarity to OSCC found in premalignant lesions is dependent
upon the presence of atypia. However, individual lesions may present molecular genetic
alterations similar to OSCC, even in the absence of histologically defied dysplasia
(Mithani et al, 2007).
Leukoplakia, defined as a predominantly white lesion of oral mucosa that cannot be
characterized by any other definable lesion, is the most commonly diagnosed premalignant
lesions in the oral cavity (Mithani et al, 2007). It is also strongly associated with the
development of OSCC. Patients with oral leokoplakia have up to 36% incidence of
subsequent OSCC development, only if the lesion demonstrates dysplastic features. In the
absence of dysplasia, these lesions still possess a 15% incidence of cancer development
(Mithani et al, 2007). In particular, increased LOH was correlated to the histopathological
progression in the upper aereodigestive tract (Califano et al, 1996). 50% of leukoplastic
lesions contain allelic loss of either the 3p or 9p chromosome arms, which are associated
with higher risk of malignant transformation. This risk increases further in the presence of
additional LOH at the 4q, 8p, 11q, 13q and 17p loci (Rosin et al, 2000). Insertions or deletions
of base pairs at microsatellites, termed microsatellite instability (MSI), are another
cytogenetic feature shared between premalignant lesions and OSCC. The MSI is present in
55% of leukoplakia and there is a trend towards increasing MSI prevalence associated with
histological progression of premalignant lesions (Mithani et al, 2007). In addition, many
studies have demonstrated a trend in increasing polysomy at several loci, such as
chromosomes 7 and 17, in the progression of the aeredigestive tract. For example, lesions
with a >3% proportion of cells with trisomy 9 have a significantly higher likelihood of
progression in cancer (Lee et al, 2000; Mithani et al, 2007). It is also demonstrated that
telomerase activity is correlated with the degree of atypia and dysplastic changes (Mithani
et al, 2007). Finally, mitochondrial genomic mutations, which occur in response to oxidative
damage and stress, may have a role in the development of cancer, including HNSCC
(Sanchez-Cespedes et al, 2001). The mechanism by which these mutations contribute to
carcinogenesis has not yet been demonstrated. It has been postulated to occur because of
mitochondrial dysfunction in apoptosis or through reactive oxygen species generation
(Gottlieb & Tomlinson, 2005). Epigenetic changes are also important. An aberrant
methylation of CpG-rich regions of the promoters prevents gene transcription by altering
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the structure of histone complex. Promoter hypermetilation is a mechanism by which
tumour suppressor genes are transcriptionally inactivated (Ha & Califano, 2006). There are
few studies on the aberrant methylation occurring in leukoplakia, where the
hypermetylation of RAR-b2 (Youssef et al, 2004), p16 and MGMT (Lopez et al, 2003) has
been shown. These genes are metylated also in OSCC.
3.3 Association between genetic alterations and poor outcome of HNSCC patients
Various studies indicate that many of the LOH events in certain chromosomal regions are
associated with shorter survival of HNSCC patients. The most commonly reported CNV
and LOH associated with survival pertain to chromosomal regions 11q, 3q, 7p and 22q (for
CNV) and in 3p, 8p and 9p, 13q (for LOH) (Chen & Chen, 2008). For example, many studies
identified a consistent amplification in the head and neck tumours at region 11q13. Possibly
the amplification of this region plays an important role in HNSCC survival, given the many
known oncogenes, such as bcl-1, Int-2, hst-1, EMS1, CCND1 and PRAD1, in turn are
correlated with clinical outcomes, that reside in this region (Chen & Chen, 2008). As far as
recurrence is concerned, the most commonly reported CNV/LOH events associated with
recurrence involved CNV at 11q and LOH at 9p and 17p (Chen & Chen, 2008). Only few
papers focus on the combination of histopathological and clinical characteristics, such as
tumour size, lymph node status and metastasis (TNM) staging or treatment condition and
the data results from CNV and/or LOH to predict survival. For example, the association
between 3p LOH and poor outcome in HNSCC patients with early stage I and II tumours
was shown (Partridge et al, 1996). Other research has also shown that patients who received
radiotherapy, 6q LOH was associated with reduced survival (Jamieson et al, 2003).
3.3.1 Genetic polymorphism and their association with outcomes in HNSCC
Single nucleotides polymorphisms (SNPs) are a DNA sequence variation occurring when a
single nucleotide in the genome differs between members of a biological species or paired
chromosomes in an individual. This variation in DNA sequences may not lead to an amino
acid alteration and do not seem to have any adverse effects in “normal” individuals. It is
possible to perform the analysis of SNPs using PCR-related methods, such as direct
sequencing, or using SNP arrays. These SNPs may be markers for disease predisposition, or
may be used to genetically identify patients, as they tend to cluster with ethnic background.
Recent results from case-control studies of several phenotypic and genotypic assays support
the hypothesis that genetic susceptibility or predisposition plays an important role in
HNSCC aetiology (Negri et al, 2009; Garavello et al, 2008; Ingelman-Sundberg, 2001). It has
been hypothesized that susceptibility to disease development is based on inherited
differences in the efficiency of carcinogen metabolism, DNA repair and cell cycle control, or
a combination of these. SNPs located in DNA repair genes can modulate DNA repair
capacity and, consequently, alter cancer risk. In particular, it was shown that, among all
DNA repair pathways, the sequence variations in the base excision repair (BER) pathway
may contribute to HNSCC susceptibility. For example, a significantly decreased risk of
HNSCC was associated with the adenosine diphosphate ribosyl transferase (ADPRT)
762Ala/Ala genotype and the combined ADPRT Val/Ala and ADPRT Ala/Ala genotypes,
compared with the ADPRT Val/Val genotype (Li et al, 2007). An association between the
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presence of cytocrome P450 (CYP) and GSTs allelic variants, which are families of enzymes
involved in the metabolism of many environmental agents, including tobacco and alcohol,
and increased risk of HNSCC was also demonstrated. In particular, it was observed that the
CYP1A2*1D variant allele confers an increased risk of HNSCC, while the CYP1A2*1C
polymorphism was associated with tumour recurrence (Olivieri et al, 2009). Finally,
CYP2E1*5B and GSTM1 null alleles were associated with advanced clinical stages (Olivieri,
2009). In conclusion, it is clear that genetic polymorphisms may act as predictors of risk and
are also associated with tumour recurrence, since they are important for determining the
parameters associated with tumour progression and poor outcomes in HNSCC. For these
reasons, the identification of individuals presenting polymorphic variations would have an
impact on primary prevention and early detection strategies.
3.3.2 Genetic polymorphism and their association to tobacco and alcohol use
Smoking and the consumption of alcohol are the main risk factors for head/neck cancer.
Although the chance of developing HNSCC increases with the level of tobacco smoking and
alcohol use, it is obvious that not every (heavy) smoker and/or drinker develops HNSCC.
The risk for an individual to develop HNSCC after exposure to tobacco carcinogens, may
therefore also depend on sequence variation in the genes (genetic polymorphisms) coding
for the enzymes involved in the detoxification of tobacco smoke carcinogens, such as
microsomal epoxide hydrolase (mHE), gluthatione-S-transferase (GSTs) and uridine 5’diphosphate (UDP)-glucuronosyltransferase (UGTs). Genetic polymorphisms in these genes
may alter their activity and may thus modulate the risk of HNSCC. For example, the
presence of null polymorphism in GSTM1 or GSTT1 was associated with an increased risk
for HNSCC in smokers (Lacko et al, 2009). For the UGTs, both the variants UGT1A7 and
UGT1A10 were associated with an altered risk of developing cancer (Lacko et al, 2009).
Tobacco smoke is associated with the increased formation of DNA lesions, which can be
repaired also by BER pathway. Therefore, also an individual variation in BER, is one of the
host factors that may influence tobacco smoking-related HNSCC risk. The Rad1 c.3429 G>C
polymorphism has a more evident association with cancer risk in the group of heavy
smokers (Werbrouck et al, 2008). Detoxification of tobacco smoke carcinogens, together with
DNA repair and apoptotic pathways, is probably the most important rescue pathways in
preventing the development of tobacco-induced HNSCC. In fact, the activity of such
enzymes may differ between individuals and this is one of the possible explanations for the
differences in inter-individual susceptibility for the development of HNSCC.
3.4 Epigenetic alterations
HNSCC is a result of multiple genetic and epigenetic alterations. Epigenetic is defined as the
stable inheritance of information based on gene expression levels without changing the
underlying genetic code (Esteller et al, 2002). These heritable modifications of the DNA
molecule itself occur through several pathways including alterations in DNA methylation
and histone modifications mediated by: DNA methyltransferases (DNMT), methyl-CpGbinding domain proteins, histoneacethyltranferases (HAT), histone deacetylases (HDAC),
histone methyltransferases (HMT) and histone demethylases (Glazer et al, 2009). Epigenetic
changes have been associated with cancer specific expression differences in human
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malignancies, including HNSCC (Herman et al, 2003). These alterations are known to occur
early in tumoriginesis and are associated with distinctive cancer types. The main epigenetic
modification found in humans is the methylation of the 5’ carbon of the cytosine ring within
cytosine-guanine dinucleotides (CpGs) by the enzyme class methyltransferases. CpG
methylation occurs in patterns both species and tissue specific, serving to block transcription
and recruit histone and modifying tightly packed heterochromatin and gene silencing.
DNMTs are responsible for maintaining the methylation status of a gene in the cell’s
progeny. In addition, histone modification has also been shown to play an active role in
regulating gene expression. Histone modifications and DNA methylations play a significant
role in the organization of nuclear structure, ultimately influencing gene expression. The
epigenetic inactivation of tumor suppressor genes is an important event in HNSCC
(Steinmann et al, 2009; Glazer et al, 2009). In recent years, new assays, such as sodium
bisolfite treatment of DNA, which converts the non-methylated cytosines to uracyl, and
methylation sensitive quantitative PCR, have further advanced the ability to evaluate the
methylation status of tissue samples. In HNSCC, the promoter hypermethylation of p16 is a
frequent event (Reed et al, 1996; Glazer et al, 2009; Steinmann et al, 2009). Studies on
promoter methylation have uncovered many other genes in HNSCC, such as DIM-6, ATM,
p15, TIMP-3, MGMT, RARB-2, DAP-K, E-cadherin, Cyclin A1, RASSF1A, CDKN2A, CDH1
and DCC (Steinmann et al, 2009). These genes are involved in pathways that control cell
cycle progression, apoptosis, cell-cell adhesion, DNA repair and tumour invasion. A trend
toward an increased methylation of these genes in more advanced tumour stages and less
differentiated HNSCC was observed. In particular, p16 methylation was significantly high
in poorly differentiated HNSCC and RASSF5 methylation occurred preferentially in
advanced tumour stages, while methylation of RASSF4 was higher in patients with
recurrence (Steinmann et al, 2009). A relationship between methylation profiling, tumour
stage and age of patients was also shown (Marsit et al, 2009). A borderline significant
association between tumour site and methylation pattern was also observed (Marsit et al,
2009). These data reveal that patterns of epigenetic alteration may hold a relevant role in
identifying the process through which carcinogens act epigenetically to drive
tumourigenesis as well as in providing useful tools with diagnostic value.
3.4.1 Epigenetic alterations and correlation with aetiologic agents and clinical
parameters
DNA methylation-associated epigenetic silencing of tumor suppressor genes is an aberrant
marker of cancer with considerable specificity. An association among HPV, tobacco smoking
and alcohol exposure and methylation of specific genes has been identified. In particular,
using a whole genome profiling approach, not only was there a correlation between
methylation and tobacco and alcohol use, but also in considering smoking intensity (packs
per day) and lifetime average drinks per week (Marsit et al, 2009). Tumour HPV16 DNA
status also demonstrated to have an association with methylation, showing that HPV+ and
HPV- HNSCC patients do not only have a different pattern of methylation, but have a more
pronounced hypomethylation in HPV-negative tumours than in HPV-positive tumours
(Richards et al, 2009). In addition, genomic instability, as measured by genome-wide loss of
heterozogosity (LOH) and single nucleotide polymorphism (SNP) analysis, is greater in
HNSCC samples with more pronounced hypomethylation. For example, epigenetic
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inactivation of the SFRP genes is associated with drinking, smoking and HPV. Promoter
methylation of SFRP1 occurred more often in both heavy and light drinkers compared to
non drinkers. SFRP4 promoter methylation, on the other hand, occurred at a higher
prevalence in never smokers and former smokers than in current smokers, and also was
independently associated with HPV16 viral DNA (Marsit et al, 2006).

4. Potential molecular prognosis markers in HNSCC
HNSCC has long been a challenge in regards to treatment because of the high rate of
recurrences and advanced diseases at the time of diagnosis. Molecular identification of
tissue biomarkers in diagnostic biopsy specimens may not only identify patients at risk for
developing HNSCC but also select patients that may benefit from more aggressive
treatment methods. In addition, they may potentially offer new methods for early diagnosis,
monitoring and treatment alternatives for HNSCC patients. Some emerging molecular
markers include TP53, epidermal growth factor receptor (EGFR), cyclin D1, transforming
growth factor alpha (TGF-alfa), p16INK4A, cyclooxigenase-2 (Cox-2), vascular endothelial
growth factor (VEGF) and matrix metallo proteinases (MMPs) (Table 3).
Molecule
name
TP53

Genomic
Function
localization
17p13
A tumorsuppressor
regulating cell
cycle
progression,
apoptosis and
cell survival

p16INK4A
9p21
(CDKN2A)

A tumorsuppressor
regulating
senescence and
cell-cycle
progression by
acting as an
inhibitor of
cyclin dependent
kinase 4 and 6cyclin D
complexes

From literature

60-80% of HNSCC
shows TP53 somatic
mutations causing mostly
p53 protein
overexpression.

Predictive and
prognostic value for
survival, recurrence,
treatments response and
lymph node status

References

- Bradford et al, 2003
- Cabanillas et al, 2007
- Cabelguenne et al, 2000
- Gasco and Crook, 2003
- Graveland et al, 2011
- Lassaletta et al, 1999
- Leemans et al, 2011
- Nees et al,1993
- Nogueria et al, 1998
- Nylander et al, 2000
- Perrone et al, 2010
- Poeta et al, 2007
- Quon et al, 2001
- Temam et al, 2000
- Thomas et al, 2005

50-80% of HNSCC - Ambrosch et al, 2001
shows loss of p16
- Bazan et al, 2002
expression, mostly by
- Broek et al, 2009
promoter
- Thomas et al, 2005
hypermethylation or
- Namazie et al, 2002
homozygous deletion.
- Thomas et al, 2005

Prognostic value - Yuen et al, 2002
for survival and
development of distant
metastases

High p16
expression in combination
with persistent HPV16-18
infection predicts a better
prognosis
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Molecule
name
PTEN

Genomic
Function
From literature
localization
10q23
A tumor

30% of HNSCC
suppressor gene
shows loss of PTEN
regulating

Potential
signaling
prognostic value in
pathways
relation to poor outcome.
controlling cell

Association
proliferation and
between PTEN
apoptosis
overexpression and
increase of radioresistance
Cyclin D1 11q13
Proto-oncogene

17-79% of HNSCC
regulating cell
shows amplification and
cycle progression overexpression of cyclin
D1

Prognostic value in
relation to more advanced,
aggressive disease, lymph
node metastasis and
reduced survival

EGFR

VEGFs

7p11

Trans membrane
TK acting as a
central
transducer in
multiple
pathways that
mediate cell
cycle
progression,
angiogenesis,
inhibition of
apoptosis, tumor
invasion and
metastasis
Ligands of trans
membrane TK
promoting cell
proliferation,
migration and
survival of
endothelial cells
during tumor
growth

References
- Mriouah et al, 2010
- Pai and Westra, 2009
- Pattje et al, 2010
- Pedrero et al, 2005

- Akervall et al, 1997
- Capaccio et al, 2000
- Holley et al, 2005
- Kumar et al, 2003
- Leemans et al, 2011
- Marsit et al, 2008
- Michalides et al, 1997
- Namazie et el, 2002
- Nimeus et al, 2004
- Okami et al, 1999
- Pyeon et al, 2007
- Thomas et al, 2005
- Volavsek et al, 2003

34-90% of HNSCC - Carracedo et al, 2008
shows overexpression of - Chang et Califano, 2008
EGFR
- Hama et al, 2009

Prognostic value in - Kalyankrishna and
relation to disease free
Grandis, 2006
survival and overall
- Quon et al, 2001
survival; association with - Smilek et al, 2006
a shorter overall survival - Uribe & Gonzalez, 2011
and poor outcomes.

From 2006 use of
therapy based on EGFR
inhibitors
- Kyzas et al, 2004

90% of HNSCC
shows overexpression of - Kyzas et al, 2005
VEGFs (especially A and C - Lentsch et al, 2006
- Mineta et al, 2000
forms),

They are important - Moryama et al, 1997
- Neuchrist et al, 2001
pro-angiogenic factors,
- Neuchrist et al, 2003
which promote
- Petruzzelli et al, 1997
neovascularization in
cancer.

They are associated
with tumor growth,
metastasis, treatment
failure and shorter overall
survival
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Molecule
name
Cox2

TGF alfa

MMPs

Genomic
Function
From literature
localization
1q25.2–25.3 Catalytic enzyme 
Presence of Cox 2
decreasing
up regulation in tumor
apoptosis,
(150 folds) and adjacent
increasing
tissues (50 folds)
inflammation
compared to nomal
and important
epithelium.
for tumor

It seem to be an
progression
early event in HNSCC
carcinogenesis

Prognostic value
for survival; Cox 2
overexpression in
combination with PEG2 is
associated with a shorter
overall survival

Prognostic marker
in premalignant lesions.

Low levels of Cox
2 are associated with
poorer overall survival in
larynx cancer

Independent
predictor of disease-free
survival.

Ongoing
preclinical studies with
therapy based on Cox-2
inhibitors in combination
with EGFR inhibitors
2p13
Growth factor

Association
inducing
between TGFA
epithelial
overexpression and poor
development
outcome and response to
and primary
anti-EGFR therapy
ligand of the
EGFR

Overexpression in
Family of ZnHNSCC of various MMPs,
dependent
proteolytic
including MMP2, MMP8,
enzymes that
MMP13
degrade the

Association with
basement
poor outcome, cisplatin
membrane and
resistance, lymph node
other
metastasis and early
components of
recurrence.
the extracellular

Evidences about
matrix
association between the
EGFR signaling and
MMPs activation

Table 3. Biomarkers in head and neck cancers

References
- Gallo et al, 2002
- Itoh et al, 2003
- Ranelletti et al, 2001
- Sudbo et al, 2003
- Thomas et al, 2005

- Logullo et al, 2003
- Quon et al, 2001
- White et al, 2010

- Kusukawa et al, 1996
- O-Charoenrat et al, 2000
- Patel et al, 2005
- Sinpitaksakul et al, 2008
- Thomas et al, 2005
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4.1 TP53
TP53 is a tumour suppressor gene located on chromosome 17p13 and consists of 11 exons
that encode protein p53, and functions in carcinogenesis by initiating G1 arrest in response
to certain DNA damage and apoptosis. Studies suggest that after mutation in one TP53
allele, the remaining wild type (w.t.) allele is often deleted and therefore the mutant
phenotype is expressed (Yin et al, 1993; Kiuru et al, 1997). The prevalence of TP53 mutations
is 20–70% in HNSCC (Blons et al, 2003). The reported frequency of the mutations varies
among different studies. This is related, at least in part, to techniques used for detecting
mutations, the regions of the TP53 gene analyzed, and the anatomic site of the analyzed
sample tumours. Exons 5 to 8 (encoding the “core” domain) of TP53 are the most analyzed
because they represent the major site of TP53 mutations. However, other studies report that
a considerable amount of HNSCC carries TP53 mutations outside the core domain of p53
(Balz et al, 2003; Saunders et al, 1999).
4.1.1 Tobacco and TP53
An explanation for the heterogeneity of TP53 mutation frequency could be the different
levels of exposure to risk factors in the population studied. In fact, the frequency of TP53
mutation in patients with invasive HNSCC was related to the level of exposure to cigarette
smoke and alcohol (Blons et al, 2003; Ronchetti et al, 2004; Hussain et al, 1999). The
frequency of somatic TP53 mutation in smoking HNSCC patients was at least double
compared to non-smoking HNSCC patients (Field et al, 1991). DNA can be damaged by
numerous tobacco carcinogens and environmental chemicals that can be activated or
degraded by specific enzymes termed xenobiotic-matabolizing enzymes (XMEs). The
existence of XMEs variants may explain individual susceptibility to TP53 mutations. An
XME genotype that results in increased DNA damage as a consequence of altered
carcinogen metabolism could increase the incidence of TP53 mutations (Blons et al, 2003).
For example, a strong association between TP53 mutation and CYP1B1 genotypes was
found in smokers (Ko et al, 2001; Thier et al, 2002). Finally, an increased sensitivity to
mutagens as a result of low DNA repair capacity increases the frequency or modify the
pattern of TP53 mutations (Casse et al, 2003; Wong et al, 2002). As expected from
experimental tobacco carcinogenesis, the most prevalent mutations in HNSCC are G:C>A:T
transitions and G:C>T:A tranversions. It is also interesting to note that frameshift mutations,
which are more frequent in patients exposed to both alcohol and tobacco, occur more
frequently in HNSCC than in other tobacco-independent cancer types (Blons et al, 2003).
4.1.2 Is TP53 mutation an early or a late event?
The expression of the p53 protein has been detected also in oral premalignant lesions (such
as leukoplakia), where it may indicate an impending malignancy. Specifically, suprabasal
expression has been highly predictive of malignant development (Cruz et al, 1998). In
addition, when surgical margins of primary HNSCC are examined for mutational changes,
there is an increased risk of local recurrence when positive margins demonstrating clonal
alterations in TP53 are observed (Graveland et al, 2011). However, there have been
conflicting conclusions concerning the stage at which TP53 mutations occur during HNSCC
carcinogenesis. Early studies performed by immunocytochemistry suggested that TP53
alterations are an early event in the carcinogenesis of HNSCC. In contrast, subsequent
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studies have found that TP53 mutations represent a late event and are associated with an
invasive phenotype (Shahnavaz et al, 2000; Shin et al, 2000). Whether this is due to different
methods in the evaluation of TP53 mutations or whether they define new subgroups in the
HNSCC is still an open question. As described, TP53 mutations are frequently detected by
immunohistochemical analysis. This simple analysis is based on the finding that mutant p53
protein, adopting an altered conformation, becomes very stable, facilitating its detection and
allowing its use as a marker for gene mutation. However, not all types of mutations are
detected by this method, because some of them do not lead to protein stabilization. It is
possible that some TP53 mutations result in negative immunostaining or wild type TP53
gene may be associated with p53 protein overexpression (Strano et al, 2007). Consequently,
direct sequencing of the TP53 gene is probably the most important component for any TP53
evaluation at present.
4.1.3 Clinical evaluation of TP53 status
When the mutational analysis of TP53 and the clinical outcome in patients with HNSCC as a
whole are correlated, studies have reported contradictory results even when using the same
molecular techniques. The correlation between p53 expression and clinical outcome in
patients with HNSCC, however, has been questioned (Thomas et al, 2005) (Table 3). A
number of studies have shown that TP53 gene mutations are associated with an increased
risk for locoregional recurrence and poor outcome (Thomas et al, 2005). Furthermore, a
significant correlation between p53 expression and clinical outcome appears to be strongest
in the subgroup of patients with laryngeal SCC (Narayana et al, 1998; Nylander et al, 2000).
Although there are many studies correlating mutations or overexpression of p53 with poor
outcomes, others have shown that TP53 mutations or overexpression do not independently
predict clinical outcomes in patients with HNSCC (Thomas et al, 2005). Possible
explanations for incongruity between these studies may be due to a failure of
immunohistochemical techniques to detect actual TP53 mutations, differences between
races, variation in tissue handling and analysis techniques and variation in the definition of
overexpression (Strano et al, 2007(b); Thomas et al, 2005). In addition, differences observed
in the impact of TP53 alterations on prognosis may be due to different treatment methods.
In fact, a predictive role of TP53 mutations on treatment responses, in particular in
radiotherapy and chemotherapy, was demonstrated (Blons et al, 2003). Furthermore, in the
TP53 mutations located in the DNA binding domain, the chance of a major response to
chemotherapy treatments were inferior. Finally, the accumulation of mutant p53 protein
leads to the production of anti-p53 antibodies. Their presence is significantly correlated with
increased risks of recurrence and death (Blons et al, 2003).
4.1.4 Therapy by reactivation or elimination of mutant p53 protein
HNSCC has been one of the first tumour localities to benefit from gene transfer therapy. The
transfection of wild type TP53 into cell lines induced growth arrest and reduced
tumourigenicity in nude mice. This suggested that restoring p53 function in HNSCC could
inhibit cell growth (Strano et al, 2007(b)). Therapeutic strategies based on p53 tumour
suppressor function were initiated. One of these approaches is based on the functional
correction of mutant p53 protein using short synthetic peptides derived from the C-terminus
of wt-p53. In particular, these peptides can increase the DNA binding ability of wt-p53 and
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restore the transcriptional activity of some gain of function mutants. This application is
severely restricted by the complexity of the synthesis, stability limitations, restricted uptake
and intracellular processing. Stabilizing the native form of p53 protein (correctly folded) by
shifting the equilibrium from its denatured form was another idea. As a consequence of the
re-acquired native folding, some p53 mutants are able to activate wt-p53 target genes and
promote apoptosis (Strano et al, 2007(b)). Finally, the last therapeutic strategy is based on
the elimination of mutant p53. The efficient replication of adenovirus requires the
neutralization of p53 function through E1B viral protein. ONYX-015 is an engineered
adenovirus that does not express E1B protein and consequently is unable to inactivate p53.
The infection of tumour cells carrying TP53 mutations with ONYX-15 provokes apoptosis.
Clinical trials are underway in HNSCC patients. While the treatment with ONYX-15 alone
gave only marginal effects, its combination with cisplatin and 5-fluorouracil had a more
profound impact on the response of patients (Strano et al, 2007(b)); Perrone et al, 2010).
4.1.5 Oncogenic properties: Gain of function of mutant p53
Mutant p53 proteins are unable to transcriptionally regulate wt-p53 target genes and to
exert its antitumoral effects such as apoptosis, growth arrest, differentiation and senescence.
On the other hand, countless evidence has demonstrated that at least certain mutant forms
of the p53 protein may possess gain of function activity, thereby positively contributing to
the development, maintenance and spreading of many types of tumours, including HNSCC
(Gasco & Crook, 2003; Strano et al, 2007(a)). A great amount of in vitro and in vivo evidence
have firmly established an oncogenic role of certain missense TP53 mutations (such as
p53R175H), located especially in the DNA binding domain (Strano et al, 2007). The resulting
protein is a full-length protein, with a single aminoacid change that is sufficient to make
them unable to recognize the wt-TP53-DNA consensus on target gene promoters. In
addition, the half-life of mutant p53 protein is extremely prolonged compared to that of w.t.p53. It has been hypothesized that mutant p53 proteins could serve as oncogenic
transcription factors. By genome-wide expression profile techniques it has been shown that
p53 mutant proteins can modulate sets of genes involved in oncogenic activities (Strano et
al, 2007). Furthermore, the semiquantitative SnaPshot analysis in HNSCC TP53 mutant
patients shows a higher expression of missense mutant allele compared to w.t. These data
demonstrate that TP53 missense and nonsense mutations have a dissimilar allelic expression
imbalance (AEI) behavior in HNSCC, mostly likely independent from the LOH TP53 status.
The positive AEI in favour of TP53 missense mutations could be due to the inactivation of
w.t. allele, as well as to the higher expression or mRNA stability of mutant allele (Ganci et
al, 2011). Comparatively, the low expression of the nonsense mutations compared to the w.t.
allele in HNSCC tissue may be due to the nonsense mediated decay (MND) surveillance
pathway, which ensures the rapid degradation of the mRNAs containing premature
translation termination codons (Behm-Ansmant et al, 2007).
4.1.6 p53 as a marker for the clonal heterogeneity identification of tumor cells
The most striking features of HNSCC are its histopatological heterogeneity and the disparity
between biological behavior, which is extremely variable, and morphological classification.
It is well recognized that patients with similar stages of head and neck cancer may have a
diverse clinical course and response to similar treatment (Kearsley et al, 1990). Considerable
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intratumor heterogeneity for genetic alterations has been demonstrated, as shown in the
genetic analysis by LOH and MSI on chromosomes 17p13 (p53) and 9p21 (RPS6) (Wang et
al, 2006). They examined the differential genetic composition of the histological high-grade
and low-grade areas showing an increase of aberration proportions for both loci in the
poorly differentiated region of the tumour. Similar results were obtained by the
immunohistochemistry (IHC) analysis of mutant p53 staining from hematoxylin and eosin
HNSCC sections (Ganci et al, 2011; Wang et al, 2006; Boyle et al, 1993). A higher number of
p53 positive cells were observed in poorly differentiated regions than in moderately or well
differentiated ones (fig.2). Furthermore, data from cloning and sequencing p53 cDNA in
tumours carrying double and triple p53 mutations showed that different p53 mutated alleles
were present (Ganci et al, 2011). On the other hand, HNSCC tissues carrying double/triple
p53 mutations on different alleles showed a positive, but not homogenous p53 staining,
independently from the state of tumour cell differentiation, probably relying on the
presence of clonal populations carrying different TP53 mutations in the same tumour (Ganci
et al, 2011) (fig.2). The intratumour heterogeneity, which was also demonstrated for the
methylation status (Varley et al, 2009), could be due to multiple different processes of
carcinogenesis, where clonal populations arising within tumours may undergo separate
individual genetic changes conferring different aggressiveness capacity.

(a)

(b)

(a) p53 Y234C protein shows positive staining by IHC. A higher number of p53 positive cells was
observed in poorly differentiated (red arrow) tissue areas than in moderately or well differentiated ones
(black arrow). (b) The tissue carrying the two TP53 mutations C242Y and Del.T155-M169 (deletion of
40bp) on separate alleles shows overexpression of p53 protein. A positive, but not homogeneous, p53
staining was observed by IHC independently from the tumor cell differentiation state, probably relying
on the presence of clonal populations carrying different TP53 mutations in this tumor. Red and black
arrows indicate regions with positive and negative p53 staining, respectively, in a poorly differentiated
tumor area.

Fig. 2. p53 as a marker for the clonal heterogeneity in HNSCC
4.1.7 HPV infection and correlation with p53 status
Similar to tobacco and alcohol use, oral human papilloma virus (HPV) infection, plays a role
in the pathogenesis of HNSCC. The transforming potential of high-risk, oncogenic types (as
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HPV-16, 18), is largely a result of the function of two viral proteins, E6 and E7, which
functionally inactivate two human tumour suppressor proteins, p53 and pRB, respectively.
Expression of high-risk HPV E6 and E7 results in cellular proliferation, loss of cell cycle
regulation, impaired cellular differentiation, increased frequency of spontaneous and
mutagen-induced mutations and chromosomal instability (Chung & Gillison, 2009) (fig. 3).
HPV was detected in about 20% of HNSCC cases especially in oropharynx and oral cancer
(Leemans et al, 2011; Rosenquist et al, 2007). The possible involvement of TP53 status and
HPV infection was suggested by several studies in which HPV DNA was detected and
almost all positive cases were w.t. for TP53 (fig. 4) (Smith et al, 2010; Mitra et al, 2007). HPV
positive cancer was also associated with a significantly better prognosis than HPV negative
cases, which have a higher frequency of TP53 mutations. Altogether, these data support the
evidence that HPV positive HNSCC is a distinct pathobiological and clinical disease
component (Leemans et al, 2011).

The human papillomavirus (HPV) genome contains various early and late open reading frames and
encodes two viral oncoproteins: E6 and E7. The E6 protein binds p53 and targets the protein for
degradation (by ubiquitination), whereas the E7 protein binds and inactivates the Rb pocket proteins.
The molecular consequence of the expression of these viral oncoproteins is cell cycle entry and
inhibition of p53-mediated apoptosis, which allows the virus to replicate E6AP=E6 adaptor protein.

Fig. 3. HPV infection affects cell cycle.
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a) In HPV + HNSCC the oncoprotein HPV E6 promotes p53 degradation. Consequently p53 protein
expression is not detected in the tumor by IHC. p53 inactivation by HPV causes loss of its tumor
suppressor function.
b) In HPV- HNSCC, p53 tumor suppressor function is mainly inactivated by 17p13 deletion and/or
TP53 mutations. A subset of TP53 mutations, mainly missense mutations, show not only loss of tumor
suppressor properties, but also gain of oncogenic functions. These mutations are often associated with
p53 protein overexpression by IHC.

Fig. 4. Correlation of TP53 status and HPV infection in HNSCC
4.1.8 P72R TP53 polymorphism
A common polymorphism exists in exon 4 of the TP53 gene resulting in the expression of
either arginine (R) or proline (P) at codon 72 (Matlashewski et al, 1987). This sites is within
the apoptosis-signalling domain of the protein. The R form of w.t. p53 is more leading to the
hypothesis that individuals homozygous for R in the germ-line are at higher risk of HPV
associated cancers than carriers of other genotypes (Storey et al, 1998). Several studies have
addressed this possibility in HNSCC, but none have identified an increased frequency of
any codon 72 genotype. Despite the apparent absence in the association between codon 72
genotype and risk of HNSCC, there is evidence demonstrating that the clinico-pathological
characteristics of cancers may be affected by polymorphism (Gasco & Crook, 2003). Loss of
the 72P allele has been reported in several studies. In a small series of HNSCC from
northern Europe and Japan, there was a clear bias for TP53 mutants to target the 72R allele
and for LOH to involve the 72P. 72R mutants more potently inhibit p73, a protein belonging
to the p53 family, than equivalent 72P mutants. It is a persuasive possibility that preferential
retention of 72R mutants in HNSCC is a reflection of this activity (Gasco & Crook, 2003). The
study of the effect of this polymorphism on clinical outcomes of HNSCC will be of
great interest.
4.2 Other potential molecular prognostic markers
EGFR is a transmembrane tyrosine kinase capable of promoting neoplastic transformation.
Binding to the extracellular domain of EGFR causes the activation of a number of
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downstream effectors including the activation of tyrosine kinase and activation of
intracellular Ras, Raf and mitogen-activated protein kinase cascades. They are involved in
malignant transformation and tumour growth through the inhibition of apoptosis, cellular
proliferation, promotion of angiogenesis and metastasis. The EGFR family includes EGFR, cerbB2, c-erbB3 and c-erbB4, which have the ability to form receptor heterodimers and
crosstalk between them. Both EGF and the transforming growth factor (TGF)-alpha are
ligands that bind to EGFR (Thomas et al, 2005; Kalyanrshna & Grandis, 2006). EGFR
expression has been extensively studied in HNSCC and its overexpression reported in 3480% of HNSCC using IHC (Beckhardt et al, 1995; Grandis et al, 1993). However, EGFR
expression may occur in two stages, the over-expression in normal and well-differentiated
epithelia adjacent to the tumour and the upregulation from dysplasia to HNSCC that may
result from gene amplification. This marker has been significantly associated with short
disease-free survival, overall survival and poor prognosis in HNSCC patients (Table 3). Data
showing an increased expression of EGFR in well and moderately differentiated tumour
cells and in dysplastic tissue compared with poorly differentiated tissue, suggest that EGFR
upregulation may be an early event during HNSCC carcinogenesis. Co-expression of Her2
and Her3, which do not have intrinsic tyrosine kinase activity, is reported to increase
transforming activity, and their expression has been strongly associated with shortened
patient survival (Thomas et al, 2005). EGFR over-expression has been shown to be an
independent prognostic factor for neck node relapse in primary specimens of patients with
laryngeal cancer (Almadori et al, 1999). Increased tumour resistance to cytotoxic agents,
including radiotherapy has been associated with EGFR over-expression in HNSCC, in
addition to its association with more aggressive tumour behavior (Thomas et al, 2005). This
suggests that the evaluation of EGFR status at the time of diagnosis may help identify
subsets of patients, who are at increased risk of neck node metastasis, may have an
unfavorable radiotherapy treatment outcome and may therefore benefit from more
aggressive treatments. Several studies, however, have found no association between EGFR
and clinical stage, including lymph node status, extracapsular invasion, recurrence or
survival in specimens from HNSCC patients using IHC, Western or Southern blot
techniques (Thomas et al, 2005; Glazer et al, 2009). Qualitative and quantitative
differences in techniques for determining EGFR positivity and cut-off levels may be
significant factors contributing to the disagreement between studies. Nonetheless, the
prognostic significance of EGFR in HNSCC in a great number of studies has compelled the
development of therapeutic strategies to block EGFR signal transduction system and,
theoretically, downregulate tumour growth. The use of antibodies against EGFR or
inhibitors of tyrosine kinase in combination with chemotherapy or radiotherapy are
underway in various cancer systems including HNSCC (Glazer et al, 2009; Chang &
Califano, 2008; Uribe & Gonzalez; 2011).
Cyclin D1 (CCND1) is a proto-oncogene located on chromosome 11q13 involved in the
regulation of cell cycle transitions. Overexpression of CCND1 has been shown to shorten the
G1 phase of the cell cycle (Motokura & Arnold, 1993). Abnormalities in cyclin D1 may result
from genomic inversion, transloction or gene amplification (Leemans et al, 2011). However,
overexpression may occur in the absence of gene amplification through a not wellcharacterized mechanism, which may precede gene amplification. Early dysregulation of
CCND1 expression may occur during head and neck tumourigenesis (Izzo et al, 1998).
Amplification and/or over-expression of CCND1 have been demonstrated in 17–79% of
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tumour specimens from HNSCC patients by IHC, FISH or RT-PCR. CCND1 shows a higher
incidence in hypopharyngeal and laryngeal carcinomas between 41% and 64% and a rare
incidence (8%) in tonsillar carcinomas. Gene amplification is the most commonly reported
alteration of CCND1. Its amplification and/or overexpression have been shown to correlate
significantly with tumour extension, regional lymph node metastases and advanced clinical
stage of HNSCC (Thomas et al, 2005; Quon et al, 2001). In addition, many studies show
convincing data of CCND1 aberration as a prognostic marker for disease-free survival and
overall survival in patients with this disease (Table 3). In particular, its overexpression was
associated with an adverse disease free survival, independent of T and N (Quon et al, 2001).
In contrast, other data found no significant associations between levels of CCND1 and
survival of patients with HNSCC (Vielba et al, 2003). As most of the studies on CCND1
utilize IHC in paraffin-embedded tissue from patients with HNSCC to examine the
expression of CCND1, reasons for the differences between these studies are not clearly
evident. However, differences in parameters for grading immunohistochemical staining
may account for some of these discrepancies. In addition, the retrospective selection of
patients for analysis may influence the outcome of these studies. Several studies
documented the independent value of cyclin D1 overexpression, particularly when
combined with the loss p16 expression. In fact, significant correlation with poor clinical
outcome measures of recurrence, metastasis and survival was seen when both of these
genetic aberrations occur together than either alone (Thomas et al, 2005).
p16 protein, which is encoded by the CDKN2A tumour suppressor gene on chromosome
9p21, inactivates the function of cdk4-cdk6-cyclin D complexes (Leemans et al, 2011). Loss of
heterozygosity of the short arm of chromosome 9 (9p21-22) has been reported with high
frequency in dysplasia, carcinoma in situ and HNSCC, suggesting that this
genetic alteration may be involved in the early developmental stages of this disease
(Thomas et al, 2005). Loss of p16 expression, mostly homozygous deletions and
methylations is present in 52–82% of tumours from HNSCC patients using various detection
techniques such as IHC and RT-PCR (Thomas et al, 2005). Using fluorescence in situ
hybridization (FISH), p16 deletion was significantly associated with development of distant
metastases (Table 3) (Namazie et al, 2002). In addition, using PCR-based techniques, a
prospective study of locally advanced laryngeal SCC identified p16 mutation as an
independent predictive factor for disease relapse and death (Bazan et al, 2002). In addition,
downregulation of p16 was associated with a more locally advanced tumour (Thomas et al,
2005). HPV infection has an important role in understanding p16 role as a prognostic marker
in HNSCC. It is well established that in HNSCC detected with HPV oncoproteins, p16
overexpression or TP53 wild type have a better prognosis (Leemans et al, 2011; Smith et al;
2010). In particular, HPV infection has been demonstrated to play a role in the molecular
pathways through its viral oncoproteins, E6 and E7 (Chung & Gillison, 2009). They increase
degradation of p53 and interfere with pRB function leading to upregulation of p16 by loss of
negative feedback control. It was shown that recurrence free-survival were highest in the
HNSCC patients positive for HPV infection, having p53 wild type and overexpressing p16
(Leemans et al, 2011).
Cyclooxygenase (COX) is an enzyme that is responsible for the formation of prostanoids
(prostaglandins, prostacyclins, and thromboxanes) which are involved in the inflammatory
response. Two isoforms of Cox, Cox-1 and Cox-2, have been described. Although Cox-1 is
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constitutively expressed in various tissues, Cox-2 expression is undetectable in most tissues
and may play an important role in carcinogenesis and in the pathophysiologic progression
of HNSCC (Thomas et al, 2005; Lin et al, 2002). Overexpression of Cox-2 in premalignant
lesions such as oral Leukoplakia and HNSCC by the techniques of quantitative RT-PCR,
IHC or immunoblotting has detected (Thomas et al, 2005). Cox-2 expression can be induced
by various stimuli including a variety of cytokines, hormones and tumour promoters such
as benzopyrene, a carcinogenic agent involved in head and neck tumorigenesis. Cox-2
enzyme contributes to carcinogenesis by catalysing the synthesis of mutagens decreasing
programmed cell death or apoptosis, increasing inflammation and immunosuppression,
increasing new blood vessel formation or angiogenesis and increasing potential for invasion
and metastasis (Eling et al, 1990; Tsujii & DuBois, 1995; Gallo et al, 2001; Thomas et al, 2005).
Cytoplasmic expression of Cox-2 has been demonstrated in 70–88% of specimens from
HNSCC patients with HNSCC using IHC and in 87% of tumour specimens using RT-PCR.
In addition, expression of Cox-2 is significantly higher in tumour specimens with confirmed
cervical lymph node metastasis and in advanced and poorly differentiated tumours of
HNSCC (Table 3) (Thomas et al, 2005). Expression of Cox-2 was also found to be a
significant prognostic marker in patients with premalignant lesions (Sudbo et al, 2003), and
is an independent predictor of disease-free survival (Itoh et al, 2003), but not overall survival
in patients with OSCC. Interestingly, one study suggested that patients with Cox-2-negative
tumours, measured using IHC and Western blot analysis, had a worse clinical outcome as
compared to patients bearing a Cox-2-positive laryngeal SCC (Ranelletti et al, 2001).
Furthermore, COX-2 expression was noted in all laryngeal cancer specimens using IHC, and
again, a lack of correlation between Cox-2 expression and clinicopathologic variables such
as primary tumour size, stage, survival, recurrence or metastases was reported for these
patients (Thomas et al, 2005). Despite these results, numerous studies in various cancer
systems suggest that Cox-2 activity is important in the progression of epithelial cancers.
Vascular endothelial growth factor-A (VEGF-A) is one of the key angiogenic factors
promoting neovascularization in cancer, including HNSCC (Lim, 2005). It induces
proliferation, migration and survival of endothelial cells during tumour growth by binding
to specific tyrosine receptor kinases. Six members of the VEGF family have been identified:
VEGF-A/ vascularpermeability factor (four isoforms), VEGF-B/VEGF-related factor, VEGFC/VEGF-related protein, VEGF-D/c-fos-induced growth factor, VEGF-E and placenta
growth factor, and abnormal regulation of angiogenic factors have been implicated in the
pathogenesis of cancer. In particular, VEGF-A has been described as an important
prognostic factor in many types of human cancer (Thomas et al, 2005). Several retrospective
studies in HNSCC have demonstrated that VEGF-A (Teknos et al, 2002) and VEGF-C
(Tanigaki et al, 2004) expression is associated with clinicopathological factors and/or poor
patient’s outcome, suggesting that they could serve as a prognostic marker also in HNSCC
(Table 3). Many studies have shown that VEGF-A, as well as VEGF-C, are upregulated in
head and neck cancers, thus stimulating proliferation of vascular and lymphatic endothelial
cells, and increasing vessel permeability (Thomas et al, 2005). The enhanced angiogenic
activity could sustain growth of the primary tumour, potentiate dissemination and also
support the establishment of micrometastases (Onesto et al, 2006). This is consistent with the
strong association observed in different studies between VEGF-A expression and distant
recurrence. It was also demonstrated that VEGF-A protein levels are closely associated to
overall survival (Onesto et al, 2006). Subsequently, multivariate analysis showed that VEGF-
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A expression is an independent prognostic factor for overall survival. However, the status of
VEGF-A remains unclear since other HNSCC retrospective studies have shown no
correlation between VEGF-A expression and prognosis (Onesto et al, 2006; Thomas et al,
2005). These conflicting results may be due partly to the method of detection of VEGF-A
expression (i.e.IHC), used in most of the previous reports, and which is a semiquantitative
method. A contributing factor for these discrepant studies may be related to the lack of a
direct technique to measure angiogenic activity in tissue specimens. By using a
semiquantitative method (i.e. IHC) as well as a quantitative method (i.e. ELISA), it is shown
that VEGF-A expression is significantly associated with the tumour differentiation stage,
poorly differentiated tumours expressing higher VEGF-A levels than highly differentiated
tumours in head and neck carcinomas (Onesto et al, 2006; Thomas et al, 2005). In conclusion,
markers related to tumour neovascularization can also predict the outcome in head and
neck cancer patients.
Transforming growth factor alpha (TGF-α) is upregulated in some human cancers,
including HNSCC. It is produced in macrophages, brain cells, and keratinocytes, and
induces epithelial development. It competes with EGF for EGFR binding, which also results
in receptor activation and cellular proliferation. By using IHC analysis, it was demonstrated
that TGF alfa is elevated in HNSCC and in the adjacent histologically normal mucosa
compared to normal control mucosa. The prognostic significance of TGF alfa has not been as
widely studied as that of EGFR, but there is suggestive evidence that its overexpression may
predict an increased risk of recurrence and adverse survival in HNSCC patients (Table 3)
(Quon et al, 2001; Leemans et al, 2011).
MMPs. The capacity of head and neck cancer to invade adjacent tissues and develop
locoregional metastasis often presents serious problems in clinical management. Cancer cell
invasion, metastasis and angiogenesis is a complex, multistep process, involving the
cooperation of multiple proteolytic enzymes that are secreted by tumour and/or host cells
and whose substrates include extracellular matrix (ECM) components. The matrix
metalloproteinases (MMPs) are a family of zinc- and calcium-dependent endopeptidases
that can collectively degrade virtually all protein components of the ECM. Degradation of
collagen matrix is important for HNSCC to invade surrounding tissues and metastasize to
regional and distant organs (Thomas et al, 2005; Lim, 2005) MMP-2 and MMP-9, believed to
play a major role in tumour invasion and metastasis in HNSCC, degrade type IV collagen,
the main component of basement membrane (Stetler-Stevenson et al, 1993). MMPs can be
inactivated by naturally occurring tissue inhibitors of MMPs (TIMPs). Expression of TIMPs
has also been associated with poor prognosis in HNSCC patients (Thomas et al, 2005).
Various MMPs are over-expressed in HNSCC including MMP-2, MMP-8, MMP-9 and
MMP-13 (Thomas et al, 2005; Ha et al, 2009). These have been detected mainly with the
immunohistochemical analysis of paraffin-embedded primary tumours. MMP-9 is overexpressed in 60-92% of HNSCC and was positively correlated to the over-expression of
proto-oncogene eIF4E (Nathan et al, 2002). Correlation of expression of MMP-9 with
traditional clinicopathogic variables or with measures of clinical outcome in patients with
HNSCC remains controversial (Table 3). Over-expression of MMP-9 has been significantly
correlated with histologic grade, advanced tumour stage and lymph node metastases of
HNSCC at diagnosis. Alternatively, the correlation between the expression of MMP-9 and
traditional clinical prognostic factors such as tumour and lymph node stages has not been
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demonstrated in HNSCC patients (Thomas et al, 2005). Differences in the clinical stages of
patients at presentations and differences in treatment modalities have been proposed as
possible factors contributing to the discrepancies between these studies. The MMP-2
expression in HNSCC at the invasive front in advanced HNSCC was significantly correlated
with overall survival, early recurrence in lymph node negative patients and lymph node
metastasis (Table 3). In addition, studies from serum samples of HNSCC patients showed
that high serum levels of soluble E-cadherine, MMP-9, active MMP-13, and presence of
antibody anti-p53 were found to be significantly associated with poor survival and the
presence of lymph node metastasis (Thomas et al, 2005). This demonstrates that the
combined determination and evaluation of tumour markers may improve the diagnosis of
lymph node metastasis in HNSCC. Finally, a recent study from a genome-wide
transcriptional analysis of 25 HNSCC cell lines, having a different intrinsic cisplatin
sensitivity, showed the possible use of MMP-7 and MMP-13, as novel predictive biomarkers
for cisplatin resistance (Ansell et al, 2009).
FHIT, which is located at chromosome 3p14.2, is a tumour suppressor gene that is
frequently deleted in human cancers, including HNSCC. Loss of Fhit protein expression has
also been reported in some precancerous lesions of the oral cavity and esophagus (Tai et al,
2004). It has been found to be associated with exposure to environmental carcinogens, such
as smoking and alcohol consumption. The loss or alterations of normal FHIT function in the
context of cell growth or tumour suppression is still not known. The role of Fhit as a
prognostic marker in patients with HNSCC has not yet been clearly ascertained (Table 3).
Reduction or loss of Fhit expression can be found in 53–68% of tumour samples from
patients with HNSCC (Thomas et al, 2005). Data obtained by using IHC, Western blot and
RT-PCR methods, show that a low FHIT expression correlated with high expression of Ki67, suggest that FHIT-altered tumour cells may have high proliferation potential (Mineta et
al, 2003). However, only a few studies have found a significant correlation between Fhit
expression and prognosis of patients with HNSCC. Patients whose tumours showed low or
no expression of Fhit had significantly shorter disease-free survival (Lee et al, 2001; Tai et al,
2004). Interestingly, it has been shown that no reduction in Fhit expression by IHC predicted
a significantly poorer outcome in patients with advanced oropharyngeal cancer (OteroGarcia et al, 2004). In this study, tumours from all patients that subsequently developed
distant metastases showed no reduction of expression of Fhit. The authors did not provide a
rationale for the discrepancy between their and other studies. In other studies, authors
showed that loss of Fhit expression by IHC predicted significantly poorer overall survival
and an increased rate of distant metastases in patients with HNSCC (Tai et al, 2004). The
results of these studies suggest that Fhit expression, as a potential new marker in HNSCC, is
still in question. Further studies to elucidate the potential role of this gene in HNSCC
carcinogenesis are needed.
Several other molecular factors may provide potential prognostic information for HNSCC
patients. PTEN (Table 3), Ki67 and Bcl-2 are three of them. Ki67 is a marker
reflecting cellular proliferation. Bcl-2 plays an important role in regulating apoptosis. The
data on the prognostic role for Bcl-2 in HNSCC remain contradictory. Existing data show an
association of Bcl-2 overexpression with recurrence and poor survival. On the other hand,
there are also studies in which no correlations with clinical outcomes are reported (Ha et al,
2009; Quon et al, 2001).
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5. Molecular study of HNSCC
HNSCC is a heterogeneous disease with complex molecular abnormalities. By using high
throughput approaches generating gene expression and, more recently, microRNAs
expression profiling, researchers may obtain a molecular classification and characterization
of HNSCC, also in association with clinical parameters.
5.1 Gene expression
Gene expression signatures constitute an additional biological approach used to: identify
screening and diagnostic molecular markers, improve tumour staging (cervical lymph node
and distant metastasis prediction), differentiate lung metastasis of HNSCC from primary
lung squamous cell carcinomas, predict tumour response to therapy, and provide outcome
predictors (Lallemant et al, 2010). Two technologies are currently used: DNA microarrays,
which extensively measures the expression of thousands of genes, and qRT-PCR, which
provides a more accurate quantification of the expression of more limited number of
transcripts. From a clinical point of view, gene expression profiling should provide more
accurate information about the cancer consequently leading to a more personalized and
improved treatment strategy (Choi & Chen, 2005). To date, more than 60 gene expression
profiling studies from human clinical samples of HNSCC have been published, with
variable objectives, methods and results. The most significant source of heterogeneity
among DNA microarray profiling studies comes from the various methods of data
generation and analysis. All microarray data analyses consist of two basic steps: 1)
establishing a normalized hybridization signal for each transcript and 2) the subsequent
statistical determination of the signal variations. Perhaps, the largest drawback of
microarray-based examinations of HNSCC is the lack of a well-defined standard for their
use, interpretation and validation. Variability in tissue procurement, tumour cell isolation,
RNA extraction, choice of array platform can also explain the differences among several
HNSCC gene expression studied. For instance, some authors included samples from
different HNSCC locations, others focused on a specific site; some analyzed microdissected
tumour epitheliums, others including the surrounding stroma (Choi & Chen, 2005).
Furthermore, most studies relied on a very limited number of samples. Consequently, it is
important to set a threshold percentage value of tumour cells content and the contribution
of stromal cell contamination to genetic expression profiles. Another consideration in
microarray experimental planning is choosing appropriate controls. It is possible to use
matched or unmatched normal tissue samples as a control, in which matched tissue is taken
from the same patient from whom the tumour sample was obtained, while unmatched
sample is obtained from subjects without cancer. However, from the pooled gene expression
data, it was possible to identify a group of genes reported by multiple studies to be
significantly up-regulated and down-regulated in HNSCC (Choi & Chen, 2005; Lallemant et
al, 2010). These genes were used to encode cytoskeletal and extracellular matrix proteins,
inflammatory mediators, proteins involved in epidermal differentiation and cell adhesion
molecules (Choi & Chen, 2005). Data suggested a global downregulation of genes that
encode ribosomal proteins and enzymes in the cholesterol biosynthesis pathway, and an
upregulation of genes that encode matrix metalloproteinases and genes involved in the
inflammatory response (Choi & Chen, 2005).

96

Head and Neck Cancer

5.1.1 Identification of HNSCC in body fluids: Blood and saliva
During carcinogenesis, some cancer cells may migrate into the blood stream or be
eliminated into natural cavities like the bladder, mouth and intestines. Recovering
transcriptional biomarkers representing genetic cancer alterations in the serum, plasma,
urine, semen or saliva of patients, have already proven to be feasible and potentially useful,
even if to date there are a few and preliminary results (Sidransky et al, 1997; Lallelmant et al,
2010). In a study, researchers compared a gene expression profile in the blood serum of
HNSCC patients and control cases, aiming to identify a signature of 5 overexpressed genes
and demonstrate the utility of serum in the HNSCC diagnosis. It is important to note that
diagnostic biomarker detection in saliva of HNSCC patients is a promising field of research.
To date, most studies have focused on DNA alterations (mutations or methylation) and only
recently on mRNA detection. Among the genes correlated with the HNSCC diagnosis
identified from the saliva, there are IL1beta, OAZ1, SAT, IL8, SAT and H3F3A (Li et al, 2006;
Lallelmant et al, 2010).
5.1.2 Gene expression profile and local metastasis prediction
Metastatic spread is an extremely bad prognostic factor. It is responsible for the cause of
death in 90% of all cancer patients (Mehlen & Puisieux, 2006). When cervical lymph node
metastases are identified, more aggressive treatments are proposed either by surgery or
radiotherapy. In presence of distant metastases, the disease is considered incurable and
palliative treatments are indicated. Differences between metastatic and non-metastatic
tumours may be detected. Data from fourteen studies demonstrated that specific differences
in gene expression exist between N+ and N0 HNSCC (Lallemant et al, 2010).This difference
can be used to predict the N status on initial diagnostic biopsy. On the contrary, a few
studies have tried to find gene expression signatures that could predict the development of
distant metastasis in HNSCC, but to date, poor results have been obtained (Choi & Chen,
2005). Insufficient samples number may in part explain the failure of these studies. In this
aspect HNSCC differs from other tumour types, such as breast or prostate cancer, where a
metastasis signature was identified. Cervical lymph nodes seem to work as a filter for
metastatic cells and could be a prerequisite in hematologic spread. The acquisition by the
primary tumour of a metastatic genetic profile is not inevitably associated with the
occurrence of a distant metastasis because this cervical immunological fence can prevent or
delay their appearance (Braakhuis et al, 2006).
One of the main difficulties during the diagnosis of HNSCC is detecting microscopic tumour
clusters, known to be easily overlooked by conventional histopathological methods in
lymph nodes and/or surgical margins (Lallemant et al, 2010). Micrometastases are
responsible for cancer recurrence in the neck of patients classified as N0 and, who
consequently did not receive a prophylactic treatment either by neck dissection or
radiotherapy. Additional biomarkers may be of help to improve stratifying patients selected
for sentinel node biopsy. As suggested by preliminary results, gene expression signatures
may greatly facilitate the identification of micrometastases in N0 patients. In the same way,
the development of high frequency recurrence may be due to the presence of microscopic
cancer cells cluster in the resection margins disregarded by conventional microscopy
(Lallemant et al, 2010). Among the molecular markers with proven predictive value for
lymphatic disease are E-cadherin, podoplanin, p16, bmi-1 and LOX (Huber et al, 2011;
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Lallemant et al, 2010). Until now, the published predictive factors for metastatic disease in
early HNSCC are histomorphological parameters, like mode of invasion, depth of tumour
infiltrations, grade of differentiation, lymphatic invasion and intratumoral lymphatic
density (Huber et al, 2011). The combination of these identified molecular markers and the
histopatological features could allow individual risk stratification with possible impact on
treatment strategy.
5.1.3 Gene expression to distinguish HNSCC lung metastasis
In many cases, the most common site of a HNSCC distant metastasis is the lung tissue
(Ferlito et al, 2001). Knowledge of whether this tumour is a lung primary cancer or an
HNSCC metastasis is crucial in the patient’s decision making process in choosing
treatment. Unfortunately, in the presence of a single pulmonary nodule of squamous cell
origin, the distinction between the primary lung tumour and HNSCC metastasis is
impossible to discern (Lallemant et al, 2010). To date, only two studies have tried to
address this issue by using gene expression approach. A signature of 10 genes correctly
predicted and identified the origin of the tumour, thus suggesting the likelihood in
identifying the origin of histologically similar malignant lesions based on expression
profiling (Vachani et al, 2007).
5.1.4 Correlation between gene expression profiling and clinical outcomes
Gene expression profiling in relation to outcome prediction has been investigated to help
clinicians to better stratify patients according to tumour aggressiveness, define prognosis,
and subsequently modulate treatment intensity. The first study that reported the possible
use of gene expression profiling for outcome prediction identified a 375 gene signature that
divides the 17 patients of their cohort into two groups with slightly different survivals
(Belbin et al, 2002). Data from different studies show a set of genes which identify HNSCC
patients with high and low risk of recurrence and survival (Lallemant et al, 2010). For
instance, it seems that high level of osteonectin may be a powerful, independent predictor
for short-disease free survival interval and poor overall survival. A few studies also
combined DNA microarray and CGH data to correlate the gene expression changes with
chromosomal dosage and structure alterations (Lallemant et al, 2010). To date, the ability of
gene expression profiling to provide effective outcome predictor remains questionable and
extremely challenging.
In HNSCC, choosing the most efficient treatment for each patient is based on a TNM
evaluation. However, a certain percentage of patients do not respond to treatment. Thus,
the differences in gene expression profiles between responders and non responders may
be identified. To date, only few studies have addressed this specific issue in relation to
HNSCC (Lallemant et al, 2010). Among the identified potentially predictive genes for
therapy response there are MDM2, erb2, H-ras, VCAM-1 (Ganly et al, 2007). However,
although these studies provide support for the use of gene expression in predicting
treatment response, their results are disappointing. Another confounding factor could be
the combination of treatments used, consisting of two distinct biological mechanisms of
action. Ongoing studies focusing on the development of a predictive response signature
for radiotherapy alone or chemotherapy alone are more likely to be successful (Lallemant
et al, 2010).
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5.2 microRNAs expression profiling in HNSCC
A class of small non-coding RNAs termed microRNAs (miRNAs) has recently been
indicated as biomarker of some types of cancers (Nana-Sinkam & Croce, 2010). miRNAs are
endogenous, small, non-coding RNAs of 17-25 nucleotides that are thought to regulate
approximately 30% of human genes. miRNAs modulate gene expression at posttranscriptional level, primarily through their partial complementarity with the coding
region or 3’ untranslated region (UTR) of target mRNAs. This then leads to translational
repression and/or degradation, therefore, the regulation of gene expression (Babu et al,
2011). In rare cases, they may also promote translation (Lin et al, 2011).They are involved in
essential biological activities such as cellular differentiation, proliferation, development,
apoptosis and cell cycle regulation (Shiiba et al, 2010). The roles of miRNAs in cancer have
been extensively investigated in the past few years. The relevance of miRNAs in cancer was
suggested by the observed changes in expression patterns and recurrent amplification as
well as deletion of miRNA genes in cancer (Shiiba et al, 2010; Chen et al, 2010). It has been
shown that there are two types of cancer-related miRNAs: oncogenic or tumour suppressor
miRNAs (Table 4) (Babu et al, 2011). miRNAs expression profiling has been performed by
microarray analysis or qRT-PCR methods. Some microRNAs show consistently altered
expressions by different studies. For example, the upregulated expression of miR-21, -31, -18
and -221 has been reported in at least two different studies. Similarly, the expression of the
miR-133a, -133b, -125a, -138, -139, -200c, -26b, -302b, -302c, -342, -371, and -373 is consistently
reported to be down regulated in HNSCC (Shiiba et al, 2010). Except certain miRNAs, all
published miRNAs profiling show little agreement. This may be due to various types of
samples applied, to different qualities of material (FFPE or fresh tissue), different sampling
locations/cell lines, methods for performing the assay and scope of the array. The sampling
technique of the tumour tissue also influenced the proportion of tumor cells to non-tumor
cells that may interfere with the sensitivity of real time PCR and microarray analysis.
5.2.1 Functional analysis of miRNAs in HNSCC
Potential tumour suppressor miRs: Several miRNAs are found to act as tumour
suppressors in cancer and in HNSCC (Table 4). Reduced expression of almost all members
of let-7 family has been observed in HNSCC by several studies (Babu et al, 2011). For
example, it is shown that exogenous expression of let-7a promotes laryngeal cancer cells
dysfunction by modulating proliferation, inhibiting metastasis and inducing apoptosis
(Long et al, 2009). In addition, it was shown that let-7a affects RAS and c-Myc expression at
protein level, thus leading to the modulation of apoptotic genes and oncogenes expression.
Furthermore, reducing it into let-7d expression is associated with poor prognosis (Childs et
al, 2009). Down regulation of miR-125a/b is also observed in HNSCC by independent
studies. Functional data that involve introducing miR-125b into HNSCC cell lines result in a
reduced cell proliferation. A possible molecular mechanism contributing to this effect might
be ERBB2 targeting by miR-125a/b which has experimentally been demonstrated. In fact, a
high level of ERBB2 expression was observed in HNSCC suggesting disruption of miRNA
suppression of this gene (Babu et al, 2011). Down regulation of miR-133a/b was also
reported. Knocking-in these miRs in HNSCC cells resulted in reduced cell proliferation or
increased apoptosis (Wong et al, 2008 (a)). An increased levels of PKM2, the validated
cellular target of miR-133a/b, has also been associated with cancer progression (Wong et al,
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2008 (a)). Members of miR-200 family, such as miR-200a and miR-200b, are also down
regulated in HNSCC. They target ZEB1/2, which act as transcriptional repressors of Ecadherin. In this way, the down modulation with the miR-200 family, concomitantly to the
overexpression of miR-155, may promote epithelial mesenchymal transition (EMT) (Babu et
al, 2011; Chen et al, 2010). In addition, the role of miR-138 in metastasis has also been
demonstrated; miR-138 modulates migration and invasion through targeting RhoC and
ROCK2. The inhibition of miR-138 enhanced cell migration as well as invasion (Liu et al,
2009). The expression of other miRs, such as miR-34c and miR-204, also correlates with
invasion. Enhancing miR-204 expression directly leads to the reduction of proliferation,
invasion and migration in HNSCC cell lines (Lee et al, 2010). Also microRNAs can be
silenced by hypermethylation for the tumor suppressor genes. miR-137 and 193a are an
example; they are downregulated in HNSCC (Kozaki et al, 2008). In addition, miR-137
promoter hypermethylation is significantly associated with poorer average survival in a
study of 67 HNSCC patients (Langevin et al, 2010).
Potentional oncogenic miRs: Several miRNAs are found to act as oncogenic miRs in cancer
and in HNSCC (Table 4). Overexpression of miR-106b-25 and 17-92 clusters was observed in
cancer, including HNSCC, by independent studies (Babu et al, 2011; Shiiba et al, 2010).
These clusters, targeting p21 mRNA, are linked with cell cycle dysfunction. In fact, knockdown of both clusters in HNSCC cells results in a reduced proliferation rate. miRNAmediated deregulation of p21 is likely to play an important role in tobacco associated
HNSCC carcinogenesis because it can negatively regulate p53-mediated DNA damage
induced by carcinogens in tobacco smoke (Ivanovska et al, 2008). Another overexpressed
putative oncogenic miR identified in HNSCC is miR-221, which is able to suppress the
expression of cell cycle regulators p27 and p57 (Babu et al, 2011). Reduced expression of p27
has been well reported in HNSCC. It has even been suggested that it may act as a biomarker
for cancer progression (Queiroz et al, 2010). In addition, a role of the miR-106b-25 and 17-92
clusters in controlling TGF-beta signaling pathway, which is deregulated in HNSCC, is
emerging (Leemans et al, 2011). Another common deregulation in miRs expression in
HNSCC is the upregulation of miR-21. Transfection of this miR into HNSCC cell lines
results in significant increased growth rate whereas inhibitor-driven knock-down of miR-21
reduces cell proliferation. Furthermore, the inhibition of miR-21 was demonstrated to
enhance cytocrome-c release, thereby promoting apoptosis (Babu et al, 2011). Finally, miR155 shows an increased level of expression in several cancers including HNSCC and its
possible role in the carcinogenesis has been investigated (Babu et al, 2011).
5.2.2 miRNAs as prognostic and diagnostic biomarkers associated with HNSCC:
Correlation with clinical outcomes
Several investigators have empathized the role of miRs as biomarkers for HNSCC (Table 5).
In a recent study focusing on identifying miRNAs expression signatures in association with
progressive leukoplakia using sequentially progressive samples, researches built a multimiR prognosis predictor (Cervigne et al, 2009; Babu et al, 2011). The predictors are
composed of eight miRs. According to the proposed model of miR changes during the
progression from leukoplakia to OSCC, the over-expression of a subset of miRs (miR-146b,
miR-181b, miR-21, miR-345, mR-518b, miR-520g, miR-649 and miR-184) may be considered
an early detectable event in oral tumour progression. This is because they were commonly
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Oncogenic miRs
miR-106b-25 cluster
miR-17-92 cluster
miR-221
miR-21
miR-155
miR-31
miR-184
Tumor suppressor
miRs
Let-7 family
miR-125a/b
miR-133a/b
miR-200 family
miR-1

References
- Ivanovoska et al, 2008;
- Petrocca et al, 2008.
- Petrocca et al, 2008
- Avissar et al, 2009 (a)
- Cervigne et al, 2009;
- Kimura et al, 2010.
- Chang et al, 2008;
- Hui et al, 2010;
- Ramdas et al, 2009 .
- Liu et al, 2010
- Wong et al, 2008 (b);
- Wong et al, 2009.
- References
- Chang et al, 2008;
- Hui et al, 2010;
- Ramdas et al, 2009.
- Henson et al, 2009;
- Park et al, 2009.
- Nohata et al, 2011
- Park et al, 2009;
- Nohata et al, 2011

Table 4. Altered microRNAs in HNSCC
deregulated in progressive and malignant lesions and were unchanged or under-expressed
in non-progressive lesions. In particular, miR-345, miR-21 and miR-181b are strongly
associated with increased lesion severity during the transition from histologically premalignant to malignant lesions. According to this model, the final stages of carcinogenesis
may also involve changes in miR-196a and miR-206, which appear under-expressed in
premalignant lesions and over-expressed in carcinomas. Interestingly, these miRs are
predicted to target cancer-associated genes, e.g. TNFRSF10B, ACAT1, NFIB, CCL1, MSH2,
ACYP1 and PCBP2 (miR-21); GRM1, MAP3K10, CCDC42, SNHG5 (miR-181b); TSPO,
RFXDC1, ZNF133, MORN3 (miR-345) (Cervigne et al, 2009). However, the usefulness of
miRs as prognostic factors has only begun to be explored. Data from the study of miR-205
and Let-7d expression showed their association with locoregional occurrence and shorter
survival (Childs et al, 2009). In addition, high expression of miR-205 can be used to detect
positive lymph nodes, suggesting that this miR can be considered as a marker for metastatic
HNSCC (Fletcher et al, 2008). Another similar study identified lower expression levels of
miR-451 in HNSCC tumours as a strong predictor for recurrence (Hui et al, 2010). In a study
that looked into identifying diagnostic miRs in the saliva, researchers reported significantly
low levels of miR-125a and 200a in the saliva of OSCC patients compared to control subjects
(Park et al, 2009). Another recent study reported high levels of miR-184 and miR-31 in
plasma of OSCC (Wong et al, 2008 (b), 2009). The study also showed that miR-184 has
antiapoptotic functions in HNSCC cell lines. In fact, the inhibition of its expression can
reduce cell proliferation rates. Finally, an association with higher expression of miR-211 and
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most advanced nodal metastases, vascular invasion and poor prognosis was demonstrated
in HNSCC (Chang et al, 2008).
Putative miR
marker
mir-205

Let-7d

miR-211

miR-31

miR-125a, 200a

miR-184

miR-137

miR-21

Properties as marker
 Prognostic value:
 low expression is associated with loco-regional
recurrence.
 low expression of both miR-205 and let-7d is
associated with poor survival
 role of miR-205 down-regulation in epithelialmesenchymal transition of head and neck
spindle cell carcinoma
 miR-205 expression as a marker for detection
of metastatic HNSCC
 Prognostic value:
 down-regulation of let-7d in combination with
miR-205 low expression is associated with
poor survival
 let-7d down-regulation promotes epithelialmesenchymal transition (EMT) and have a role
in chemoresistance
 Prognostic value:
 high miR-211 expression is associated with a
worse survival rate
 Diagnostic marker:
 detection of high miR-31 expression in plasma
from oral cancer patients
 miR-31 expression in plasma is remarkably
reduced after tumor resection
 Diagnostic marker:
 detection of low miR-125a and miR-200a
expression levels in the saliva of oral cavity
cancers
 Diagnostic marker:
 detection of high mir-184 expression in plasma
from oral cancer patients
 miR-184 expression in plasma is remarkably
reduced after tumor resection
 Prognostic marker:
 miR-137 promoter methylation is associated
with poor overall survival
 miR-137 aberrant methylation is more evident
in female gender
 Prognostic value:
 elevated miR-21 level was associated with
worse survival outcome;
 high expression of miR-21, in combination
with miR-181b and miR-345 is associated with
increased severity during progression

References
- Childs et al, 2009;
- Fletcher et al, 2008;
- Kimura et al, 2010;
- Zidar et al, 2011.

- Chang et al, 2011;
- Childs et al, 2009.

- Chang et al, 2008

- Liu et al, 2010.

- Park et al, 2009.

- Wang et al, 2009;
- Wong et al, 2008 (b).

- Langevin et al, 2010.

- Avissar et al, 2009 (a);
- Cervigne et al, 2009;
- Fu et al, 2011;
- Kimura et al, 2010.
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marker
miR-210

miR-451
miR-221, miR-375
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Properties as marker

References

 Marker of hypoxia and prognostic/predictive - Gee et al, 2010
value: demonstrated functional role in tumor
survival under hypoxia
 Strong predictor for relapse
- Hui et al, 2010
 Diagnostic marker:
- Avissar et al, 2009 (a)
 the expression ratio of miR-221 to miR-375 can
distinguish the normal from tumor tissue

Table 5. microRNAs as putative biomarker in HNSCC
5.2.3 Aetiologic agents and correlation with miRNAs expression
Despite the relative recent discovery of microRNAs and their association with cancer, their
correlation with the aetiologic agents of HNSCC is still ongoing. Until now, very few studies
have focused on this area. Data from multivariate analyses showed that expression of miR375 increases with alcohol consumption. Though expression of miR-375 is lower in tumours
compared to normal tissues, fine-tuning of miRNA expression can occur at the level of the
tumour microenvironment and can vary according to exposures and locations of the tumour
(Avissar et al, 2009 (b)). In this case, alcohol consumption may contribute to the altered
expression of miR-375 within HNSCC tumours. The regulation of miRNAs is complex and
perturbations of the normal homeostatic mechanisms responsible for overall epigenetic
stability could play a crucial role in potentially carcinogenic gene expression. Higher
expression of miR-375 was also found in pharyngeal and laryngeal tumours compared with
tumours of the oral cavity (Avissar et al, 2009 (b)). This observation is consistent with
several findings indicating that miRNA profiles are tumour and cell-type specific which can
even accurately differentiate tumour subtypes. Furthermore, the productivity for differential
expression of miR-375 in tissues might reflect etiology. The significant association observed
between drinking and miR-375 expression coupled with its tendency for higher expression
in pharyngeal and laryngeal tumours may suggest that the deregulation of miRNA by
exposures occurs preferentially in certain tissues (Avissar et al, 2009 (b)). Until now, there is
no apparent evidence on the correlation of microRNAs expression and tobacco smoke in
HNSCC. It is known that alcohol and tobacco use are predisposing factors for developing
HNSCC, but HPV is also known to be associated with HNSCC, especially in the oral cavity
and oropharynx cancer. HPV positive tumours have distinct clinical, molecular and
prognostic features (Leemans et al, 2011). Until now, there is only one study on the
microRNAs expression profiling analysis and HPV status information of HNSCC patients
(Lajer et al, 2011). Researchers using a microarray approach have observed that HPV clearly
has an influence on the miRNAs expression profile on a set of 49 oral cavity and
oropharynx patients compared to 39 control subjects. In particular, miR-145, 125a, and 126
were reduced in HPV-positive HNSCC patients, while miR-363 expression was increased
(Lajer et al, 2011).
5.4.4 An overview on therapy in HNSCC: Curcumin as a potential therapeutic agent
Standard treatment regimens for head and neck cancer depend on the stage of the disease.
Early stage (stage I and II) tumours are treated primarily with surgery or radiotherapy, or
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with a combination of both modalities resulting in similar local control and survival rates.
Radiation may also be used postoperatively when surgical margins are close or positive, or
if a perineural or lymphovascular invasion by tumour is found. More advanced (stage III
and IV) cancers often require a combination of therapies consisting of surgery, radiation and
chemotherapy which can result in a very high morbidity (Wilken et al, 2011). Platinumbased agents form the backbone of the standard chemotherapeutic regimens for head and
neck cancer. Cisplatin (cis diamminedichloroplatinum) is a widely used drug in the class of
platinum-based chemotherapies. The efficacy of cisplatin in HNSCC is greatly increased
when combined with other chemotherapeutic agents, such as taxanes (paclitaxel and
docetaxel) and 5 fluorouracil (5-FU) (Adelstein et al, 2010). The potential adverse effects
from the treatment for HNSCC are numerous (Wilken et al, 2011). Despite continuing
research and advances in treatment, the clinical outcomes and overall survival rates for
HNSCC have not improved significantly over the last several decades, with an overall 5year survival rate as low as 50%. As a result, there has been continuing investigation into
potential alternative and less toxic therapies for head and neck cancer, aiming to achieve a
more favorable clinical outcome while reducing treatment morbidity. The class of
molecularly targeted therapies against the epidermal growth factor receptor (EGFR) is one
such example, as EGFR is overexpressed in a number of head and neck cancers (Chang &
Califano, 2008). Cetuximab is an anti-EGFR monoclonal antibody that was approved by the
Food and Drug Administration in 2004 for the treatment of advanced colon cancer. In 2006,
Cetuximab was approved for use in head and neck squamous cell carcinoma both in
combination with radiotherapy for advanced HNSCC as well as single-agent therapy for
platinum-refractory head and neck cancer. Several studies of cetuximab as an adjuvant
agent with radiotherapy have demonstrated improved locoregional control and statistically
significant increases in both progression-free and overall survival (Wilken et al, 2011). The
addition of cetuximab to standard platinum-based chemotherapy in platinum-resistant
recurrent or metastatic head and neck cancer has also been studied and demonstrated
increased treatment efficacy and improved overall survival without a significant increase in
toxicity (Wilken et al, 2011). Multiple molecular pathways such as NF-kB activation, EGFR
and PI3K/AKT/mTOR signaling, STAT3 expression, the MAP kinase cascade and VEGF
mediated angiogenesis have been shown to be deregulated in HNSCC and represent
potential therapeutic targets (Choi & Chen, 2005; Leemans et al, 2011). While some
promising results from such targeted therapies have been obtained, the complexity of
interaction between these signaling pathways may contribute to the limited clinical response
seen with the use of single-agent biologic therapies. Curcumin (diferuloylmethane) is a
polyphenol derived from the Curcuma longa plant, commonly known as turmeric. Curcumin
has been used extensively in Ayurvedic medicine for centuries, as it is nontoxic and has a
variety of therapeutic properties including anti-oxidant, analgesic, anti-inflammatory and
antiseptic activity (Wilken et al, 2011). More recently curcumin has been found to possess
anti-cancer activities, mostly via its effect on a variety of biological pathways involved in
mutagenesis, oncogene expression, cell cycle regulation, apoptosis, tumorigenesis and
metastasis (Wilken et al, 2011). Curcumin has shown an anti-proliferative effect in multiple
cancers, and is an inhibitor of the transcription factor NF-kB and downstream gene products
(including c-myc, Bcl-2, COX-2, NOS, Cyclin D1, TNF-alpha, interleukins and MMP-9). In
addition, curcumin affects a variety of growth factor receptors and cell adhesion molecules
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involved in tumour growth, angiogenesis and metastasis (Wilken et al, 2011). As a natural
product, curcumin is nontoxic. It has been studied in various in vitro and vivo models of
head and neck squamous cell carcinoma with promising results. An overview of the current
literature supports the spice’s utility in the treatment of head and neck cancer and its effect
as a chemopreventive agent (Wilken et al, 2011).

6. Conclusions
To date, the study of molecular prognostic factors has been an evolution motivated by the
desire to define more homogenous groups of patients for treatment selection. Expression of
these markers in diagnostic biopsy specimens may be an additional tool for selecting
patients that may benefit from more aggressive treatment. Although these findings may
help focus on selecting markers for further analysis for their value in the understanding and
management of HNSCC, there are limitations to utilizing the list of molecules such as genes,
microRNAs or proteins. Disagreement between studies may be due to the variety of tumour
sites, sensitivity of the techniques used, quality of the specimens studied and the arbitrary
cut-off values setted. More importantly, a lack of uniformed curative protocols throughout
these studies may significantly affect their outcome, as the choice of a treatment method
may have a great impact on long term survival of HNSCC patients. Although the
pathobiology of many of the biomarkers in HNSCC provides sufficient rationale for clinical
trials on single potential therapeutic agents, a multimarker strategy in addition to clinical
parameters, is likely to add importance to the risk management of patients with or at risk of
HNSCC. In this regard, microarray technology may provide a means for screening HNSCC
samples for the presence or absence of a large number of genes or other molecules
simultaneously. Many studies strongly suggest that miRNAs play a crucial role and may be
a biomarker in HNSCC. There is a great deal of evidence demonstrating how altered
expression of selected miRNAs may contribute to the deregulation of biological pathways
involved in cancer such as cell cycle, apoptosis, epithelial-mesenchimal transition.
Elucidation of the molecular mechanisms for miRNAs that are strong predictors of clinical
outcomes can lead to a more complete picture of the role of miRNAs in HNSCC. Thus,
detailed investigations of miRNAs, concerning intercommunication among miRNAs and
between miRNAs and mRNAs, altered protein expression induced by miRNAs and site
specific miRNAs expression profiling, are required accordingly before future clinical trials
of therapeutic applications. For instance, antisense targeting of miRNAs for therapeutic
purposes is emerging as a promising approach.
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1. Introduction
HNSCC (head and neck squamous cell carcinoma) is the sixth most common neoplasm
worldwide (Cripps et al., 2010). Approximately 600,000 new cases are reported each year
(Cripps et al., 2010), and in the past 30 years recurrent and/ or metastatic HNSCC has had a
poor prognosis (Forastiere et al., 2001; Khuri et al., 2000). More than 50% of newly
diagnosed patients do not achieve complete remission, and in approximately 10% of
HNSCC cases relapse with metastasis to distant organs has been reported (van Houten et
al., 2000). Therefore, research focused on gaining a better understanding of this disease and
the development of novel treatment strategies is required.
Epidermal growth factor receptor (EGFR), a ubiquitously expressed transmembrane
glycoprotein belonging to the ErbB/HER family of receptor tyrosine kinases (TK), is
composed of an extracellular ligand-binding domain, a hydrophobic transmembrane
segment and an intracellular TK domain. When ligands bind to EGFR the receptor
undergoes a conformational change that promotes homo- or hetero-dimerization with other
members of the ErbB/HER family of receptors; subsequent autophosphorylation and
activation of the TK domain ensues (Ciardiello  Tortora, 2003). Activation of EGFR leads to
activation of intracellular signaling pathways that regulate cell proliferation, invasion,
angiogenesis and metastasis.
EGFR is expressed at high levels in the majority of epithelial malignancies including
HNSCC. Elevated expression of EGFR in HNSCC correlates with poor prognosis, and it has
long been a target of anticancer treatments owing to its critical role in cell survival and
proliferation. Numerous tyrosine kinase inhibitors with the Food and Drug Administration
(FDA) approval have been developed to target EGFR including gefitinib, erlotinib and
lapatinib (Carter et al., 2009). These molecules are reversible competitors, competing with
ATP for the tyrosine kinase binding domain of EGFR. By inhibiting receptor activation,
downstream signaling pathways are inhibited, leading to a decrease in cell proliferation and
survival. EGFR signaling activates a number of downstream effectors including the
phosphatidylinositol-3-kinase (PI3Kinase)/Akt pathway.
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2. Rare EGFR mutations in HNSCC
Somatic mutations in the TK domain of the EGFR gene (in-frame deletion in exon 19, L858,
G719X and L861Q) are associated with increased sensitivity to EGFR tyrosine kinase
inhibitors (TKIs) and are present in 10~30% of non-small cell lung carcinoma (NSCLC) cases
depending on ethnic origin. These mutant EGFRs selectively activate signal transduction
and activator of transcription (STAT) signaling pathways and Akt, which promote cell
survival. However, they have no effect on extracellular signal-regulated kinase signaling,
which induces proliferation. Furthermore, mutant EGFRs selectively transduce survival
signals, and inhibition of those signals by TKIs could contribute to the efficacy of a drug
used to treat NSCLC (Sordella et al., 2004). However, molecular analysis of HNSCC tumor
samples has not revealed the same spectrum of mutations (Loeffler-Ragg et al., 2006; Ozawa
et al., 2009; Taguchi et al., 2008).
A resistance mutation has emerged in EGFR and is known as T790M. It is a missense
mutation in the kinase domain that could help to explain resistance to TKIs in NSCLCs
exhibiting L858R (Wong, 2008). However, we did not detect this mutation in 86 HNSCC
tumor samples (Baba et al., 2011).

3. Inhibition of PI synthesis in HNSCC
3.1 Anti-proliferation
An imbalance between G1 cyclin and CDK (cyclin-dependent kinase) inhibitors (CKIs)
contributes to tumorigenesis and tumor progression. Cyclin D1/PRAD1 acts as a positive
regulator of the cell cycle via phosphorylaton of pRB (Rb protein), and the formation of a
cyclin D1-CDK4 complex. When pRB is hyperphosphorylated by CDKs, pRB release E2F,
and E2F is necessary for the activation of a gene expression network that regulates entry and
progression through S phase.
CKIs are classified into two groups: members of the Ink4 family (p15, p16, p18, and p19) for
cyclin D/CDK4 or cyclin D/CDK6, and the cip/kip family (p21, p27, and p57) for cyclin
D/CDK4 and cyclin E/CDK2 (Baba et al., 2000a). Over-expression of cyclin D1 in HNSCC is
an important prognostic marker, predicting sensitivity to chemotherapy and radiotherapy
(Fujii et al., 2001; Ishiguro et al., 2003; Nishimura et al., 1998). Furthermore, imbalance
between cyclin D1 and its inhibitors (p16 and p27) could be critical in the development of
HNSCC (Baba et al., 1999, 2001a). Strategies to block cyclin D1 function have been studied
extensively; for example, Nakashima et al. (Nakashima  Clayman, 2000) reported that
introduction of an antisense cyclin D1 expression vector into cells reduced their growth rate
in vitro and decreased tumorigenicity in athymic nude mice. We have previously reported
that inhibition of PI synthesis caused G1 arrest of HNSCC accompanied by decreased levels
of cyclin D1, cyclin E and phosphorylated pRB (Baba et al., 2001b).
3.2 Inhibition of matrix metalloproteinase (MMP) production/ activity
Tumor metastasis is a complex multistep process including growth at the primary site, entry
into the circulation (intravasation), adhesion to the basement membranes (BM) of target
organs, extravasation and growth at secondary sites. Among these steps, the intravasation
and extravasation processes involve degradation of the BM by proteinases, such as some
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MMPs. MMP-9/gelatinase B and MMP-2/gelatinase A have specificity for type IV collagen,
which acts as the backbone of BM, and therefore probably play a major role in degrading the
BM. In HNSCC, MMP-2 and MMP-9 are associated with metastatic potential. Indeed,
inhibition of MMP-2 and MMP-9 production lead to repress invasive activity of HNSCC
cells (Baba et al., 2000b). Therefore, MMPs are attractive therapy targets and many drugs
have been developed to prevent their extracellular matrix-degrading activities during
metastasis and angiogenesis.
3.3 Anti-angiogenesis
Angiogenesis, the formation of new blood vessels from pre-existing capillaries or
incorporating bone marrow-derived endothelial precursor cells into growing vessels, is
associated with the malignant phenotype of cancer. In addition, it also plays a role in
diverse diseases such as diabetic retinopathy, age-related macular degeneration, rheumatoid
arthritis, psoriasis, atherosclerosis and restenosis (Cherrington et al., 2000). Clinical
association of tumor vascularity with tumor aggressiveness has been demonstrated in a
wide variety of tumor types including HNSCC. Therefore, determining microvessel density
in tumor tissues can be useful in the estimation of a patient’s prognosis. Inhibition of
angiogenesis can repress the growth rate of tumor cells and lead to cell death resulting from
reduced nutrition and oxygen supply to the tumor. VEGF (vascular endothelial growth
factor), which plays a major role in many angiogenic processes, binds to its receptor Flk1/KDR in order to stimulate endothelial cell (EC) proliferation through the phospholipase
Cγ-protein kinase C-ERK (extracellular signal-regulated kinase) pathway, but not via Ras
(Takahashi et al., 1999). In addition, VEGF stimulates EC migration through p38 MAPK
(mitogen-activated kinase) independently of ERK (Rousseau et al., 1997). Therefore, these
two major MAPK pathways are eligible targets for therapeutic reduction of angiogenesis
in HNSCC.
Most clinical trials concerning anti-angiogenic agents have been conducted in patients with
advanced disease that had become resistant to conventional therapies. Phase III trials of
these agents have compared the efficacy of standard chemotherapy alone and in
combination with an experimental angiogenesis inhibitor (Gotink  Verheul, 2010). The
results of some studies were negative or controversial, but several recent clinical trials in
which VEGF signaling was blocked demonstrated a significant clinical benefit (Ho  Kuo,
2007). SU11248, a tyrosine kinase inhibitor of the Flk-1/KDR receptor (VEGF receptor) and
bevacizumab, a monoclonal antibody to VEGF, have been approved by FDA (Ho  Kuo,
2007). Furthermore, we have demonstrated that the inhibition of PI abrogated stimulation
by VEGF on the growth and migration of human umbilical vein ECs through the ERK-cyclin
D1 and p38 pathways, respectively (Baba et al., 2004). Because increased PI synthase
expression is an early event in HNSCC (Kaur et al., 2010), inhibition of PI synthesis could be
a potent therapeutic strategy for HNSCC (Baba et al., 2010).

4. Resistance to EGFR TKIs
In a phase II trial gefitinib was administered to patients with recurrent or metastatic HNSCC
and the overall response rate was 11% (Cohen et al., 2003). Furthermore, in a similar study
carried out on patients with recurrent and /or metastatic HNSCC, the response rate to
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erlotinib was 4% (Soulieres et al., 2004). This is suggesting that multiple intracellular
signaling pathways are involving to associate tumor survival, growth, and the other
malignant phenotype.
4.1 Ras mutations
Previous reports have indicated that activating K-ras mutations could induce activation of
the Ras/mitogen activated protein kinase (MAPK) pathway independent of EGFR, which in
turn induces resistance to TKIs (Eberhard et al., 2005). The data suggest that K-ras mutation
causes insensitivity to TKIs. In HNSCC, H-ras mutations are more common than K-ras
mutations and may play an important role in resistance to EGFR-targeted therapies
(Anderson et al., 1994).
4.2 Epithelial-Mesenchymal Transition (EMT)
EMT, a change in the morphology and motility of cells that is indicated by increased vimentin
expression, decreased expression of E-cadherin and increased expression of claudins 4 and 7,
has been associated with gefitinib resistance in HNSCC (Frederick et al., 2007).
4.3 Upregulation of cyclin D1
Upregulation of cyclin D1 in HNSCC cell lines is specifically associated with resistance to
gefitinib; retinoblastoma protein (pRb) is hyperphosphorylated by cyclin D1-cyclin
dependent kinase 4 (CDK4) (Kalish et al., 2004).
4.4 Cortactin
Recently, increased expression of cortactin, a protein that increases the formation of actin
networks critical to cell motility and receptor-mediated endocytosis, has been associated
with gefitinib resistance and increased metastasis in HNSCC (Timpson et al., 2007).
Akt has been implicated in EMT by integrin-linked kinase (ILK). The PI3Kinase/Akt
pathway not only regulates the transcriptional activity of cyclin D1, but also increases its
accumulation by inactivating glycogen synthase kinase-3 (GSK3), which targets cyclin D1
for proteasomal degradation. The effect of cortactin on cancer cell proliferation is associated
with increased activation of Akt (Timpson et al., 2007). Therefore, factors related to
resistance to EGFR TKIs are associated with the PI3kinase/Akt pathway.

5. PI3kinase/Akt pathway
5.1 Activation of the PI3kinase/Akt pathway
Signaling through the PI3kinase/Akt pathway can be initiated by several mechanisms, all of
which increase activation of the pathway in cancer cells. Once activated, the PI3kinase/Akt
pathway can be propagated to various substrates including mTOR, a master regulator of
protein translation. The pathway is initially activated at the cell membrane, where the signal
for activation is propagated through class IA PI3kinase. Activation of PI3kinase can occur
through tyrosine kinase receptor for EGF and insulin-like growth factor-1 (IGF-1). Integrins
and G-protein-coupled receptors (GPCRS) are also known to activate it. PI3kinase catalyzes
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phosphorylation of the D3 position on phosphoinositides to generate the biologically active
moieties phosphatidylinositol-3,4,5-triphosphate (PI(3,4,5)P3) and phosphatidylinositol-3,4bisphosphate (PI(3,4)P2). PI(3,4,5)P3 binds to the pleckstrin homology (PH) domains of
PDK-1 (3’-phosphoinositide-dependent kinase 1) and Akt, resulting in the proteins being
translocated to the cell membrane where they are subsequently activated. The tumor
suppressor PTEN (phosphatase and tensin homolog deleted on chromosome ten)
antagonizes PI3kinase by dephosphorylating PI (3,4,5)P3 and (PI(3,4)P2), thereby preventing
activation of Akt and PDK-1. Akt exists as three structurally similar isoforms, Akt1, Akt2
and Akt3, which are expressed in most tissues. Activation of Akt1 occurs through two
crucial phosphorylation events. The first, carried out by PDK-1, occurs at T308 in the
catalytic domain. Full activation requires a subsequent phosphorylation at S473 in the
hydrophobic motif, which can be mediated by several kinases including PDK-1, ILK, Akt
itself, DNA-dependent protein kinase and mTOR; phosphorylation of homologous residues
in Akt2 and Akt3 occurs by the same mechanism. Phosphorylation of Akt at S473 is
controlled by a recently described phosphatase, PHLPP (PH domain leucine-rich repeat
protein phosphatase), that has two isoforms that preferentially decrease activation of
specific Akt isoforms (Brognard et al., 2007). Amplification of Akt1 has been described in
human gastric adenocarcinoma, and amplification of Akt2 has been described in ovarian,
breast and pancreatic carcinoma (Bellacosa et al., 1995; Cheng et al., 1996). Although Akt
mutations are rare, Carpten et al. (Carpten et al., 2007) recently described somatic mutations
occurring in the PH domain of Akt1 in a small percentage of human breast, ovarian and
colorectal cancers.
5.2 Downstream substrates of activated Akt
Akt recognizes and phosphorylates the consensus sequence RXRXX (S/T) when it is
surrounded by hydrophobic residues. This sequence is present in many proteins resulting in
numerous Akt substrates being identified and validated. These substrates control key
cellular processes such as apoptosis, cell cycle progression, transcription and translation. For
example, Akt phosphorylates the FoxO subfamily of forkhead family transcription factors,
inhibiting transcription of several pro-apoptotic genes including Fas-L, IGF Binding
Protein1 (IGFBP1) and Bim. Additionally, Akt can directly regulate apoptosis by
phosphorylating and inactivating pro-apoptotic proteins such as BAD, which controls the
release of cytochrome c from mitochondria, and apoptosis signal-regulating kinase-1
(ASK1), a mitogen-activated protein kinase kinase involved in stress- and cytokine-induced
cell death. In contrast, Akt can phosphorylate IkappaBalpha kinase (IKK), which indirectly
increases the activity of nuclear factor kappa B (NFκB) and stimulates the transcription of
pro-survival genes. Cell cycle progression can also be affected by Akt; inhibitory
phosphorylation of the cyclin-dependent kinase inhibitors p21 and p27, and inhibition of
GSK3β by Akt, stimulates cell cycle progression by stabilizing cyclin D1 expression. A novel
pro-survival Akt substrate, PRAS40 (proline-rich Akt substrate of 40kDa), has been
described recently (Vander Haar et al., 2007). Phosphorylation of PRAS40 by Akt attenuates
its ability to inhibit mTORC1 kinase activity. It has been suggested that PRAS40 could be a
specific substrate of Akt3 (Madhunapantula et al., 2007). Therefore, Akt inhibition could
have pleiotropic effects on cancer cells that contribute to an anti-tumor response. The moststudied downstream substrate of Akt is the serine/threonine kinase mTOR (mammalian
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target of rapamycin). Akt can directly phosphorylate and activate mTOR, and indirectly
activate it by phosphorylating and inactivating TSC2 (tuberous sclerosis complex 2, also
called tuberin), which normally inhibits mTOR through the GTP binding protein Rheb
(Ras homolog enriched in brain) (Inoki et al., 2003). When TSC2 is inactivated by
phosphorylation, the GTPase Rheb is maintained in its GTP-bound state, allowing
increased activation of mTOR (Inoki et al., 2005). mTOR exists in two complexes: the
TORC1 complex, in which mTOR is bound to Raptor; and the TORC2 complex, in which
mTOR is bound to Rictor. In the TORC1 complex, mTOR signals to its downstream
effectors S6 kinase/ribosomal protein and 4EBP-1/eIF-4E, to control protein translation
(Inoki et al., 2005). mTOR is generally considered to be a downstream substrate of Akt,
but it can phosphorylate Akt when bound to Rictor in TORC2 complexes (Sarbassov et al.,
2005), and this could provide positive feedback in the pathway. In addition, the
downstream mTOR effector S6 kinase-1 (S6K1) can regulate the pathway by catalyzing an
inhibitory phosphorylation on insulin receptor substrate (IRS) proteins. This prevents
IRS proteins from activating PI3kinase, thereby inhibiting activation of Akt (Harrington et
al., 2004).
5.3 Rationale for targeting the PI3kinase/Akt pathway
In addition to preclinical studies, clinical observations support the targeting of the
PI3kinae/Akt/mTOR pathway in human cancer (Vogt et al., 2009). Immunohistochemical
studies using antibodies that recognize Akt phosphorylated at S473 have demonstrated
that activated Akt is detectable in cancers including head and neck cancer (Gupta et al.,
2002). Tsurutani et al. (Tsurutani et al., 2006) recently extended these studies using
antibodies against S473 and T308, two sites of Akt phosphorylation. This study
demonstrated that Akt activation is selective for NSCLC versus normal tissue, and that
phosphorylation of Akt at both sites is a better predictor of poor prognosis in NSCLC than
phosphorylation of S473 alone. In addition, amplification of Akt isoforms has been
observed in some cancers, albeit at a lower frequency. Another frequent genetic event
occurring in human cancer is loss of function of the tumor suppressor PTEN. PTEN
normally suppresses activation of the PI3kinase/Akt/mTOR pathway by functioning as a
lipid phosphatase. Loss of PTEN function in cancer can occur through mutation, deletion
or epigenetic silencing. In tumor types where PTEN mutations are rare such as lung
cancer, epigenetic silencing can occur (Forgacs et al., 1998). Several studies have
demonstrated the prognostic significance of PTEN loss in multiple human cancers where
mutation, deletion or epigenetic silencing of PTEN correlates with poor prognosis and
reduced survival (Bertram et al., 2006). Collectively, these studies have established that
the loss of PTEN is a common mechanism for activation of the PI3kinase/Akt/mTOR
pathway and led to poor prognostic factor in human cancer. Activation of PI3Kinase has
been described in human cancers. It can result from amplification, over-expression, or
mutations in the p110 catalytic or p85 regulatory subunits. Amplification of the 3q26
chromosomal region, which contains the gene PI3KCA that encodes the p110α catalytic
subunit of PI3K, occurs in 40% of ovarian and 50% of cervical carcinomas (Ma et al., 2000;
Shayesteh et al., 1999). Somatic mutations of this gene have been detected in several
cancer types and result in increased kinase activity of mutant PI3K relative to wild-type
PI3K (Samuels  Ericson, 2006). Mutations in the regulatory p85 subunit have also been
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detected. Any of the aforementioned alterations in individual components would result in
activation of the PI3 kinase/Akt pathway, and studies suggest that pathway activation is
one of the most frequent molecular alterations that occur in cancer (Samuels 
Ericson, 2006).

6. Cross talk between the IGF1 receptor (IGF1R) and EGF receptor (EGFR)
pathways through PI3 kinase/Akt
The phenomenon of growth factors switching from one pathway to another has an
adaptive component, which could be induced by blocking the dominant growth factor
receptor pathway. Blockade of EGFR signaling has been demonstrated to result in the
enhancement of the growth promoting effects of the peptide growth factor ligands basic
fibroblast growth factor and IGF-1 in DU145 and PC-3 human prostate cancer cells,
respectively (Jones et al., 1997). More recently, the substantial growth inhibitory effects of
the EGFR-selective tyrosine kinase inhibitor gefitinib on EGFR-positive MCF-7-derived
tamoxifen-resistant breast cancer cells, has been demonstrated. Furthermore, this effect
can be subverted by additionally exposing cells to non-EGF ligands such as heregulin-β
and IGF-II (Knowlden et al., 2005). The reversal of the anti-tumor effects of gefitinib by
IGF-II, acting through the IGF-1R, is accompanied by a reactivation of the previously
reduced activity of Akt and extracellular-regulated kinase (ERK); ERK signaling
contributes to the re-establishment of tumor cell growth. Therefore, in the presence of a
dominant growth pathway, cancer cells are capable of responding to other growth factors
that are present, thereby compromising the anti-tumor activity of agents designed
specifically to inhibit EGFR. Importantly, a previous study demonstrated that following
blockade of EGFR signaling, switching to the IGF-1R pathway is a common mechanism
used to promote resistance to anti-EGFR treatment (Choi et al., 2010). For example,
gefitinib initially inhibited the growth of the EGFR-positive cell lines DU145 (prostate
cancer cells) and MCF-7-derived tamoxifen- and fulvestrant resistant breast cancer cell
lines, but chronic challenge with the inhibitor resulted in the development of gefitinibresistant variant sub-lines, all of which presented with up-regulation of multiple IGF-1R
signaling components when compared with the parental cell lines (Jones et al., 2004). This
resulted in increased production and elevated expression of the IGF-1R ligand IGF-II,
increased activity of IGF-1R and increased levels of Akt activity. In addition, the A549
lung cancer cell line, which displays a partial sensitivity to gefitinib, was chronically
challenged with the inhibitor; the resistant variant that emerged presented with a marked
adaptive increase in the activity of elements of the IGF-1R pathway. The importance of
IGF-1R signaling in these various cell types with acquired gefitinib resistance was further
supported by the observation that they demonstrated an enhanced dependency on IGF-1R
signaling; they were subsequently more sensitive to growth inhibition by IGF-1R-selective
tyrosine kinase inhibitors (Jones et al., 2004). Therefore, the dominance of the EGFR
pathway in parental cells is replaced by the elevated use of the IGF-1R in gefitinib
resistant cells. However, such growth factor pathway switching can not only result from
changes occurring during the development of acquired resistance, but also, critically, can
occur rapidly and modulate initial sensitivity to EGFR-blockade resulting in de novo or
intrinsic resistance to anti-EGFR agents such as gefitinib. Indeed, although the EGFR and
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IGF-1R pathways are classically regarded as separate entities, promoting growth utilizing
overlapping downstream signal transduction molecules indicates that these receptors can
affect each other’s signaling abilities, although the precise mechanisms involved in this
crosstalk have not been fully elucidated. For example, gefitinib only partially blocks EGFR
activity in A549 lung cancer cells and this is accompanied by a dramatic increase in the
activity but not the expression of IGF-1R. Moreover, in these cells IGF-1R can
transphosphorylate EGFR, maintaining EGFR activity in the presence of gefitinib.
Therefore, gefitinib limits its own efficacy by facilitating IGF-1R activity in these cells.
Interestingly, it was observed that in de novo gefitinib-resistant LoVo colorectal cancer
cells, which are defective in terms of ability to produce mature IGF-1R and predominantly
express insulin receptor-isoform A (InsR-A), a close family member of the IGF-1R, insulin
receptor activity is increased and downstream activated Akt levels are elevated in the
presence of gefitinib (Jones et al., 2006). Furthermore, InsR can modulate and maintain
EGFR phosphorylation in these cells. Such rapid and dynamic interplay between EGFR
and IGF-1R or InsR could play an important role in limiting the anti-tumor activity of
gefitinib; partial and de novo resistance to the inhibitor has been demonstrated in A549
and LoVo cells, respectively.
In HNSCC, it has been found that the use of the combination of both IGF-1R and EGFR
antibodies was more effective than either single agent alone at reducing cancer cell
growth (Barnes et al., 2007). There may be a potential benefit in the use of combined antityrosine kinase receptor directed therapies to treat HNSCC. Slomiany et al. also
demonstrated the potential for the co-targeting of both IGF-1R and EGFR signaling in
HNSCC (Slomiany et al., 2007). Furthermore, Rebucci et al. reported that the combination
of cetuximab with a PI3K inhibitor could be a good therapeutic option in HNSCC
(Rebucci et al., 2011).

7. Cross talk between the NFB and STAT3 signaling pathways
Of interest, whereas the activation of EGFR leads to the rapid tyrosine phosphorylation of
STAT3 in tyrosine705 and the consequent activation of STAT3-dependent gene
expression, it was observed that STAT3 tyrosine phosphorylation and the formation of
active STAT3 DNA-binding complexes are insensitive to the inhibition of EGFR in a large
fraction of HNSCC cell lines (Sriuranpong et al., 2003). Indeed, 9 of 10 cell lines form a
representative panel of HNSCC-derived cells showing increased tyrosine phosphorylation
and activity of STAT3, but constitutive activity of EGFR was present in only 3 of them
(Sriuranpong et al., 2003). In search for the mechanism responsible for the EGFRindependent activation of STAT3 in HNSCC cells, it was observed that the activation of
the gp130 cytokine receptor subunit promoted the phosphorylation of STAT3 in tyrosine
705 through the activation of intracellular tyrosine kinases of the JAK family. Suprisingly,
the activation of gp 130 was found to be primarily initiated by IL-6, which, on its secretion
and release on the cell surface of HNSCC cells in an autocrine fashion. These findings
suggest that the persistent activation of STAT3 in HNSCC can result from the deregulated
activity of EGFR or from the autocrine activation of STAT3 by tumor-released cytokines in
an EGFR-independent fashion. Furthermore, it was found that overexpression of IL-6 in
HNSCC cells involves increased transcription from the IL-6 promoter, which is dependent
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on the presence of an intact NFB response element located 63 to 75 bp upstream of the
IL-6 transcriptional initiation site. Furthermore, inhibition of NFB led to a remarkable
downregulation of IL-6 gene and protein expression, concomitant with a decreased
release of other inflammatory cytokines, such as IL-8, IL-10, granulocyte-macrophage
colony-stimulating factor (GM-CSF), and granulocyte colony-stimulating factor (G-CSF).
Surprisingly, the blockade of NFB led also to a drastic inhibition of the constitutive
STAT3 activity in HNSCC cells, as reflected by the reduced tyrosine phosphorylation of
STAT3. Interestingly, interfering with NFB function also prevented the
autocrine/paracrine activation of STAT3 in HNSCC cells (Squarize et al., 2006). These
findings support a cross-talk between the NFB and the STAT3 signaling systems. This
cross-talk is initiated by the release of IL-6 as a consequence of the NFB-dependent
activation of the IL-6 promoter, and the subsequent tyrosine phosphorylation of STAT3 by
the autocrine/paracrine activation of IL-6 receptors in tumor cells.

8. Future prospects
Signaling of multiple receptor tyrosine kinases (RTKs) is propagated through Akt.
Therefore, simultaneous inhibition of EGFR with pathway components such as Akt or
mTOR could circumvent the feedback activation observed with either approach alone.
The most extensive data concerning proximal and distal signaling inhibition relates to
combining PI3kinase/Akt/mTOR pathway inhibitors with EGFR antagonists. Several
PI3kinase inhibitors can restore sensitivity to EGFR inhibitors. For example, the selective
pI3kinase inhibitor PX-866 and p110αcan abolish gefitinib resistance in NSCLC
xenografts (Ihle et al., 2005). Synergistic effects of rapamycin and EGFR TKIs have been
observed in several in vitro systems including glioblastoma multiforme, prostate cancer,
pancreatic cancer, squamous cell carcinoma, renal cell carcinoma, leukemia, cervical
carcinoma and NSCLC (Birle  Hedley, 2006; Buck et al., 2006; Costa et al., 2007;
Hjelmeland et al., 2007; Jimeno et al., 2007; Mohi et al., 2004). Several studies extended
efficacy of these combinations in the xenograft experiments. Buck et al. (Buck et al., 2006)
showed re-sensitization and synergistic growth inhibition with the combination of
rapamycin and erlotinib in cell lines that were previously resistant to erlotinib. Li et al.
noted significant regression of lung tumors in transgenic mice possessing the secondary
resistance mutation T790M when treated with a combination of rapamycin and the
irreversible EGFR TKI, HKI-272 (Li et al., 2007). In human glioma cell lines with mutant
PTEN, addition of the dual PI3kinase/mTOR inhibitor PI-103 to erlotinib was necessary to
induce growth arrest (Fan et al., 2007), suggesting that activation of the
PI3kinase/Akt/mTOR pathway by EGFR-independent mechanisms confers resistance to
EGFR inhibitors, which can nonetheless be overcome by the addition of pathway
inhibitors. Collectively, these data suggest that the use of EGFR antagonists with
PI3kianse/Akt pathway inhibitors could be beneficial to patients that have developed
resistance to EGFR TKIs.
However, we think that the use of EGFR antagonists with PI3kinase/Akt pathway inhibitors
might allow the activation of TNFR and/or IL-1R-NFB-IL6-STAT3 signaling (Fig1).
Therefore, we recommend the use of EGFR antagonists with PI3kinase/Akt pathway
inhibitors and NFB-IL6-STAT3 pathway inhibitors.
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9. Conclusions
EGFR is expressed at a high level in HNSCC but EGFR inhibitor monotherapy has limited
success. Previous studies have demonstrated that EGFR mutations are extremely rare
inHNSCC; inhibition of PI synthesis provides anti-proliferative, anti-invasive and antiangiogenesis effects on HNSCC. The PI3kinase/Akt pathway is responsible for cellular
survival and there is molecular cross-talk between EGFR and IGF1R signaling through
PI3kinase/Akt in HNSCC. Furthermore, there is molecular cross-talk between the NFB
and STAT3 signaling pathways. Therefore, combination therapy targeting PI3kinase/Akt,
NFB/STAT3, and EGFR signaling pathways should provide clinical benefit for patients
suffering with HNSCC (Fig. 1). Although various Akt and/or NFB specific inhibitors
have been developed, we recommend using a combination of an EGFR antagonist with
numerous chemo-preventive compounds that inhibit the activation of both Akt and NFB
, as natural compounds have little side effect. Resveratrol, trans-3,5,4,-trihydroxystibene,
was first isolated in 1940 as a constituent of the root of white hellebore (Veratrum
grandiflorum O. Loes), but has since been found in various plants including grapes,
berries and peanuts. In addition to cardioprotective effects, resveratrol exhibits anticancer
properties as suggested by its ability to suppress proliferation of a wide variety of tumor
cells. The growth-inhibitory effects of resveratrol are mediated through cell-cycle arrest:
up-regulation of p21, p53 and Bax, and down-regulation of survivin, cyclin D1, cyclin E,
Bcl-2, Bcl-xl and cIAPs, and activation of caspases. Resveratrol suppresses the activation
of several protein kinases including Akt (Banerjee et al., 2010), and limited data from
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humans suggest that it is pharmacologically safe. Furthermore, resveratrol suppresses
TNF-induced activation of NFB (Manna et al., 2000). Another chemopreventive agent
whose effects on Akt signaling have been studied in some detail is the rotenoid deguelin.
Deguelin is a rotenoid from the African plant Mundulea sericea (Leguminosae), which
was identified as a potent chemopreventive agent on the basis of its action against
chemically induced preneoplastic lesions in a mammary organ culture, and its inhibition
of papillomas in a two-stage mouse skin carcinogenesis model (Nair et al., 2006).
Furthermore, deguelin suppresses the formation of carcinogen-induced aberrant crypt
foci in mouse colon (Murillo et al., 2003). More recently, this rotenoid was shown to
suppress cigarette smoke-induced lung carcinogenesis (Lee et al., 2005), and it enhances
the sensitivity of leukemia cells to chemotherapeutic agents (Bortul et al., 2005). How
deguelin mediates its chemopreventive and chemosensitizing effects is not yet fully
understood, but various mechanisms have been proposed including suppression of the
PI3kinase/Akt pathway (Chen et al., 2009). In Akt-inducible transgenic mice, deguelin
was competent at suppressing Akt activation in the lung. At doses achievable in vivo, it
reduced pAkt levels, induced apoptosis and suppressed proliferation of premalignant and
malignant human bronchial epithelial cells; minimal effects were observed in normal
bronchial cells (Chun et al., 2003). Blockade of Akt activation is likely to contribute to the
pro-apoptotic actions of deguelin in breast cancer cell lines and anti-angiogenic effects in
vitro. Deguelin inhibited formation of murine lung tumors in conjunction with
suppression of Akt activation in vivo (Hecht, 2005). Furthermore, deguelin suppresses
NFB activation induced by various carconogens and inflammatory stimuli including
TNF and IL-1β (Nair et al., 2006). The cruciferous vegetable component indole-3-carbinol
has chemopreventive activity that could be associated with down-regulation of Akt
signaling (Chinni  Sarkar, 2002). Furthermore, indole-3-carbinol suppresses NFB
activation induced by various carconogens and inflammatory stimuli including TNF and
IL-1β (Takada et al., 2005). Honokiol, used as a muscle relaxant, is derived from the stem
and bark of the plant Magnolia officinalis, which is used in traditional Chinese and
Japanese medicine. Extensive research has demonstrated that honokiol inhibits skin tumor
promotion, nitric oxide synthesis, TNF expression and inhibits invasion. Furthermore, it
down-regulates the anti-apoptotic protein bcl-xl, inhibits angiogenesis and tumor growth
in vivo, induces caspase-dependent apoptosis in B-cell chronic lymphocytic leukemia cells
through down-regulation of the anti-apoptotic protein Mcl-1, and overcomes drug
resistance in multiple myeloma. Honokiol blocks TNF-induced NFB activation (Ahn et
al., 2006). Indeed, Honokiol inhibits EGFR signaling involving Akt and STAT3, and
enhances the antitumor effects of EGFR inhibitors (Leeman-Neill et al., 2010). In
conclusion, the combination of an EGFR antagonist with these chemo-preventive
compounds that inhibit the activation of both Akt and NFB may overcome the resistance
to EGFR antagonist in HNSCC.
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1. Introduction
Cancer is one of the most common diseases, which treat human life. It produces huge
psychological, economical and social burdens. Enormous preventive, diagnostic and
therapeutic research efforts have been done to eradicate this deadly disease. Though some
success have been obtained in terms of disease control for some of the neoplasms such as
some of the lymphoma types, thyroid cancer and for some of the other solid tumors such as
breast cancer in case of early detection, most still are left as a deadly disease. On the other
hand current treatment modalities including surgery or/and chemoradiotherapy bring a
huge hand local damage to the tissues and thus decrease the quality of life yet most shows
recurrence and metastasis, which also questions the efficiency of these treatments.
Head and neck squamous cell carcinoma (HNSCC) is one of the most frequent cancers that
lead to death, making it a major health problem in the world. HNSCC includes oral,
oro/nasopharyngeal and laryngeal cancers and accounts for more than 644,000 new cases
worldwide, with a mortality of 0.53 and a male predominance of 3:1 [1,2]. Despite advanced
technology in the detection and treatment of HNSCC, it continues to pose a great threat for
human life. Most patients suffering from this malignancy are at an advanced stage upon
diagnosis in which 51% present regional metastasis and 10% with distant metastasis. The 5year relative survival rate with regional metastasis is about 51% and with distant metastases
is 28% [1,3].
Though much development has been obtained in surgical techniques, chemoradiation
protocols, little progress was shown in terms of long-term survivals during several decades.
*
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Moreover, surgery now one of the main therapeutic options in these cancers gives rise to
extensive local damage. Many patients lose partially or completely the organs in head and
neck area, which have important functions such as speaking, eating, swallowing and
respiration. Thus these patients finally fall into huge psychological and functional
burden. On the other hand, last 2-3 decades provided great developments and progress in
human genome technology, which warranted development novel diagnostic and
therapeutic methods, which are finally supposed to be more effective and to preserve
functional properties.
As for most cancer types, head and neck cancer is basically a genetic associated disease.
Cumulative alterations of various genes are responsible for development of this cancer type.
Environmental and personal factors such as smoking, drinking, dirty air, exposure to
carcinogenic chemicals through working environment or foods finally influence on genes.
These affected genes are altered either as genetically or epigenetically and mutated
nonfunctional or deficient products then result in cancer development.
Our current knowledge on human genome showed that two major groups of tumorassociated genes, oncogenes and tumor suppressor genes (TSG) have been implicated in the
carcinogenic process (Figure 1). In normal cell, a critical balance between TSG and
oncogenes is necessary for physiological survival of the cell. In normal cell, product of
oncogene is needed for its proliferation, survival and growth. On the other hand, TSG is
necessary for balancing and suppressing excessive growth of the cell and entering into
carcinogenic process. Most oncogenes are growth factors or their receptors, as well as
various molecules of signaling pathways, proapoptotic genes, cell cycle proteins and
transcription factors. These proteins finally induce cell cycle, proliferation and growth. As
same for most genes, oncogenes have two alleles in nuclear genome. Role of oncogenes in
human cancer is mediated through enforcement of protein function upon activated
mutation of one of the alleles in its genomic location. The rest allele is usually not affected
and final output is more cell proliferation, growth and cancer when other factors such
inactivation of tumor suppressors, inability of immunological as well as apoptotic
mechanisms are added.
On the other hand, tumor suppressors have been defined as genetic elements whose
inactivation allows cell to display one or more phenotypes of neoplastic growth [4].
Products of TSG usually include inhibitors of cell cycle, chromatin remodeling factors, antiapoptotic genes and some genes regulating gene expression at genetic and epigenetic levels.
Similar to oncogenes, TSG also consist of two copies at their chromosomal loci. Inactivation
of TSG leads to carcinogenic process. Until recently, Knudson two-hit hypothesis has been
known as an explanation of inactivation of TSG during carcinogenesis [5]. According to this
hypothesis, one of the alleles of a TSG is lost through carcinogenic effect, while the rest allele
is usually inactivated through mutation of the gene (Figure 2). However, a novel class of
TSG with haploid insufficiency, in which one allele is lost and the remaining allele is haploinsufficient, has been described recently, and the patients with these hemizygous TSG in
their genome are accepted as carriers for deficient allele of a TSG and they show a tumorprone phenotype especially when challenged with carcinogens such as smoking, alcohol, xray, chemicals etc (Class II TSG) [6-10].
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Fig. 1. Schematic representation of two major groups of genes on cell growth and cancer
development.

Fig. 2. Schematic representation of two-hit mechanism for inactivation of tumor suppressor
gene
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In the current review, we will focus on a recently identified TSG group, ING family tumor
suppressors. Thus this review will mainly include alterations of ING family tumor
suppressor in human cancer and their possible applications in molecular diagnosis and
therapy of cancer. The five members of the ING family were recently identified by our
group and other researchers in the field [11-17]. All proteins of ING family genes contain a
highly conserved plant homeodomain (PHD) finger motif in the carboxy (C)-terminal end
that is commonly detected in various chromatin remodeling proteins [18,19]. The N-terminal
part of each ING protein seems to be unique, which determines the structure and different
functions of various ING genes [11,12,16]. Although exact functions of ING family genes
have not been clarified, the gene products have been reported to be involved in
transcriptional regulation, apoptosis, cell cycle, angiogenesis and DNA repair through p53dependent and –independent pathways. Moreover, ING family genes have also been known
to constitute complexes with histone acetyltransferases (HAT) and histone deacetylases
(HDAC) [11, 12, 16,20].
Within the members, ING1 is the founding member and thus most information about the
family genes comes from the researches on ING1. ING1 was first isolated using subtractive
hybridization between short segments of cDNAs from normal and a number of breast
cancer cell lines [21]. These randomly fragmented cDNAs interfered with the activity of
tumor suppressors by either blocking protein production through anti-sense sequences or
abrogating function in a dominant-negative fashion through truncated sense fragments [21].
The other four members of ING gene family have been identified through sequence
homologies with ING1, followed by functional in-vitro and then in-vivo cancer patient
tissue analysis [11,12,19,22,23].
We characterized the genomic structure of ING1 gene and showed that ING1 gene
produced at least 4 mRNA variants from 3 different promoters for the first time. Two of
these variants, p33ING1b consisting of exons 1a and 2, and p24ING1c consisting of a
truncated p47ING1a message including the first ATG codon in exon 2, are expressed
majorly, while p47ING1a consisting exon 1b and exon 2, was not detected in head and neck
tissues [13]. Our continuous efforts led to identification of ING3 [14]. Following these works,
other groups and our group published investigations on other members of ING family
including ING2, ING4 and ING5 [15,16,24-32]. Although almost all of the ING family
members are known to be negative regulator of the cell growth, recent studies also
demonstrated some of the members or splicing variants also functioning as oncogene, thus
complicating the role of these genes in human carcinogenesis [31,32].

2. Disorders of ING family genes in human tumors
Rearrangement of ING1 gene locus was demonstrated in one neuroblastoma cell line and
reduced expression in primary cancers and cell lines in early clinical studies at the time of
ING1 cloning [11-17,21]. Following ING1 cDNA cloning, we identified the genomic
structure of the human ING1 gene and showed its tumor suppressor character for the first
time by finding its chromosomal deletion at the 13q34 locus and tumor-specific mutations in
a number of head and neck squamous cell carcinoma (HNSCC) samples [13].
Regarding with the mRNA expression status of ING family genes, only a few studies exist in
the literature. Toyama et al. detected 2–10-fold decreases in ING1 mRNA expression in 44%
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of breast cancer and in all of 10 breast cancer cell lines examined [33]. Interestingly, the
majority of breast cancers showing decreased ING1 expression had metastasized to regional
lymph nodes, whereas only a small subset of cancers with elevated ING1 expression
compared to adjacent normal tissues were metastatic. Another study also revealed reduced
expression of breast cancer samples [34]. Down-regulation of ING1 mRNA has also been
demonstrated in various other cancer types, including lymphoid malignancies, gastric
tumors, brain tumors, lung cancer, ovarian cancer and esophagogastric carcinomas, though
no comprehensive clinical correlation was performed [11,12,17,20,35-43]. Uncommon
missense mutations and reduced protein expression of ING1 have also been detected in
esophageal carcinomas [44], and colon cancer cell lines [36] while no mutation was detected
in leukemia [37,45], oral cancers [46] and lymphoid malignancies [35].
For loss of ING gene and their protein functions, loss of heterozygosity (LOH), promoter
CpG hypermetylation and nucleo-cytoplasmic protein mislocalization have been proposed
[11,12,17,20]. Using methylation-specific PCR, the p33ING1b promoter was methylated and
silenced in almost a quarter of all cases in primary ovarian tumors [42]. No differences or
increased expression of ING1 were observed in recent studies of myeloid leukemia or
melanoma [45,47].
Recently reduced expression of ING2 mRNA as well as protein was observed in
hepatocellular carcinoma (HCC) [48]. Decreased ING2 expression (but not ING2 mutation)
has been observed in lung cancer [49]. Decrease of nuclear ING2 protein was observed in
melanoma [50]. On the other hand increased expression of ING2 mRNA was shown in colon
cancer [51]. Moreover, ING2 may play a role in melanoma initiation, since reduction of
nuclear ING2 has been reported in radial as well as vertical growth phases in metastatic
melanoma as compared to dysplastic nevi [52]. On the other hand, reduced ING2 expression
was associated with tumor progression and shortened survival time in HCC [48]. These
epidemiological studies suggest that ING2 loss or reduction may be important for tumor
initiation and/or progression [11,12,17,20].
As shown for ING2, decreased nuclear ING3 protein expression was associated with a poor
survival rate. The survival rate was 93% for the patients with strong nuclear ING3 staining,
whereas it declined to 44% for the patients with negative-to-moderate nuclear staining [52].
In a recent study, we also demonstrated frequent deletion of chromosomal locus of each of
ING family member including ING3 in ameloblastomas [53].
ING4 mRNA was decreased in glioblastoma and associated with tumor progression [54].
Decreased ING4 has been associated with increased expression of IL-8 and osteopontin
(OPN) in myeloma [11,55]. In both reports, decreased ING4 expression was associated with
higher tumor grade and increased tumor angiogenesis. In myeloma, it was also associated
with increased expression of interleukin-8 and osteopontin [11,55]. Expression of ING4 was
decreased in malignant melanoma as compared to dysplastic nevi, and was found to be an
independent poor prognostic factor for the patients [56]. ING4 was found to suppress the
loss of contact inhibition and growth. Moreover some mutation and deletion were detected
in cell lines derived from human cancers such as breast and lung [57].
Significant reduced expression of ING4 was detected in gliomas as compared with normal
human brain tissue, and the extent of reduction correlated with the progression from
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lower to higher grades of tumours [54]. Klironomos et al. investigated
immunohistochemically the expression pattern of ING4, NF-kappaB and the NF-kappaB
downstream targets MMP-2, MMP-9 and u-PA in human astrocytomas from 101 patients.
They found that ING-4 expression was significantly reduced in astrocytomas, and it was
associated with tumor grade progression. Expression of a NF-kappaB subunit p65 was
significantly higher in grade IV than in grade III and grade I/II tumors, and a statistical
significant negative correlation between expression of ING4 and expression of nuclear p65
was noticed [58].
Recently Nagahama et al. reported up-regulation of ING4 in a human gastric carcinoma cell
line (MKN-1) by promoting mitochondria-mediated apoptosis via the activation of p53 [59].
Both mRNA and protein of ING4 expression were down regulated in hepatocellular
carcinoma tissues. ING4 expression level correlated with prognosis and metastatic potential
of hepatocellular carcinoma [60]. In another recent study, ING4 mRNA and protein
expression were examined in gastric adenocarcinoma tissues and human gastric
adenocarcinoma cell lines by RT-PCR, real-time RT-PCR, tissue microarray
immunohistochemistry, and western blot analysis [61]. Their data showed that ING4 mRNA
and protein were dramatically reduced in stomach adenocarcinoma cell lines and tissues,
and significantly less in female than in male patients. Decrease of ING4 mRNA expression
was found to correlate with the stage of the tumour [61]. Wang et al. examined ING4 protein
expression in 246 lung cancer samples and overall reduced ING4 expression and higher
ING4 expression in cytoplasm than in nucleus of tumour cells were detected, suggesting its
involvement in the initiation and progression of lung cancers [62].
Examination of ING4 protein expression levels in colorectal cancer samples from 97 patients
showed that ING4 protein was down regulated in adenoma relative to normal mucosa and
further reduced in colorectal cancer tissues. Decrease of ING4 protein expression was also
related to the more advanced Dukes' stages and ING4 expression levels in patients with
lymphatic metastasis were lower than those without metastasis, suggesting that ING4 play a
role in colorectal carcinoma progression [63].
Xing et al. analyzed ING5 expression in gastric carcinoma tissues and cell lines (MKN28,
MKN45, AGS, GT-3 TKB, and KATO-III) by Western blot and reverse transcriptasepolymerase chain reaction. An increased expression of ING5 messenger RNA was
found in gastric carcinoma in comparison with paired mucosa and lower expression of
nuclear ING5 protein and cytoplasmic translocation was detected in gastric dysplasia and
carcinoma than that in nonneoplastic mucosa [64]. Nuclear ING5 expression was negatively
correlated with tumor size, depth of invasion, lymph node metastasis, and clinicopathologic
staging, whereas cytoplasmic ING5 was positively associated with depth of invasion,
venous invasion, lymph node metastasis, and clinicopathologic staging in colorectal
carcinomas [65].

3. Abnormalities of ING family genes in head and neck cancer
At the time of ING1 cloning, deletion of chromosome 13q34 was shown in head and neck
cancer but ING1 gene was not known to be responsible for this deletion. Later in a
comprehensive study, our group demonstrated tumor specific missense mutations in ING1
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gene and frequent deletion at long arm of chromosome 13 for the first time in a human
cancer [13]. Of 34 informative cases of head and neck squamous cell carcinoma, 68% of
tumors showed loss of heterozygosity at chromosome 13q33-34, where the ING1 gene is
located. By this study, ING1 has been recognized to be an important TSG at least in head
and neck cancer. These mutations were found in the PHD zinc finger domain and putative
nuclear localization signal, which may abrogate the normal function of ING1 protein
(Figure 3). Following this study, our group led most of the researches for ING family genes
in head and neck cancer.

Fig. 3. Mutations detected at PHD zinc finger domain and nuclear localization signal (NLS)
of ING1 protein, which may abrogate its function
On the other hand, examination of 71 indian oral cancer cases demonstrated only
polymorphic changes but not somatic possible function effective alterations [66]. However,
analysis of esophageal cancer, which display some similarities especially for
hypopharyngeal cancer, also demonstrated somatic mutations in ING1, supporting our
results [44].
We recently demonstrated that frequent deletion of ING2 locus at 4q35.1 associated with
advanced tumor stage in HNSCC [67]. LOH was detected in about 55% of the informative
samples and high LOH frequency was statistically associated with advanced T stage,
suggesting that ING2 LOH might occur in late stages during HNSCC progression. On the
other hand, positive node status (N) appeared to be the only independent prognostic factor
for both overall and disease free survivals.
We showed frequent allelic loss of ING3 in HNSCC [14]. We analysed LOH at 7q31 region in
49 HNSCC by using six polymorphic microsatellite markers and found allelic deletion in 48%
(22/46) of the informative cases. We detected two preferentially deleted regions, one is around
D7S643 and the other around D7S486. When we redefined the map of 7q31 region according to
the contiguous sequences, a recently identified gene, ING3, was found in the proximity of
D7S643. But ING3 mutation was very rare in our study (a sole missense mutation of ING3 at
codon 20). In another recent our study using a large study population, about half of the 71
tumor samples demonstrated downregulation of ING3 compared to their matched normal
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counterparts. We revealed that down-regulation of ING3 was more evident in late-stage
tumors as compared with early stage patients, and patients with low ING3 mRNA expression
demonstrated worse survival rates as compared to the patients with normal-high ING3
expression [68]. We also examined p53 mutation status and investigated its relationship with
ING3, as well its clinicopathological characteristics. Although most clinicopathological
variables were not significantly related to ING3 downregulation or p53 mutation status, a
significant relationship was detected in terms of overall survival between the cases with low
and normal to high ING3 expression. At 5 years follow up, approximately 60% of the patients
with normal to high ING3 expression survived, whereas this was 35% in the patients with low
ING3 expression. Multivariate analysis also showed downregulation of ING3 as an
independent prognostic factor for poor overall survival. These results reveal that ING3 would
function as a potential tumor suppressor molecule and that low levels of ING3 may indicate an
aggressive nature of head and neck cancer.
We analyzed loss of heterozygosity at 12p12-13 region in 50 head and neck squamous cell
carcinomas by using six highly polymorphic microsatellite markers and found allelic loss in
66% of the informative cases. To identify ING4 function, mutation analysis was performed.
Though mutation of the ING4 gene was not found in head and neck cancers, the mRNA
expression level examined by quantitative real-time RT-PCR analysis demonstrated
decreased expression of ING4 mRNA in 76% of primary tumors as compared to matched
normal samples. Since p53 dependent pathways of other ING family members have been
shown, we examined p53 mutation status and compared with ING4 mRNA expression in
tumor samples. However, no such direct relationship has been detected. In conclusion,
frequent deletion and decreased mRNA expression of ING4 suggested it as a class two
tumor suppressor gene and may play an important role in head and neck cancer [15].
In a recent study, nuclear expression of ING4 was found to gradually decrease from noncancerous epithelium and dysplasia to HNSCC and was negatively correlated with a
poorly-differentiated status, T staging, and TNM staging in HNSCC. On the other hand,
cytoplasmic expression of ING4 was significantly enhanced in HNSCC and was
significantly associated with lymph node metastasis and 14-3-3η expression. Moreover,
nuclear expression of ING4 was positively correlated with p21 and p300 expression and
with the apoptotic index. Their results suggested that the decreases in nuclear ING4 and
cytoplasmic translocation of ING4 protein play important roles in tumorigenesis,
progression and tumor differentiation in HNSCC [69].
Our group reported the first study linking ING5 chromosome locus to a human cancer. We
demonstrated a high ratio of LOH in oral cancer using 16 microsatellite markers on the long
arm of chromosome 2q21-37.3 [24]. ING5 appeared to be a strong candidate tumor
suppressor in this study though several other candidate TSGs including ILKAP, HDAC4,
PPP1R7, DTYMK, STK25, BOK are also localized at the area, where frequent deletion has
been detected [11,12,24]. Moreover, our recent study revealed decreased expression of ING5
mRNA and mutations in oral cancer samples as compared to their corresponding normal
controls, suggesting its tumor suppressive role in cancer [25]. Examination of 172 cases of
HNSCC for ING5 protein by immunohistochemistry using tissue microarray, and in 3 oral
SCC cell lines by immunohistochemistry and Western blot showed that a decrease in
nuclear ING5 localization and cytoplasmic translocation were detected, supporting the
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previous studies and strong involvement of ING5 in tumorigenesis and tumor
differentiation in HNSCC [70].

4. Possible applications of ING family genes in molecular diagnosis and
therapy of cancer
So far most of the studies for possible applications of ING family genes in molecular
diagnosis and therapy of cancer include cancer types other than head and neck cancer.
However, ING family genes express ubiquitously and are involved in carcinogenesis of
many cancer types especially in head and neck carcinogenesis. Thus the following section of
the review is added as a model for possible application of ING family genes as diagnostic
and therapeutic target.
4.1 Use of ING family genes for prediction of cancer behavior
4.1.1 Sub-cellular localization of ING proteins as a biomarker
Most tumor suppressors contain nuclear transport signals that facilitate their shuttling
between the nucleus and the cytoplasm. This type of dynamic intracellular movement not
only regulates protein localization, but also often impacts on function. Shuttling of tumor
suppressor proteins between nucleus and cytoplasm has been reported to be involved in the
regulation of cell cycle and proliferation. Deregulation of the nucleocytoplasmic cargo
system results in the mislocalization of TSG proteins, which then alter function of TSG
proteins [71]. The mistargeting of tumor suppressors can finally reveal direct cellular
consequences and potentially lead to the initiation and progression of cancer. Abnormalities
in nucleocytoplasmic cargo system leading the mislocalization of tumor suppressors were
reported for p53, BRCA1, APC, VHL, BRG1 and ING1, and these abnormalities driven by
genetic and epigenetic alterations in the tumor suppressor or their partners generally occur
during the carcinogenic process [72-76]. For ING1, 2 of 3 different tumor specific somatic
mutations that we detected in head and neck cancer were located at or near nuclear
targeting domain, which could possibly abolish its functions through accumulation of the
protein in the cytoplasm instead of in the nucleus [13].
In a recent study, Nouman et al. reported that translocation of p33ING1b from the nucleus
into the cytoplasm of melanocytes may have an important role in the development and
progression of melanomas [77]. Immunostaining with new monoclonal antibodies (MAb) of
GN1 and GN2 showed that ING1b product, a nuclear protein, was accumulated in the
cytoplasm and was closely associated with malignant melanoma development. The authors
suggested that detection of this subcellular mobilization with MAb ING1b may be an early
indicator and could be of value in diagnostic approach.
In another study of Nouman et al. nuclear expression of p33 (ING1b) was decreased in
breast cancer cells, both in intensity and proportion of the cells stained. Reduction in nuclear
expression of ING1 protein was associated with enhanced cytoplasmic p33 (ING1b)
expression in a considerable number of cases. Those cases, which show p33 (ING1b) protein
mislocalization, were also associated with more poorly differentiated tumors. Thus the
authors suggested that p33 (ING1b) expression could be used as a marker of differentiation
in invasive breast cancer. These results support the view that loss of p33 (ING1b) in the
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nucleus may be an important molecular event in the differentiation and pathogenesis of
invasive breast cancer [78].
Similarly loss of nuclear expression of p33 (ING1b) was detected in 78% of cases of acute
lymphoblastic leukemia (ALL). This loss in nuclear expression was associated with
increased cytoplasmic expression of the protein. Kaplan Meier survival analysis
demonstrated a trend towards a better prognosis for patients with tumors that had lost
nuclear p33 (ING1b), suggesting that the loss of nuclear p33 (ING1b) expression may be an
important molecular event in the pathogenesis of childhood ALL and can be used as a
biomarker for prognosis [79].
In another similar study, Vieyra et al. demonstrated that sub-cellular mislocalization of
p33ING1b is a commonly seen in gliomas and glioblastomas [80]. Overexpression and
aberrant localization of ING1b into the cytoplasm were observed in all of the 29 brain
tumors. p33 (ING1b) normally contains a nuclear targeting sequence [11,12,16]. It has been
previously demonstrated that altered sub-cellular localization of p33 (ING1b) abrogates its
proapoptotic functions [81]. Loss of targeting domains that ensure the proper intracellular
localization of p33 (ING1b) or physical association of ING with p53 could account for the
abnormal localization of p33 (ING1b) in cancer. Recent experimental observations, including
post-translational stabilization of p53 by p33 (ING1b) [82], and the discovery of the p53
associated a parkin-like cytoplasmic-anchoring protein, PARC [83] and its p53-regulatory
role support the possibility that association of ING proteins with p53 could account for the
abnormal localization. Further studies in this field will clarify this point.
For a normal function of ING1, the protein should be in the nucleus. ING1b protein
phosphorylated on serine residue at position 199 has been reported to bind 14-3-3 proteins
and subsequently be exported from the nucleus [84]. It has recently been shown that ING1
also binds karyopherin proteins and that disruption of this interaction affects subcellular
localization and activity of the ING as a transcriptional regulator [84].
For ING1, few studies exist regarding with its subcellular localization. However for other
member of ING family proteins, it mostly remains unkown and only few studies exist for
subcellular alterations during carcinogenesis. Similar to the study of Nouman et al. [77]
nuclear ING3 expression was found to be remarkably reduced in malignant melanomas
compared with dysplastic nevi, which was significantly correlated with the increased ING3
level in cytoplasm. Moreover the reduced nuclear ING3 expression was significantly
correlated with a poorer disease-specific 5-year survival of the patients with primary
melanoma, especially for the high-risk melanomas with the survival rate reducing from 93%
for patients with strong nuclear ING3 staining in their tumor biopsies to 44% for those with
negative-to-moderate nuclear ING3 staining. Interestingly, the multivariate Cox regression
analysis revealed that reduced nuclear ING3 expression is an independent prognostic factor
to predict patient outcome in primary melanomas [85].
By using tissue microarray technology and immunohistochemistry, ING2 expression in
human nevi and melanoma biopsies was examined. The data showed that nuclear ING2
expression was significantly reduced in radial and vertical growth phases, and metastatic
melanomas compared with dysplastic nevi. Reduced ING2 has been suggested as an
important indicator in the initiation of melanoma development [86].
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In a recent study, the subcellular localization of ING4 has been shown to be modulated by
two wobble-splicing events at the exon 4-5 boundary, causing displacement from the
nucleolus to the nucleus. The authors provided evidence that ING4 was degraded through
the ubiquitin-proteasome pathway and that it is subjected to N-terminal ubiquitination. It
has also been demonstrated that nucleolar accumulation of ING4 prolongs its half-life, but
lack of nucleolar targeting potentially increases ING4 degradation. Taken together, data of
this work suggested that the two wobble-splicing events at the exon 4-5 boundary
influenced subnuclear localization and degradation of ING4 [87].
ING4 has been reported to interact with a novel binding partner, liprin alpha 1, which
results in suppression of the cell spreading and migration [88]. Liprin α1/PPFIA1 (protein
tyrosine phosphatase, receptor type f polypeptide) is known to be a cytoplasmic protein
necessary for focal adhesion formation and axon guidance. Cytoplasmic ING4 may regulate
cell migration through interacting with liprin α1, and with its known anti-angiogenic
function, may prevent invasion and metastasis. This interaction could explain the specific
property of ING4 from other ING proteins.
In summary, sub-cellular localization of ING proteins or their interaction partners could be
detected with various molecular and immunohistopathological methods and may be used
as a biomarker for the behavior of the tumor and prediction of the disease progress.
4.1.2 Genetic and epigenetic alterations of TSG as prognostic biomarker
Alterations in allelic status, expression of mRNA and/or protein of the ING family genes
provide potential usage of these genes as biomarkers in human cancer. Regarding with
relation between genetic alterations of various genes and clinical outcome has recently been
investigated. Since only few studies regarding with ING family genes exist in the literature,
we will first give examples, which has been reported for other genes and summarize those
published for ING tumor suppressors. In such a research, FHIT gene methylation has been
found as a prognostic marker for progressive disease of early lung cancer [89]. Methylation
and LOH analysis of FHIT gene showed that loss or reduced FHIT expression was
significantly associated with squamous cell carcinoma type and smokers. Also methylation
in normally appearing lung mucosa was related with an increased risk for progression into
lung cancer, suggesting that FHIT can be used as a biomarker for this cancer type. In
another report, allelic loss at 3p and 9p21 was related with elevated risk of malignant
transformation of the premalignant lesions in head and neck cancer [90]. Similarly LOH at
8p was a predictor for long-term survival in hepatocellular carcinoma [91].
Another study highlighted the prognostic role of p16 in predicting the recurrence-free
probability in patients affected by low-grade urothelial bladder by using p16 expression and
LOH at 9p21 and proved the fact that the method is likely to be used in everyday urologic
clinical practice to better describe the natural history of urothelial bladder carcinomas [92].
LOH at 16q23.2 was shown to be a predictor of disease-free survival in prostate cancer [93].
Our group has recently demonstrated that deletion at chromosome 14q was associated with
poor prognosis in head and neck squamous cell carcinomas [1]. We also showed that
frequent deletion of ING2 locus at 4q35.1 associates with advanced tumor stage in head and
neck squamous cell carcinoma [67]. Interestingly, in our study, deletion at Dickkopf (dkk)-3
locus (11p15.2) was detected to be related with lower lymph node metastasis and better
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prognosis in head and neck squamous cell carcinomas, suggesting the different nature of
this gene, yet its potential use as a prognostic biomarker [94].
Detection of a gradual increase of mRNA expression of the DNA replication-initiation
proteins from epithelial dysplasia (from mild through severe) to squamous cell carcinoma of
the tongue has been used as biomarker to distinguish precancerous dysplasia from SCC and
is useful for early detection and diagnosis of SCC as an adjunct to clinicopathological
parameters [95]. In a recent work, we demonstrated downregulation of TESTIN and its
association with cancer history and a tendency toward poor survival in head and neck
squamous cell carcinoma [96]. The increased serum midkine concentrations were strongly
associated with poor survival in early-stage oral squamous cell carcinoma, suggesting it as a
useful marker not only for cancer screening but also for predicting prognosis of OSCC
patients [97].
Information on human genome project provided that many gene including cancerassociated genes show alternative splicing. In such a study, deregulation of survivin splicing
isoforms has been shown to influence significant implications in tumor aggressiveness and
prognosis [98]. In ING family genes, some of the members also have splicing variants.
Although we don’t have detail study for these variants, their deregulation may have an
impact for carcinogenesis. In our work, two major variants of ING1 (p33ING1 and p24ING1)
revealed different expression patterns. Our researches indicated alternative splicing variants
for ING1, ING3, ING4 and ING5 [13-15,25]. For ING2, a recent study reported 2 splicing
variants [31,32]. Though both of them showed decreased expression in head and neck cancer
tissues as compared to the normal counterparts, methylation analysis demonstrated that
only p33ING1 variant was associated with methylation (Gunduz et al. unpublished data).
Not only single gene alterations associated with clinical outcome but also genome-wide or
microarray studies were also examined. In such as study, genome-wide transcriptomic
profiles obtained for 53 primary oral cancer and 22 matching normal tissues exhibited upregulated genes and down-regulated genes. In conclusion, this study provided a
transcriptomic signature for oral cancer that may lead to a diagnosis or screen tool [99]. In a
recent study, the expression levels of ITGA3, ITGB4, and ITGB5 with functional
normalization by desmosomal or cytoskeletal molecule genes were shown as candidate
biomarkers for cervical lymph node metastasis or for the outcome of death in oral
cancer [100].
Another recent study identified allelic deletion of ING1 as a novel genomic marker as
related progression to glioblastoma by using comparative genomic hybridization and DNA
microarray [101]. In another study, low levels of ING1 mRNA have been reported to be
significantly associated with poor prognosis in neuroblastoma [102]. The expression level of
ING1 was also closely related to survival. These results suggest that decreased level of ING1
mRNA and/or protein expression could be an indicator of poor prognosis in advanced
stages and/or poor survival of various human tumors. On the other hand, an association
between p33ING1b protein expression and clinical outcome in colorectal cancer
demonstrated that although patients with decreased p33ING1b protein expression in the
tumor have a shorter overall and metastasis-free survival rate as compared with patients
with normal p33ING1b protein expression, no statistical significance was achieved [103].
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However a significant association between p53 mutation status and overall and metastasisfree survival has been found.
Regarding with ING2 gene, its reduced mRNA as well as protein expressions were shown to
be associated with tumor progression and shortened survival time in HCC [48]. Recently,
our group reported that high LOH frequency in ING2 locus at 4q35.1 was significantly
associated with advanced tumor stage in HNSCC, suggesting that ING2 LOH might occur
in later stages during HNSCC progression [67]. Hence, the relevance of ING2 in HNSCC
carcinogenesis and the potential prognostic significance of ING2 are promising results for
future studies.
Several recent studies examined correlation between ING3 protein expression and
clinicopathological variables [52,54]. Interestingly, significant reduction of nuclear ING3 was
detected in human malignant melanoma, indicating the status of ING3 as a prognostic and
therapeutic marker for melanoma [52]. As it has been shown for ING2, decreased nuclear
ING3 protein expression was also associated with a poorer 5-year survival rate. The survival
rate was 93% for the patients with strong nuclear ING3 staining, whereas it decreased to
44% for the patients with negative-to-moderate nuclear staining. We have recently reported
mRNA expression of ING3 in HNSCC and compared the clinicopathological characteristics
to evaluate its prognostic value as a biomarker [14,68]. This study revealed that downregulation of ING3 was more evident in late-stage tumors as compared with early stage
cases. Analyses have also showed that down-regulation of ING3 could be used as an
independent prognostic factor for poor overall survival and low levels of ING3 may indicate
an aggressive nature of HNSCC.
Recently the correlation of the ING4 with patient survival and metastasis was revealed to be
as a potential prognostic marker in melanoma [56]. It has been found that ING4 expression
was significantly decreased in malignant melanoma compared with dysplastic nevi, and
overexpression of ING4 inhibited melanoma cell invasion compared with the control.
4.1.3 ING genes as chemosensitivity marker
Overall survival of head and neck squamous cell carcinoma patients has not improved in
the decades. Currently treatment strategies for this cancer are based on the tumor-nodemetastasis (TNM) classification. However, due to the extreme biological heterogeneity of the
cancer cells, treatment planning especially for chemoradiotherapy is quite difficult and
chemotherapy is an important therapeutic modality for cancer, and identification of the
genes that predict the response of cancer cells to these agents is critical to treat the patients
more efficiently. Although clinical determinants such as TNM classification will be still
important, it is now becoming possible, by molecular markers, to elucidate biological
information about host and tumor, to break through the molecular heterogeneity and
eventually to optimize the choice of treatment [104].
In a recent analysis for prediction of chemosensitivity, it has been reported that examining
the TP to DPD ratio of their tumors could identify HNSCC patients, who would most
benefit from capecitabine-based chemotherapy. Moreover, the potential role of TP gene
therapy in TP to DPD ratio manipulation to optimize the tumoricidal effect of capecitabine
has been demonstrated [105]. In another similar study, acquired (10-fold) resistance of
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Cal27, a tongue cancer cell line, against cisplatin has been shown to be associated with
decreased DKK1 expression and this resistance could partially be reversed by DKK1
overexpression, thus suggesting DKK1 and the WNT signaling pathway as a marker and
target for cisplatin chemosensitivity [106].
Recent findings suggest that the ING genes might also have a role in regulating the response
of cancer cells to chemotherapeutic agents. In an osteosarcoma cell line, U2OS cells, one of
the ING1 splicing variant p33ING1b, prominently enhanced etoposide-induced apoptosis
through p53-dependent pathways [107]. In another study of the authors, ectopic expression
of p33ING1b was shown to upregulate p53, p21WAF1 and bax protein levels and activate
caspase-3 in taxol-treated U2OS cells. Thus the study demonstrated that p33ING1b
increased taxol-induced apoptosis through p53-dependent pathway in human osteosarcoma
cells, suggesting that p33ING1b may be an important marker and/or therapeutic target in
the prevention and treatment of osteosarcoma [108].
Tallen et al. [39] questioned whether p33ING1 mRNA expression correlates with the
chemosensitivity of brain tumor cells. They found that, unlike other tumor types, ING1
levels were higher in glioma cell lines than in normal control cells. Medulloblastoma cells
revealed the lowest ING1 expression of the lines tested. Comparing all cell lines, p33ING1
gene expression significantly correlated with resistance to vincristine, suggesting that
p33ING1 mRNA levels may be used to predict the chemosensitivity of brain tumor cells
to vincristine.
The tumor suppressor ING1 shares many biological functions with p53 including cell cycle
arrest, DNA repair, apoptosis, and chemosensitivity. To investigate if the p33ING1 isoform
is also involved in chemosensitivity, Cheung et al. overexpressed p33ING1 in melanoma
cells and examined for cell death after treatment with camptothecin. Results from the
survival assay and flow cytometry analysis showed no significant difference among cells
transfected with vector, p33ING1, and antisense p33ING1, indicating that p33ING1 does not
enhance camptothecin-induced cell death in melanoma cells. Moreover, co-transfection of
the p33ING1 and p53 constructs had also no effect on the frequency of cell death. Thus
influence of ING1 expression for chemosensitivity may have different depending on the
cancer type [109]. In another work, down-regulation of ING1 in the p53-deficient
glioblastoma cell line, LN229, increased apoptosis following treatment with cisplatin,
indicating that reduced ING1 expression may predict the sensitivity of cancer cells to
chemotherapy independent of their p53 status [110]. Although most studies reported
that expression of ING genes results in an increase in chemosensitivity, various conditions
in different tumors should be tested to predict exact chemotherapy response. These
differences could also be related with expression variations of the alternative splicing forms
of ING genes.
Another member of ING family, ING4 negatively regulated the cell growth with significant
G2/M arrest of cell cycle. Besides overexpression of ING4 enhanced the cell apoptosis
triggered by serum starvation in HepG2 cells. Furthermore, the exogenous ING4
upregulated endogenous p21 and Bax in HepG2 cells, but not in p53-deficient Saos-2 cells,
suggesting that G2/M arrest induced by ING4 could be mediated by the increased p21
expression in a p53-dependent manner, although there is no significant increase of p53
expression in HepG2 cells. Moreover, HepG2 cells with exogenous ING4 could significantly
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increase cell death, as exposed to some DNA-damage agents, such as etoposide and
doxorubicin, implying that ING4 could enhance chemosensitivity to certain DNA-damage
agents in HepG2 cells [111]. In another study, chemopreventive agent curcumin (diferuloyl
methane) induced ING4 expression during the cell cycle arrest by a p53-dependent manner
in glioma cells (U251) [112]. Therefore ING4 has been suggested for a possible role in the
signaling pathways of the chemotherapeutic agents.
4.2 Applications of ING family for gene therapy
Cancer still poses a great treat to human life and classical treatment modalities have still
failed to eradicate it. Developments in human genome technology and progress in
knowledge of the genes provided us alternative methods such as gene therapy to cure this
fatal disease. Currently researchers are working on several basic methods to treat cancer
using gene therapy. Some of these methods target healthy cells i.e. immune system cells to
enhance their ability to fight cancer. Other approaches directly involve cancer cells, to
destroy them or at least to stop their growth. The later method usually involves restoration
of the tumor suppressor genes. In tumor cells, ING transcript levels are now known to be
often downregulated though mutations are very rare. However, as explained in the above
sections, it has been now known that the inactivation of ING family genes at genetic and
epigenetic levels has a major role in the carcinogenesis of various neoplasms. Considering
involvement of ING tumor suppressors in many cancer types, it can be thought that ING
family genes may be of potential target for molecular therapy in human cancer. However,
only few preclinical studies exist to evaluate this potential. Thus this section will only give
an image and possible speculations for using these genes in cancer therapy.
Regarding the gene therapy of ING family genes in the literature, a few in vitro studies have
been reported. In 1999, the introduction of ING1 gene using virus vectors was reported as a
pioneer and a promising approach for the treatment of brain tumors [113]. Although
adenovirus-mediated introduction of isolated ING1 transcript has inhibited the growth of
glioblastoma cells, combined transduction of p33ING1 and p53 synergistically enhanced the
apoptosis in these cells [113], suggesting that ING1 may function as a proapoptotic factor as
well as enhancing the effect of p53.
Another study has shown similar findings and supported the cooperative role of ING1 and
p53 in esophageal cancer [114]. Co-introduction of ING1 and p53 induced more cell death as
compared to single use of each gene transcript in esophageal carcinoma cells. Thus, the
synergistic effect between p33ING1 and p53 for induction of apoptosis has been suggested
for 2 different human cancers, i.e. esophageal carcinoma and glioblastoma. Considering
these two in vitro studies, combined gene therapy of one or more ING family members
with/without p53 emerged as a promising alternative therapy in those cases with the failure
of single use of p53 gene therapy.
Another method in gene therapy could be potentialisation of the introduced gene. In fact, a
study showed that one of the ING1 splicing isoforms, p47ING1a, was differentially upregulated in response to cisplatin in human glioblastoma cells (LN229) that express ING1
proteins and harbor mutated TP53, which might represent a response to protect DNA from
this DNA-damaging agent. Thus ING1 down-regulation may sensitize glioblastoma cells

156

Head and Neck Cancer

with deficient p53 to treatment with cisplatin. It was concluded that the status of p53independent-ING expression level might predict the relative sensitivity to treatment with
cisplatin and HDAC inhibitors in glioblastoma. These studies suggest that molecular
therapy of ING1 could be combined with chemotherapeutics in a subset of human cancer.
Interestingly, some of ING family members have additional functions for suppressing the
tumor growth such as anti-angiogenesis for ING4. Thus future studies using other members
alone or in combination for gene therapy will provide more successful and promising
results. In fact, it has been shown that ING4 gene therapy may be effective in human lung
carcinoma as a novel anti-invasive and anti-metastatic agent [115]. Adenovirus-mediated
ING4 expression suppressed the tumor growth and cell invasiveness in A549 lung cancer
cells, suggesting that ING4, as a potent tumor-suppressing agent, present great therapeutic
potential. Another interesting study displayed that ING4 inhibited MMP-2 and MMP-9
expressions in melanoma cells, which may contribute to the suppression of melanoma cell
invasion [56]. This study demonstrated that overexpression of ING4 significantly decreased
melanoma cell invasion by 43% and suppressed cell migration by 63%. Since degradation of
basement membrane and extracellular matrix (ECM) is the first step in the invasion and
metastasis of malignant tumors, down-regulation of the MMP-2 and MMP-9 expressions
with Ad-ING4 may be a potential method in suppressing degradation components of the
ECM and basement membrane and thus metastasis. In this respect, association of the ING4
with the MMP pathway may open a new avenue and offer novel opportunities for
molecular therapy of cancer. In another recent study, Xie et al. [116] demonstrated that AdING4-mediated transfection of PANC-1 human pancreatic carcinoma cells inhibited cell
growth, altered the cell cycle with S-phase reduction and G2/M phase arrest, induced
apoptosis, and downregulated interleukin (IL)-6 and IL-8 expression of transfected tumor
cells. In athymic mice bearing the PANC-1 human pancreatic tumors, intratumoral
injections of Ad-ING4 suppressed the tumor growth, downregulated CD34 expression, and
reduced the tumor microvessel formation. Therefore, this study provided a framework for
future clinical application of Ad-ING4 in human pancreatic and other carcinoma
gene therapies.
In conclusion, these reports suggest that the transfer or forced expression of ING4 into
cancer cells by gene therapy also targets its related molecules such as MMPs. Thus
combination of ING4 gene therapy with chemicals, which inhibit MMPs, could be a
promising treatment method in various cancer types. In this respect, possible applications
each member of ING family genes for gene therapy should be tested. A summary of ING
gene alterations and their use as possible biomarkers and consequences of the gene
restoration in cancer are shown in Figure 4.

5. Future aspects
Over a decade of research on the ING family genes has revealed that ING genes are
involved in various functions from chromatin remodeling to cell cycle suppression and
apoptosis. Moreover ING family genes also cooperate with major tumor suppressor p53 and
make complexes with HAT and HDAC. Alterations of these genes occur commonly in many
cancer types. Recent studies also suggest that allelic deletion or down-regulation of mRNA
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Fig. 4. Alterations of ING family genes and their possible use as biomarker for diagnosis and
gene therapy in cancer
expressions as well as change of subcellular localization of proteins of the genes are likely to
be used as a prognostic or predictive marker in human cancer. Today many cancer types
including head and neck are treated based on clinical staging and findings such as lymph
node involvement, TNM stage. However these clinical markers are most time not enough to
follow tumor behavior or patients response to the therapy. Thus new methods are
warranted to overcome these shortcomings to get a better response to the therapy or to
predict which therapeutic method is best for each patient. At this point, involvement of ING
genes in p53 tumor suppressor pathways and crosstalk between the variant of a single ING
gene need to be clarified for focusing on INGs as diagnostic biomarkers. Progress on the
knowledge of functions of ING family genes as well as the relationship with p53 and other
unknown molecules will elucidate their roles in the development of human cancers, which
will result in their uses in cancer diagnostics as well as therapy.
Cancer today is still one of the most dangerous diseases for human life. So far for treatment
of cancer, surgery and chemoradiotherapy are the major therapies. Major difficulty for
treatment of the cancer is inefficiency of chemoradiotherapy since each person gives
different response to the therapy. So far clinical staging or findings is used to plan for
treatment of cancer. However, this is not enough since many patients are resistant to these
therapies and there is currently no way to understand efficiency of these methods. Moreover
these treatment modalities are not specific and demonstrate high toxicities. Recent
developments in human genome and technology provide novel methods for prediction of
therapy or tumor behavior as well as tumor-targeted specific therapeutic methods. Thus
although development of many molecular biomarkers for prediction of tumor behavior are
tested and genetic therapy trials are ongoing, five-year later it is likely to see some of these
methods as routine clinical use. For example, LOH of some TSG loci or expression profiles
of single or multiple genes or mutation status could direct our therapy and we can have a
nearly 100% success for each patient since the treatment will be individualized based on use
of multiple molecular biomarkers. Some of these markers could be developed based on the
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studies on ING family genes. Furthermore, current gene therapies using mostly p53 gene as
a tumor suppressor could be expanded to members of ING family genes or combined of
various tumor suppressors. Besides gene therapy can also be considered to combine with
chemoradiotherapy.

6. Key points
ING family genes are recently identified major tumor suppressor involved in many cancer
types.
ING family tumor suppressors have wide functions from cell growth, cell cycle suppression,
DNA repair, chromatin remodeling to apoptosis.
ING family genes also cooperate with other tumor suppressors such as p53 and HAT and
HDAC.
Alterations of ING genes at genetic and epigenetic level as well as their proteins showed
promising results for their use as a molecular biomarker.
These genes are also likely to be used for gene therapy as a single agent or combined with
other tumor suppressors.
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1. Introduction
Most of head and neck cancer (HNC) are squamous cell carcinoma. Recent advances in
molecular biology have documented significant genetic differences between head and neck
squamous cell carcinoma (HNSCC) cells and normal cells, leading to the development of
potential new therapeutics and chemoprevention (Choi & Myers, 2008). Historically, the
association between inflammation and cancer has been recognized. More recently, a
number of chronic inflammatory diseases have been shown to be associated with a variety
of human cancers, including HNC (Conroy et al., 2010; Fitzpatrick & Katz, 2010). The
relationship between oral health and cancer has been examined for a number of specific
cancer sites. Several studies have reported associations between periodontal disease or tooth
loss and risk of oral, upper gastrointestinal, lung, and pancreatic cancer in different
populations (Meyer et al., 2008). Cumulating evidences support the view that inflammatory
mediators, some of that may downregulate DNA repair pathways directly or indirectly.
Certain inflammatory mediators may affect on cell cycle checkpoints that result in the
accumulation of random genetic alterations. These in turn lead to a genomically
heterogenous population of expanding cells naturally selected for their ability to proliferate,
invade and evade hose defenses (Colotta et al., 2009).
Molecular studies of the well-known relationship between polyunsaturated fatty acid
metabolism and carcinogenesis provide novel molecular targets for cancer chemoprevention
and treatments. Several classes of agents have shown promise as chemopreventive agents,
including the nonsteroidal anti-inflammatory drugs (NSAIDs), which posses a valid scientific
basis for the prevention of multiple cancers, including HNC. Because NSAIDs are wellaccepted inhibitors of cyclooxygenase (COX) and prostaglandin (PG) production, research
work initially focused on COX-and PG-dependent mechanism of NSAIDs actions.
Polyunsaturated fatty acid, including arachidonic and linoleic acids, can enhance
tumorigenesis (Shureiqi & Lippman, 2001). Aberrant arachidonic acid (AA) metabolism,
especially COX-2 and 5-lipoxygenase (5-LOX) pathways, are activated during oral
carcinogenesis, and can be targeted for cancer prevention (el-Hakim & Langdon, 1991).
Recently, we found that inhibition of AA metabolism caused a decrease in HNSCC cell
invasion and matrix metalloproteinase (MMP) activities. Our findings suggest the contributory
roles of COX and LOX in HNC development and progression (Koontongkaew et al., 2010).
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This review will briefly summarize the implication of AA metabolism in HNC. We will
discuss what are known of COX and LOX in tumorigenesis of HNC. Possible mechanisms of
action of COX and LOX and potential roles for AA inhibitors in the prevention and therapy
of this cancer will be documented in this review.

2. Arachidonic acid cascade
AA is a long chain polyunsaturated fatty acid containing 20 carbons. It can be stored in
membrane phospholipids and released from nuclear envelop or plasma membrane by
cytosolic phospholipase A2 (cPLA2), either constitutively or in respond to a variety of cell
specific stimuli, including growth factors, hormones, cytokines, signaling molecules, or cell
trauma. Free AA can be subsequently metabolized by three key enzymes, COX, LOX, or
cytochrome P450 (CYP450) to generate lipid mediators, eicosanoids, which involved in
various biological function, inflammation regulation, and more recently, tumor progression
(Funk, 2001; Wang et al., 2007; Hyde & Missailidis, 2009). COX metabolism generates
prostanoids, including prostaglandins (PGs) and thromboxanes (TXs). LOX generates
leukotrienes (LTs), lipoxin (LXs) and hepoxillins (HOs). CYP450 metabolic pathway gives a
family of lipoxygenase-like hydroeicosatetraenoic acids (HETEs), epoxyeicosatrienoic acids
(EETs) and ω-HETEs (Capdevila et al., 2000).
2.1 The COX pathway
In the COX pathway, COX first oxidized AA to form prostaglandin G2 (PGG2), and is then
metabolized into an intermediate prostaglandin H2 (PGH2) by peroxidase activity (Figure 1).
PGH2 is an unstable endoperoxide, which is catalyzed to five primary prostanoids,
including PGD2, PGE2, PGF2α, PGI2 and thromboxane A2 by specific synthases.
Three isoforms of COX have been identified, COX-1, COX-2 and COX-3 (Williams et al.,
1999; Wang et al., 2007). COX-1 and COX-2 are similar in structure and catalytic activity.
Both enzymes have the same molecular weight and share a 61% amino acid sequence
homology. COX-3 is the splice variants of COX-1, which retains intron 1 and has a
frameshift mutation (Wang et al., 2007). COX-3 was constitutively highest expressed in the
cerebral cortex and heart tissue (Chandrasekharan et al., 2002). COX-1 is constitutively
expressed in almost all tissues and resident inflammatory cells. It generates PGs that
control homeostasis. COX-2 is normally undetectable. Constitutive COX-2 expression is
well recognized in brain, kidney and the female reproductive tract. However, COX-2 is
the most important regulator in the respond to inflammation and many types of cancers.
COX-2 can be induced by multiple cytokines and growth factors, via activation of
transcription factors that act on the promoter region, including TATA box, and NF-IL6
motif, two AP-2 sites, three Sp1 sites, two NF-κB sites, a CRE motif and an E-box
(Park et al., 2006).
The PGEs subclass, including cytosolic PGE synthase (cPGEs) and membrane-bound PGE
synthases (mPGEs), is also involved in inflammation and carcinogenesis. Once the various
PGs are synthesized, they are exported into the extracellular microenvironment and bind to
the specific G-protein coupled receptors (GPCRs) that can be activated by autocrine and
paracrine fashions in the tumor microenvironment (Sugimoto & Narumiya, 2007).
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Fig. 1. Main products and enzymes of the COX pathway. COX: cyclooxygenase; PG:
prostaglandin; TX: thromboxane.

3. COX and HNC
In the last decade inflammation and cancer had been linked together as biomarkers and
novel targets of cancer therapy in a large number of cancers, including HNC.
Overexpressions of COX-2 and prostanoids have been shown in various forms of human
cancers, including HNC, and they can be linked with cancer progression and metastasis (Lee
et al., 2001; Krysan et al., 2004; Huh et al., 2009). COX-2 expression was correlated with
shorter survival in non-small cell lung cancer and poor survival in prostate cancer and
gliomas patients (Khuri et al., 2001; Shono et al., 2001; Khor et al., 2007). Upregulation of
COX-2 has been reported in human tissues and cell lines as well as in serum of patients with
HNC. The increased levels of COX-2 were associated with the risk of tobacco- and betel nutrelated cancers, advance clinical stage, survival and lymph node metastasis (Tang et al.,
2003; Molinolo et al., 2007; Chiang et al., 2008; Husvik et al., 2009; Saba et al., 2009; Kapoor et
al., 2010; Mittal et al., 2010). In addition, PGE2 receptors are widely expressed in a variety of
HNSCC cell lines as well as in tumor tissues (Abrahao et al., 2010).
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Several studies showed the effects of COX inhibitors on cancer cell proliferation, invasion
and proliferation, invasion and metastasis. Selective COX-2 inhibitors decreased viability,
invasion and adhesion of HNSCC cells by down-regulated MMP-2, MMP-9 and vascular
endothelial growth factor (VEGF) secretion (Kim et al., 2010; Koontongkaew et al., 2010; Li et
al., 2010). Moreover, suppression of COX-2 expression by small RNAs reduced cancer cell
proliferation and invasion by decreased VEGF production (Park et al., 2010; Wang et al.,
2010). Selective COX-1 inhibitor also decreased cancer cell proliferation (Koontongkaew et
al., 2010). However, little is known about the molecular mechanism of the COX-2 pathway
in the regulation of HNSCC cell growth. Molecular mechanism of cell apoptosis by COX2/PGE2 through phosphatidylinositol 3-kinase (PI3K)/AKT pathway has been suggested in
human epidermoid carcinoma cells (Agarwal et al., 2009).
COX-2 is expressed in tumor neovasculature as well as in tumor tissues. The proangiogenic
factors of COX-2 are TXA2, PGI2 and PGE2. Selective inhibitor of COX-2 has been shown to
suppress angiogenesis in vitro and in vivo by reduced VEGF production (Williams et al.,
2000). This suggests a role of COX in the process of angiogenesis, which might have an effect
in HNSCC cell proliferation.
3.1 COX and ERK pathway
Upregulation of epidermal growth factor receptor (EGFR) has been suggested as a major
pathway involved in HNSCC progression (Le Tourneau et al., 2007; Molinolo et al., 2009).
Activation of EGFR has been shown to induce increased COX-2 expression in various
normal and cancer cell lines, including HNSCC cells. However, the signaling pathway
involved in COX-2 via EGFR varies depending on the type of cells and inducers, but the
ras/ raf/ mitogen-activated protein kinases (MAPKs) signaling pathways mainly contribute
to both increased transcriptional and posttranscriptional controls. On the other hand,
COX-2 could induce transactivation or upregulate EGFR expression (Choe et al., 2005;
Husvik et al., 2009).
Selective COX-2 inhibitors have been shown to decrease PGE2 production in vitro and in vivo
(Hoshikawa et al., 2009; Abrahao et al., 2010). This implies that upregulated PGE2 in tumor
microenvironment by COX-2 overexpression may promote the growth of HNSCC cells in an
autocrine and/or paracrine effects by acting on widely expressed PGE2 receptors in
HNSCC cells. Additionally, p53, a tumor suppressor, play an inhibitory role in AA
metabolism. It downregulates COX-2 expression and leads to tumor cell apoptosis
(Subbaramaiah et al., 1999).
3.2 COX and PI3K/AKT pathway
The PI3K/AKT pathway plays critical roles in the control of cancer cell survival and
apoptosis in many cancers, including HNC (Jiang & Liu, 2008; Cohen et al., 2011). It has been
recognized that protein kinase B (Akt/PKB) activity is implicated in K-Ras-induced
expression of COX-2, and the mRNA stability of COX-2 partially depends on the activation
of AKT (Sheng et al., 2001). Indomethacin, a NSAID, has been found to induce apoptosis in
renal cell carcinoma cells by activating AKT and MAPK signaling (Ou et al., 2007).
Celecoxib, a selective COX-2 inhibitor, had been shown to induce apoptosis through
(PI3K)/AKT and the COX-2 signaling pathway in various cancers, including non-small cell
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lung carcinoma, prostate and gastric cancers (Kulp et al., 2004; Zhu et al., 2004; Fan et al.,
2006). In HNC, however, the mechanism of COX-2 upregulation is not fully understood.
There was reported that COX alone did not effect on pEGFR, pERK1/2 and pAKT.
However, inhibition of combination of COX and EGFR reduced the AKT activities of
HNSCC cells (Chen et al., 2004b).
3.3 COX and tumor invasion
It is well documented that COX inhibitors reduce cancer cell migration, cell adhesion and
tumor invasiveness (Lin et al., 2002). Increased invasiveness has been associated with
activation of MMPs. MMPs are a family of proteolytic enzymes linked to several malignant
properties of a variety of tumor cells, including HNSCC cells (Rosenthal & Matrisian, 2006).
Therefore, it is possible that COX-2 enhances tumor cell invasion through the upregulated
MMP activities. To date, however, a few studies have investigated the importance of COX-2
in modulating the invasive properties of HNSCC cells. Recently, we found that COX-1 and
COX-2 inhibitors reduced cell viability, MMP-2 and MMP-9 activities, and in vitro invasion
of primary and metastatic HNSCC cells (Koontongkaew et al., 2010). Our findings are
consistent with other studies that demonstrated the inhibitory effects of COX inhibitors on
MMP activities in breast (Larkins et al., 2006), prostate (Attiga et al., 2000), colon (Ishizaki et
al., 2006) and lung cancer cells (Karna & Palka, 2002). Regarding the role of COX-2 in the
metastasis and invasion of HNSCC cells, the precise mechanism remains obscure, but a
decrease of COX-2 dependent PGE2 may downregulate MMP production through PGE2
receptors (Dohadwala et al., 2002).

4. Inhibition of COX
NSAIDs, non-selective inhibitors for COX, are over-the-counter drugs and widely use as
analgesics, anti-inflammations, antipyretic and chemoprevention in cardiovascular diseases
and other disorders. Experimental tumor model studies show that NSAIDs impair the
growth and development of HNSCC, indicating potential as a chemopreventive agent
(Cornwall et al., 1983; Lin et al., 2002; Mohan & Epstein, 2003). Moreover, both non-selective
and selective of COX prevented 4-nitroquinoline- oxide (NQO)-induced tumorigenesis in
rats (McCormick et al., 2010). Regular use of aspirin has been shown to reduce the risk of
colon cancer (Dube et al., 2007). Celecoxib is approved for the chemoprevention of colon
cancer in patients with familial adenomatous polyposis. This COX-2 inhibitor has also been
shown to reduce the incidence of various cancers in vivo (Grosch et al., 2006). To date,
however, no definitive conclusion on the effect of NSAIDs/aspirin use on the risk of
HNSCC is well documented (Wilson et al., 2011). Although NSAIDs or aspirin may have
protective effect on HNSCC, further large-scale studies are required.
Selective COX-2 inhibitors were reported to enhance treatment responds to radiotherapy or
combination of radiotherapy and chemotherapy, suggesting that the inhibitors can improve
the response of various cancers to conventional cancer therapies (Liao et al., 2003; Komaki et
al., 2004). To date, several concurrent clinical trial studies of HNC are using a combination of
standard treatment with a selective COX-2 inhibitor and the others, such as EGFR inhibitor,
which has been shown to improve survival in patients with non-small cell lung cancer
(Fidler et al., 2008). A combination of EGFR-selective tyrosine kinase inhibitor with a COX-
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2 inhibitor (celecoxib) induced cell cycle arrest and apopotosis in HNSCC cells. The
combination showed strong reduction of EGFR, ERK1/2 and AKT activations (Chen et al.,
2004b). The phase 1 clinical trial, using a combination of an EGFR inhibitor (erlotinib), a
selective COX-2 inhibitor (celecoxib) and reirradiation showed a feasible and clinically
active regimen for recurrent HNC patients (Kao et al., 2011). During and after radiotherapy
in combination with celecoxib, significant decrease of the plasma levels of VEGF were
observed in patients with advanced HNC who had high COX-2 expression in their tumor
tissues (Halamka et al., 2011).

5. The LOX pathway
In human cells, generally, four types of LOXs have been identified, namely 5-, 12- and 15-LOX1 and LOX-2. Collectively, they catalyze the oxygenation of AA into
hydroperoxyeicosatetraenoic acids (HPETEs) (Figure 2). Ultimately, this is followed by their
conversion to their corresponding hydroeicosatetraenoic acids (HETEs), leading to the
formation of LTs, LXs and HOs. The metabolism of linoleic acid preferentially results in the
formation of hydroxyloctadecadienoic acids (HODEs). 5-LOX catalyzes the first step in the
oxygenation of AA to produce 5-HPETE, and the subsequent metabolism of 5-HPETE to 5HETE and LTs. LTs belong to a key group of pro-inflammatory mediators that are synthesized
from AA via the 5-LOX pathway. The activity of 5-LOX leads to the formation of unstable
LTA4, which can be converted into LTB4 or cysteinyl LTs (LTC4, LTD4 and LTE4) Platelettype 12-LOX (p12-LOX) exclusively uses AA released from glycerol-phospholipid pools to
synthesize 12S-HPETE and 12S-HETE, whereas leukocyte-type 12-LOX can also synthesize
15S-HETE and 12S-HETE. In addition to leukocytes and platelets, the expression of 12-LOX
isozymes has been observed in various types of cells, including smooth muscle cells,
endothelial cells and keratinocytes. 15-lipoxygeases (15-LOX) can be subdivided into two
isoforms, namely 15-LOX-1 and 15-LOX-2. 15-LOX-1 is mainly expressed in reticulocytes,
eosinophils and airway epithelial cells, as well as in macrophages. In terms of enzymatic
characteristics, 15-LOX-1 preferentially metabolizes linoleic acid primarily to 13S-HODE, but
also metabolizes AA to 15S-HETE. 15-LOX-2, on the other hand, converts AA to 15S-HETE
and poorly metabolizes linoleic acid (Romano & Claria, 2003).
The products of LOX metabolism represent either intermediary products such as HPETE,
which are transformed enzymatically into secondary products, including LTs, LXs, HOs and
HETEs, which can act as signaling molecules in their own right or give rise to the
production of reactive oxygen species (ROS). Signaling of LOX-derived products can occur
through either G protein coupled cell-surface receptors, in the case of LOs and LTs, or
through activation of nuclear receptors such as peroxisome proliferator activated receptors
(PPARs) in the case of HETEs and HODEs (Pidgeon et al., 2007).

6. LOX and HNC
Early tumorigenesis studies in animals demonstrated the contributory roles of AA and
linoleic acid in tumorigenesis. Various LOX products have been linked to tumorigenesis in
vitro and also in vivo in animal models. In addition, the modulation of LOX metabolism has
anticarcinogenic effects on tumor development. Therefore, it suggests that LOX modulation
has been targeted for developing anticarcinogenic agents (Shureiqi & Lippman, 2001).
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Fig. 2. Main products and enzymes of the LOX pathway. LOX: lipoxygenase; HPETE:
hydroperoxyeicosatetraenoic acid; HETE: hydroxyeisatetraenoic acid; HOs: Hepoxillins;
LXs: lipoxins; LT: leukotriene.
5-LOX, 12-LOX, 15-LOX-1 and 15-LOX-2 were detected in HNSCC cell lines derived from
primary and metastatic tumors. Therefore, it is not surprised that LOX metabolites,
including 5-HETE, 12-HETE, 15-HETE and 13-HODE were found in primary and metastatic
HNSCC cells. However, there was no correlation between LOX isoforms and their
metabolites in HNSCC cells (Schroeder et al., 2004). The level of LTB4, a metabolite of the 5LOX pathway, was found to be higher in oral cancer lesions in human and hamsters (elHakim et al., 1990; Li et al., 2005). This enzyme was also upregulated in other cancers,
including prostate (Gupta et al., 2001), pancreatic (Hennig et al., 2002), colon (Ohd et al.,
2003) and esophageal cancers (Chen et al., 2004a). Previous studies in 7,12dimethylbenz[a]anthracene (DMBA)-induced hamster oral cancer demonstrated
overexpression of 5-LOX in the stromal inflammatory cells and epithelial cells at the early
stages of oral squamous cell carcinogenesis. Moreover, zileuton, a specific 5-LOX inhibitor
and celecoxib (a specific COX-2 inhibitor), either alone or in combination, had an inhibitory
effect on the incidence of oral tumor in DMBA-treated animals. Zileuton seems even more
effective than celecoxib. These findings suggest that the 5-LOX pathway of AA metabolism
plays an important role in inflammation-associated oral cancer (Li et al., 2005).
Recently, studies in the mouse model showed that the expression of 5-LOX and COX-2 was
increased in dysplasia and squamous cell carcinoma of 4-nitroquinoline-1-oxide (4NQO)-
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treated tongues, and further enhanced by ethanol. Fewer tumors were induced in Alox5-/mice, as were cell proliferation, inflammation, and angiogenesis in the tongue, as compared
with Alox5+/+ mice. COX-2 expression was induced by ethanol in knockout mice, while 5LOX and LTA4H expression and LTB4 biosynthesis were dramatically reduced. Moreover,
ethanol enhanced expression and nuclear localization of 5-LOX and stimulated LTB4
biosynthesis in human tongue squamous cell lines. These findings suggest that the
activation of the 5-LOX pathway of AA metabolism involves in oral carcinogenesis
(Guo et al., 2011).
Inhibition of AA metabolism (COX-2 and 5-LOX) by curcumin has also been suggested as a
key mechanism of its anticarcinogenic action in DMBA-induced hamster oral carcinoma (Li
et al., 2002; Bengmark, 2006). Zyflamed, a product containing 10- concentrate herbal extracts
significantly reduced infiltration of inflammatory cells, incidence of hyperplasia and
dysplastic lesions, cell proliferation as well as number of tumors in the DMBA-induced
hamster cheek pouch model. Furthermore, it was shown that zyflamed reduced LTB4
formation compared with that of the control (Yang et al., 2008).
In a long-term carcinogenesis study, topical application of LTB4 enhanced oral
carcinogenesis by increasing the incidence and sizes of tumors. LTB4 inhibitors significantly
inhibited oral carcinogenesis, and the anticarcinogenesis as such correlated with reduced
levels of LTB4 (Sun et al., 2006). An in-vitro study demonstrated that addition of LTB4 to
RBL-1 cells, a rat leukemia cell line expressing high levels of 5-LOX, could counteract the
inhibition of cell proliferation produced by a LOX inhibitor (zyflamed) (Yang et al., 2008).
LOX products were indentified in human mixed saliva and in saliva fractions obtained from
a parotid or submandibular gland. In glandular saliva, only linoleic acid was detected at
levels of 20-30 ng/ml. In contrast, mixed saliva showed a linoleic acid concentration of
around 300 ng/ml, AA levels of around 30 ng/ml, HODE levels between 5 and 10 ng/ml,
and HETE levels up to 25 ng/ml. By far the most abundant HETE was 12-HETE, and
incubation experiments with AA showed the presence of a substantial 12-LOX activity in
human mixed saliva, but not in saliva fractions. Investigating mixed saliva and glandular
saliva of patients with squamous cell carcinoma in the upper aerodigestive tract and of
controls; most patients showed elevated levels of free AA and elevated HETE levels. Besides
a moderate increase in 12-HETE levels, markedly elevated concentrations of 5-HETE and 15HETE were observed for the carcinoma patients. Therefore, it is proposed that the level of
free AA, and the quantitative HETE profile appear to be good markers for the inflammatory
processes occurring in the oral mucosa and in saliva in response to the development of
squamous cell carcinoma (Metzger et al., 1995).
6.1 Molecular mechanisms of LOX-mediated HNC development
As mentioned above, substantial evidence supports a functional role for LOX-catalyzed AA
metabolism in HNC development. Pharmacologic and natural inhibitors of LOX have been
shown to suppress carcinogenesis and tumor growth in a number of experimental models.
In recent years participation of LOX in the regulation of cell proliferation, apoptosis and
angiogenesis has emerged. Many cell pathways are involved in the process by which cells
choose between growth arrest, apoptosis or survival. The crosstalk of LOX derived products
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with different growth factor receptor-induced signaling cascades is involved in the
stimulation of tumor cell growth.
The aberrant activation of multiple signaling pathways, including EGFR, ras, NFκB, STAT,
Wnt/β-catenin, TGF-β and PI3K/AKT were observed in HNSCC (Molinolo et al., 2009).
Oncogenic events in HNC associated with abnormal activation of the PI3K/AKT pathway
include mutations, allelic loss, or the promoter methylation of the negative regulator
phosphatase and tensin homolog (PTEN) (Cohen et al., 2011). LOX metabolites may exert
their biological effects in an intracrine manner, through the activation of transcription
factors of the PPAR family, or they may interact with specific trans-membrane G proteincouple cell surface receptors in an autocrine or paracrine manner (Pidgeon et al., 2007). LOX
metabolites may involve in ERK1/2, PI3K/AKT cascade, and STAT signaling pathways in
HNSCC cells (Pidgeon et al., 2007). PTEN may be oxidized and inactivated during AA
metabolism in cancer cells. Oxidation of PTEN resulted in a decrease of its phosphatase
activity, favoring increased PI-3, 4, 5-trisphosphate (PIP3) production, activation of AKT and
phosphorylation of downstream AKT targets. Such activation leads to cell cycle induction
during HNC development (Covey et al., 2007; Jiang & Liu, 2008).
Tumor growth does not only depend on increased cell proliferation but also on prolonged
cell survival through the inhibition of cell death or apoptosis. LOX inhibition has been
shown to induce apoptosis in cancer cells (Lepage et al., 2010). LOX metabolites may
enhance cancer cell survival through an increase in Bcl-2. In addition, they can upregulate
the p-ERK and p-AKT levels, suggesting the involvement of ERK and AKT pathways in the
LOX-mediated regulation of growth in cancer cells (Agarwal et al., 2009). However, it was
found that metabolism of AA by 5-LOX activity promotes survival of cancer cells via
signaling through PKCε, a pro-survival serine/threonine kinase which is not dependent on
the AKT and ERK-pathway (Sarveswaran et al., 2011).
In addition to its role in neoplastic transformation, 5-LOX and its AA metabolite had shown
to be involved in angiogenesis. 12S-HETE has been shown to be a mitogenic factor for
microvascular endothelial cells and stimulates endothelial cell migration. Moreover, 12SHETE has an ability to induce the expression of VEGF, an important proangiogenic factor, at
both protein and promoter levels (Pidgeon et al., 2007).
However, little is known about the role of LOX in HNC cell metastasis. The process of
tumor invasion by cancer cells involves degradation of the underlying basement membrane,
which largely made up of collagen IV. MMP-2 and MMP-9 showed substrate specificity
toward type IV and V collagen and a number of studies have demonstrated a strong
correlation between MMP expression and metastatic potential (Rosenthal & Matrisian,
2006). Recently, our findings demonstrated the inhibitory effects of NDGA
(nordihydroguaiaretic acid, the selective LOX inhibitor) and ETYA (5, 8, 11, 14eicosatetraynoic acid, the COX and LOX inhibitor) on cell proliferation, MMP activity and
invasion in primary and metastatic HNSCC cells (Koontongkaew et al., 2010). It is possible
that LOX inhibitors activate PPAR activity and subsequent reduction in MMP-9 signaling
(Hyde & Missailidis, 2009).
The ability of tumor cells to generate 12S-HETE is positively correlated to their metastatic
potential and the increased expression of p12-LOX enhanced the metastatic potential of
cancer cells. Moreover, 12S-HETE has been found to modulate multi steps of the metastatic
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process encompassing tumor cell and endothelial cell interactions, tumor cell motility,
proteolysis and invasion (Furstenberger et al., 2006). Moreover, LOX may promote tumor
cell migration through FAK (focal adhesion kinase) activation (Navarro-Tito et al., 2008).
It should be noted that the role of LOX in HNC development is thought to be more complex,
compared with that of COX because 6 LOX genes have been identified in human and
different profiles of LOX were found in studies on human tumor biopsies and
experimentally induced animal tumor models. The inverse expression pattern of individual
LOX isoenzymes in normal versus malignant tissues and the biological effects of the
corresponding LOX products propose the important role of dynamic balance among LOX
isoenzymes in tumorigenesis. It has been shown a dynamic balance among LOX shifting
toward the procarcinogenic 5- and p12-LOX and away from anticarcinogenic LOXs such as
15-LOX-1, 15-LOX-2, 8-LOX and epidermal-type 12-LOX (e12-LOX) during prostate and
colon cancer development (Menna et al., 2010). However, at present little is known about
modulation of carcinogenesis through pro-and anticarcinogenic LOX isoforms in HNC
development and progression.

7. Converging pathways of COX and LOX in HNC
The AA-metabolizing enzymes are overexpressed during animal and human carcinogenesis
and
AA metabolites such as PGE2, 5-HETE and LTB4 had been implicated in HNC
development. COX-2 and 5-LOX play important roles in inflammation and inflammationassociated tumorigenesis. It is evident that COX and LOX display similarities in expression
and functions in HNC. In particular, the COX-2 and 5-LOX pathways are activated together
during inflammation, and blocking one pathway may activate the other. It was shown that
inhibition of COX-2 might lead to a shunt of AA metabolism towards the LT pathway in
HNC. Suppressing PGE2 levels by a COX-2 inhibitors, celecoxib, leads to an increase in the
activity of 5-LOX, 12-LOX and 15-LOX-2 and results in the increase of their products,
including, 5-HETE, 12-HETE and 15-HETE (Schroeder et al., 2004). A study in the mouse
model of HNC, demonstrated an increase of LTB4 in tumor tissues in mice treated with
PGE2. In contrast, LTB4 could not decrease tumor tissue levels of PGE2 (Scioscia et al., 2000).
Therefore, simultaneous blocking of each enzyme may be required to achieve
substantial elevation in free AA levels and prevent the shunting of metabolism to another
active pathway.
Taken together, COX-2 and 5-LOX may have redundant function in HNC pathobiology.
First, COX-2 and 5-LOX enhance tumor cell proliferation. Second, both COX-2 and 5-LOX
are proangiogenic with a convergent targeting on VEGF, FGF and MMPs. Third, COX-2 as
well as 5-LOX inhibitors, arrest cell cycle progression and induce apoptotic cell death in
HNSCC cells. Fourth, both COX-2 and 5-LOX enhance HNSCC cell invasion and tumor
metastasis. In addition, active COX2 and 5-LOX are localized in the nucleus, and they may
function as endogenous ligands for nuclear receptors such as the PPARs (Menna et al.;
Romano & Claria, 2003) (Figure 3).

8. Future prospects and conclusions
The summarized findings contained in this review support the contributory role of chronic
inflammation in the pathogenesis of HNC. A hallmark of the inflammatory process is the
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synthesis of inflammatory cytokines and AA metabolites. Two major AA metabolic routes,
i.e., the COX and LOX pathways control the biosynthesis of eicosanoid. COX-derived
eicosanoids comprise PG and TXA2, whereas HPETE and LTs are products of LOXcatalyzed arachidonic acid metabolism. In HNC, COX-2 and LOX are coexpressed and
upregulated in tumor cell lines, experimentally induced animal tumor models and human
tumor biopsies. Currently, the underlying mechanisms for the tumorigenic effects of COX
and LOX remain somewhat undefined. A number of studies of HNC have suggested the
involvement of COX-2 and/ or 5-LOX in tumor cell proliferation, apoptosis, angiogenesis
and metastasis.

Fig. 3. Effects of COXs and LOXs on tumerigenesis. Both COXs and LOXs stimulate
proliferation, inhibit apoptosis, induce angiogenesis, and enhance invasion and metastasis
in cancer cells. MAPKs: mitogen activated protein kinases; PKC: protein kinase C; Bcl-2: Bcell lymphoma2; PPARs: peroxisome proliferator-activated receptor; VEGF: vascular
endothelial growth factor; MMP: matrix metalloproteinase.
COX and/ or LOX inhibitors in many instances demonstrate potent anticancer effects.
Manipulation of AA metabolism, therefore, represents a promising approach to develop
HNC therapy. However, in spite of extensive research in COX and LOX inhibitors, their
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combined use for chemoprevention is still in its development stage. Further investigations
are indeed necessary to develop appreciate chemopreventive strategies in HNC. First, the
mechanism by which COX and LOX pathways are deregulated, interacted with each other,
or contribute to head and neck tumorigenesis must be more clarified. Second, more clinical
studies are critical to evaluate the effectiveness of COX and LOX inhibitors and to
understand their mechanisms of action a single agent and in combination in HNC,
specifically. Eventually, possible drug toxicity from a combined use must be evaluated over
the long term.
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1. Introduction
Nasopharyngeal carcinoma (NPC) is a distinguishing and rare form of head and neck cancer
whose predominant tumor type arises in the nasopharynx, the narrow tubular passage behind
the nasal cavity. The disease is classified into three histopatholigical types by The World
Health Organization (WHO): Keratinizing squamous cell carcinoma (SCC, WHO Type I),
Nonkeratinizing carcinoma: differentiated (WHO Type II) and undifferentiated (WHO Type
III) and basaloid squamous cell carcinoma1. Worldwide, there are 80,000 incident cases and
50,000 deaths annually,2 however the disease is vastly more common in certain regions in Asia
and Africa than anywhere else in the world. In the United States, the incidence ranges from 0.2
and 0.5 cases per 100,000 population, which constitutes roughly 0.02% of all cancers, compared
with endemic areas such as areas in Asia, where NPC might represent 25% of all cancers3. In
fact, it is sometimes referred to as Cantonese cancer because it occurs in about 25 cases per
100,000 people in this region, 25 times higher than the rest of the world4.
Making it distinct is the fact that it differs from other head and neck squamous cell carcinomas
(HNSCCs) in epidemiology, histology, natural history, and response to treatment. The
remarkable geographic and demographic variation of NPC incidence suggests a multifactorial
etiology of NPC. In endemic populations, the risk of NPC appears to be related to an
interaction of these factors, namely Epstein-Barr virus (EBV) infection; genetic predisposition;
and environmental factors such as the traditionally high intake of preserved foods5-7.

2. RT and chemotherapy for locally advanced disease
The radiosensitizing properties of systemic chemotherapy are firmly established for head
and neck tumors8, and NPC is inherently more chemosensitive than other head and neck
malignancies9. Therefore, it follows intuitively that adding systemic chemotherapy or
targeted therapies to radiotherapy could provide NPC patients with additional clinical
benefit. This hypothesis was tested in the late 1990s, and the utility of platinum-based
chemotherapy in addition to radiation (RT) in locally advanced NPC was clearly
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demonstrated in 1998 when the Intergroup 0099 trial was terminated prematurely due to a
clear survival benefit in the chemotherapy with radiotherapy arm10. Since that time several
randomized trials have been published, all varying in their chemotherapy regimens and
timing of chemotherapy in relation to RT (Tables 1 and 2).

Table 1. Randomized Trials of Chemotherapy with RT vs RT alone in locally advanced NPC
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Table 2. OS and DFS of randomized trials of chemotherapy with RT vs. RT alone in locally
advanced NPC
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2.1 Neoadjuvant chemotherapy
Four trials have assessed the role of neoadjuvant chemotherapy followed by RT versus RT
alone. The VUMCA study11, active from 1989-1993, was a multi-center phase II trial of 339
patients, in which 171 patients were randomized to receive neoadjuvant bleomycin,
epirubicin, and cisplatin (BEC). The remaining 168 patients received RT alone. After a
median followup of 49 months the authors noted increased disease free survival (DFS) in the
chemotherapy with RT arm (52% vs 32%). However, no difference in overall survival (OS)
was seen, and the trial was notable for an 8% rate of treatment-related death in the
experimental arm versus 1% among patients treated with RT alone.
A small study of 80 patients, active from 1991-1998, was published by Hareyama et al12.
Forty patients were randomized to cisplatin and 5-fluorouracil prior to RT, and the control
arm received RT alone. A trend toward both OS and DFS at three years was seen in the
neoadjuvant arm (60% and 55% vs 48% and 43%, respectively), though this did not reach
statistical significance. In 1998, Chua et al published the results of a trial active from 19891993, in which 334 patients were randomized to either cisplatin and epirubicin with RT or
RT alone13. Intention to treat analysis at three years revealed a trend toward improved DFS
and OS in the chemoradiotherapy arm (58% and 80% vs 46% and 72%, respectively),
however the results did not reach statistical significance.
In 2001 Ma et al reported a trial, active from 1993-1994, in which 449 patients were
randomized to two to three cycles of cisplatin, 5-fluorouracil, and bleomycin with RT versus
RT alone14. Intention to treat analysis at five years revealed a statistically significant
improvement in DFS (59% vs 49%), however, while a trend toward improved OS was noted
this did not reach statistical significance. In 2005, Chua published an analysis of pooled data
from the latter two trials, which together included 784 patients with a median follow up of
67 months15. This analysis revealed a statistically significant DFS benefit in the neoadjuvant
arm (51% vs 43%). However, consistent with the other trials, a trend toward OS (62% vs
58%) did not reach statistical significance. In summary, four trials of neoadjuvant platinumbased chemotherapy in addition to RT have revealed, at best, modest improvement in DFS
and a trend toward improved overall survival. However to date no trial has shown a clear
and statistically significant survival benefit with the neoadjuvant strategy.
2.2 Concurrent chemotherapy
To date, three trials have assessed the strategy of concurrent chemotherapy and RT as
compared to RT alone. In 2002, Chan et al reported a trial, active from 1994-1997, of 350
patients randomized to weekly low-dose cisplatin plus RT versus RT alone16. Notably, the
study population in this trial had relatively advanced disease: 90% of patients were Ho’s stage
III or IV, and over 70% were AJCC stage III or IV. A trend toward improved DFS at two years
was seen (76% vs 69%), however this did not reach statistical significance. Updated data
published in 2005 revealed modestly improved DFS and OS for the chemotherapy arm at five
years: DFS was 60% and 52% (p = 0.06) and OS was 70% and 59% (p = 0.05) for the
chemotherapy + RT and RT alone arms, respectively17. A subgroup analysis of this data
revealed that patients with more advanced disease (T3 and T4) derived the most benefit. Lin et
al reported data in 2003 from a 1993-1999 study of concurrent cisplatin and 5-fluorouracil plus
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RT vs RT alone18. All patients in this trial had AJCC stage III or IV disease. The study revealed
statistically significant improvement in both DFS and OS with concurrent chemotherapy: 5year OS rates for the chemotherapy arm were 72% compared with 54% in the control arm, and
the 5-year DFS rates were 72 versus 53%, respectively. Of note, significantly more toxicity was
noted in the chemotherapy arm. In 2005, Zhang et al published a trial, active from 2001-2003,
of 115 patients randomized to six doses of weekly oxaliplatin plus concurrent RT versus RT
alone19. Consistent with the earlier cisplatin-based trials, this study revealed a significant DFS
and OS benefit for patients treated with concurrent platinum-based chemotherapy. For the
chemotherapy + RT and RT alone arms, respectively, two year OS was 100% versus 77% and
two year DFS was 96% versus 83%. In summary, three trials of concurrent platinum-based
chemotherapy plus radiotherapy have revealed statistically significant improvements in DFS
and OS as compared to radiotherapy alone. In these trials, the benefit was greatest in patients
with advanced disease.
2.3 Adjuvant chemotherapy
The first trial that addressed the question of adding chemotherapy to RT for patients with
NPC used an adjuvant strategy. In 1988, Rossi et al published the results of a 4 year multicenter trial, active from 1979-1983, in which 229 patients were randomized to either adjuvant
vincristine, cyclophosphamide, and adriamycin following RT or RT alone20. Follow up at
four years did not reveal a statistically significant difference in DFS or OS between the two
groups. Notably, no platinum agent was used in this trial, and therefore the lack of benefit
must be interpreted in light of subsequent studies which have established platinum-based
chemotherapy as the cornerstone of chemotherapy plus RT strategies in this disease.
However, a later study of adjuvant chemotherapy, which did include cisplatin, was
published in 2002 by Chi et al and revealed no significant DFS or OS benefit21. Between 1994
and 1999, 157 patients were randomized to either adjuvant cisplatin with 5-fluorouriacil and
leucovorin plus RT versuss RT alone. At five years, the DFS rates were 54.4% vs 49.5% and
the OS rates were 60.5% and 54.5%, respectively, for the chemotherapy and RT arms.
Neither of these differences reached statistical significance. In summary, two trials have
addressed the strategy of adjuvant chemotherapy following RT, one of which was published
prior to the Intergroup 0099 trial and as such did not include a platinum agent. Neither
study revealed a statistically significant improvement in survival with adjuvant
chemotherapy following RT as compared to RT alone.
2.4 Neoadjuvant plus adjuvant chemotherapy
To date, only one study has assessed the effect of combined neoadjuvant and adjuvant
chemotherapy in addition to RT. In 1995, Chan et al reported a study of 82 patients
randomized to two cycles of neoadjuvant and four cycles of adjuvant chemotherapy (both
with cisplatin) plus RT vs RT alone22. No difference in either DFS or OS was noted after two
years follow up. In summary, the single published trial of combined neoadjuvant and adjuvant
chemotherapy (cisplatin) plus RT revealed no benefit of this strategy as compared to RT alone.
2.5 Concurrent plus adjuvant chemotherapy
To date, the most influential study to address the question of chemotherapy plus RT in
locally advanced NPC utilized a combined concurrent and adjuvant platiunum-based
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chemotherapy strategy, and, consequently, this approach has subsequently received the
most research attention. In 1998, Al-Sarraf et al published the results of the Intergroup 0099
study, active between 1989 and 1995, in which 193 patients were randomized to either RT
alone or a chemotherapy arm10. Patients in the chemotherapy group were treated with
cisplatin on days 1, 22 and 43 of the concurrent RT, and three adjuvant cycles of cisplatin
with 5-fluorouracil were given monthly after completion of chemoradiotherapy. At 3 years,
DFS was 69% in the chemotherapy group and 24% in the RT alone arm. Overall survival at 3
years was 78 vs 47%, favoring chemotherapy. These results prompted early closure of the
study, given the clear benefit demonstrated with concurrent plus adjuvant cisplatin.
Updated analysis at 5 years confirmed the benefit of treatment, with 5-year DFS rates of 58
vs 29% and 5-year OS rates of 67 vs 37%, both favoring the combined therapy arm23.
Analysis of the National Cancer database since the first published results of the Intergroup
0099 study data in 1998 has demonstrated that this study has led to a demonstrable change
in NPC management. Of all patients enrolled in the database and matching the eligibility
criteria of the Intergroup 0099 study, only 38% received chemotherapy along with RT prior
to 1997, while since the publication of the data, 65% of these patients have received
concurrent and adjuvant chemotherapy24.
One-quarter of all patients treated on the Intergroup 0099 protocol had World Health
Organization (WHO) stage I histology (keratinizing squamous cell carcinoma). A phase III
randomized trial active from 1997-2003, using a similar chemotherapy and RT plan but
restricted to patients with WHO type IIa (nonkeratinising squamous cell carcinoma) and IIb
(undifferentiated carcinoma) histologies was published by Wee et al in 200525. The two and
three year DFS and OS rates were statistically significant and favored the use of
chemotherapy, confirming the findings of the Intergroup 0099 trial. Of note, the
chemotherapy regimen used in the Wee et al study differed slightly from the Intergroup
0099 trial in that the dose of cisplatin was given in divided doses rather than one dose,
however, the total dose remained the same. Lee et al have published data from the Hong
Kong NPC Study Group in which the Intergroup 0099 regimen was applied to patients with
nonkeratinizing or undifferentiated NPC26. Preliminary results published in 2004 suggested
a trend toward improved DFS in the chemotherapy arm. Long term follow up data
published in 2010 confirmed the trend toward improved DFS seen on the initial analysis
(62% vs 53% favoring chemotherapy). However, while five-year analysis showed a clear
reduction death due to disease progression in the chemotherapy arm (28% vs 38% favoring
chemotherapy, p = 0.08), the five-year overall survival data revealed only a modest trend
favoring chemotherapy (68% vs 64%, p = 0.22)27. The discrepancy between a clear decreased
in disease-associated death and nearly identical five-year overall survival was attributed to
an increase in non-cancer deaths among patients in the chemotherapy arm.
A similar trial, also published by Lee et al, utilized the identical chemotherapy as IG-0099,
but assessed both the therapeutic gain with concurrent and adjuvant chemotherapy and/or
accelerated RT28. Four arms were evaluated, conventional RT vs. accelerated fraction RT vs.
conventional RT with concurrent and adjuvant chemotherapy vs. accelerated fraction RT
with concurrent and adjuvant chemotherapy. After 189 patients were randomized, the study
was closed due to poor accrual. Preliminary data after a median follow-up of 2.9 years,
showed no statistically significant change in either OS or DFS at 3-years.
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In 2008, Chen et al published the results of a study of 316 patients performed between 2002
and 2005, in which subjects randomized to the chemotherapy arm received weekly cisplatin
concurrent with RT, followed by cisplatin and 5-fluorouracil every four weeks for three
cycles following completion of RT29. Preliminary analysis after two years revealed a
statistically significant difference in both overall (89.8% vs 79.7%) and disease free (84.6% vs
72.5%) survival, favoring chemotherapy, at the expense of increased toxicity in the
chemotherapy arm.
Finally, a factorial study of four different regimens was published by Kwong et al in 200430.
This study assessed the combination of RT alone vs three other schemas: RT with adjuvant
chemotherapy, concurrent chemoradiotherapy and lastly, concurrent chemoradiotherapy
followed by adjuvant chemotherapy. UFT (uracil an tegafur in a 4:1 molar ratio) was given
concurrent with RT, while the adjuvant therapy consisted of alternating cycles of
cisplatin/5-fluorouracil and vincristine/bleomycin/methotrexate.
Although a trend towards improved DFS and OS was noted with the addition of concurrent
chemotherapy, it did not reach statistical significance at 3 years. In assessing distant
metastases rates, a significant reduction was attributable to concurrent chemotherapy. In
this study, adjuvant chemotherapy did not improve outcome.

3. Chemotherapy for recurrent and metastatic disease
The management of recurrent and metastatic NPC remains challenging. Several studies
have evaluated the use of platinum drugs in combination with various other
chemotherapeutic agents including gemcitabine 31,32, bleomycin-5FU33, 5FU34, capecitabine35,
bleomycin/epirubicin/5FU36, paclitaxel37, and docetaxel38. Given the known
chemosensitivity of NPC, it is not surprising that these regimens are associated with good
overall response rates, ranging from 56% - 79%. However, the duration of response is short,
and median overall survival in these trials was on average approximately one year (range:
11 – 25 mo). Two trials of non-platinum based monotherapy (gemcitabine39 and
capecitabine40) were associated with worse overall response rates (28% and 37%,
respectively) and similar median overall survival (7.2 and 14 months, respectively). Adding
vinorelbine to gemcitabine for patients with platinum-resistant disease yielded an overall
response rate of 36% with a median overall survival of 11.9 months41. Irinotecan used as
monotherapy in heavily pretreated patients has been associated with an overall response
rate of 14% (all partial responses) and median overall survival of 11.4 months42. The poor
clinical outcomes associated with traditional chemotherapeutic agents underscores the
urgent need for new and more effective therapeutic options in the locally advanced and
metastatic setting.

4. Targeted therapy
Given the poor clinical outcomes associated with chemotherapeutics in the metastatic
setting, evaluation of targeted therapies become of utmost importance (Table 3).
Epidermal growth factor receptor (EGFR) expression in NPC has been correlated with
decreased survival, increased rates of locoregional failure, and more aggressive disease 43,44.
Drawing on those findings, Chan et al published a study in 2005 evaluating the anti-EGFR

(1)All partial responses
(2)No composite grade 3/4 toxicity data reported. Reports that 85% of patients experienced grade 3/4 leukopenia and 85% experienced
grade 3/4 mucositis.
(3)This study included both SCCHN and NPC patients. Data is presented here only for the 7 NPC patients enrolled.
(4)One of 26 evaluable SCCHN/NPC patients had a partial response. However, it is not reported whether this patient had SCCHN or NPC.
(5)Erlotinib was given as maintenance after completion of 6 cycles platinum + gemcitabine or as 2nd line therapy after progression on
chemotherapy
(6)Reports grade 3/4 toxicity as “rare”, most common was rash in (33%)
^ Abstract
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monoclonal antibody, cetuximab, in combination with carboplatin45. This multi-center phase
II trial enrolled 60 patients, all of who had evidence of disease progression within 12 months
of platinum-based chemotherapy. Notably, 93.3% of patients in this trial had stage IV
disease at the time of enrollment, and 85% had distant metastases. The treatment protocol
consisted of carboplatin infused every three weeks for a maximum of eight cycles, along
with cetuximab 400mg/m2 followed by 250mg/m2 weekly. The median number of
cetuximab infusions completed was 10, with a range of 1-30. Only 53.3% of the patients
received at least 3 carboplatin infusions. Of patients enrolled, 11.7% had a partial response
to therapy; no complete responses were observed in this study and 48.3% of patients had
stable disease. Median time to progression was 81 days, and median overall survival was
233 days. Grade 3 or 4 toxicity was observed in 51.7% of patients, 31.7% of whom had
toxicity that was attributed to cetuximab. A subsequent trial of cetuximab in combination
with cisplatin-IMRT was reported in abstract form by Ma et al in 200846. The 20 patients in
this trial differed from those in Chan et al in that all subjects had untreated, non-metastatic
disease. The cetuximab dosing was the same (400mg/m2 initially, followed by 250mg/m2
weekly). Cisplatin was administered at 30mg/m2 weekly, along with weekly IMRT. Ninety
percent of patients received at least 5 doses of cetuximab, and 80% received at least 5
cisplatin infusions. Preliminary analysis at 3 months revealed promising results: of 12
patients evaluable for response, 10 had a complete response and the remaining two had
stable disease.
Two studies have evaluated the use of the small molecule EGFR tyrosine kinase inhibitor,
gefitinib, as monotherapy in advanced platinum-resistant NPC. In 2008 Chua et al reported
a single-center phase II study of 19 patients with relapsed or progressive despite at least two
prior chemotherapy regimens (one of which included a platinum drug)47. In contrast to the
previously mentioned trials, this study protocol assessed response to anti-EGFR therapy
alone without any concurrent chemotherapeutic agent. Patients in the study received
gefitinib 250mg daily until disease progression, unacceptable toxcitiy, or patient refusal.
Median treatment duration was 10 weeks; 63% of patients were taken off study due to
disease progression, and the remaining patients expressed a preference not to continue
treatment. The regimen was well tolerated, with no grade 3 or 4 toxicity reported.
Unfortunately, no patients in this study achieved either partial or complete response.
Similar disappointing results were reported by Ma et al in 200848. In that trial, 16 patients
with progressive disease after prior platinum-based therapy were treated with oral gefitinib
500 mg/day. Three patients achieved stable disease (range: 2.8 – 8.5 months), and the drug
was generally well tolerated. However, consistent with the results reported by Chua et al,
no patient achieved a partial or complete response. In 2009, You et al presented data in
abstract form reporting their study of the EGFR tyrosine kinase inhibitor, erlotinib49. In that
small trial of 20 patients, subjects were first treated with up to 6 cycles of gemcitabine + a
platinum agent (either cisplatin or carboplatin), followed by erlotinib 150 mg/day as
maintenance (if stable disease) or 2nd line therapy (if progressive disease prior to 6
chemotherapy cycles). Of the 11 patients evaluable for response to erlotinib, three had stable
disease that was maintained for 3, 4, and 7 months.
Sorafenib, a multi-kinase inhibitor with activity against VEGFR-2, VEGFR-3, PDGFR, FLT-3,
c-kit, and the Raf isoforms c-Raf and b-Raf, was evaluated in a 2007 study published by
Elser et al.50 Of particular theoretical interest is the anti-angiogenesis activity of sorafenib
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mediated by its activity against the vascular endothelium growth factor receptor (VEGFR),
given the known VEGF overexpression in NPC51-53. Notably, this study was not limited to
NPC and also enrolled patients with SCCHN; of 27 patients enrolled, only 7 had NPC.
Patients received sorafenib 400 mg twice daily as monotherapy, and therapy was generally
well tolerated with few grade 3 or 4 toxicities. Although the reported response data for the
entire patient cohort was promising (9 of 26 evaluable patients had stable disease, and one
had a partial response), response data specific to the NPC subgroup was not separately
reported. Median time to progression for the 7 patients with NPC was 3.2 months, and
median overall survival was 7.7 months.
In addition to monoclonal antibody and small molecule targeted therapy, immunotherapy
may play a role in the future management of NPC. This approach has great theoretical
appeal in NPC, given the strong association with Epstein-Barr virus (EBV). NPC cells
express two distinct EBV latent membrane proteins, LMP-1 and LMP-2, and these proteins
represent targets for adoptive immunotherapy54. In a phase I study published by Straathof
et al in 2005, 10 patients with advanced NPC were treated with EBV-specific cytotoxic T
lymphocytes (CTL)55. Four patients were in remission at the time of enrollment, and all
remained disease-free 19–27 months after infusion. Of the remaining 6 patients, all with
relapsed or refractory disease, 2 had complete responses, 1 had a partial response, 1 had
stable disease and 2 had no response. CTL was well tolerated in this study. Follow up data
from the same group was published in 2010, and this again demonstrated clinical benefit
following CTL infusion56. Of 23 patients in this study (all with a history of
relapsed/refractory NPC), 8 were in remission and 15 were not. Of the 8 patients in
remission, 5 remained disease free at the time of publication (range: 17-75 months postinfusion). Furthermore, CTL infusion was associated with a 48.7% overall response rate in
patients with active disease, though for the subset of patients with metastatic disease the
overall response rate was only 10%.

5. Conclusion
In summary, the anti-EGFR monoclonal antibody, cetuximab, has been associated with a
small but significant overall response in patients with recurrent/metastatic disease who
progressed despite platinum-based therapy. Furthermore, nearly half of the patients in that
study achieved stable disease. Preliminary data in the locally advanced setting are more
promising, with one small trial reporting an 83% overall response. In both of these trials,
cetuximab was given in combination with platinum-based chemotherapy. Treatment with
small molecule inhibitors has been less successful: two studies of the tyrosine kinase
inhibitor, gefitinib, have shown no benefit. Inhibitors of angiogenesis are theoretically
attractive subjects of investigation given the documented VEGF overexpression in NPC, and
these agents warrant further investigation. Finally, the clear association between NPC and
EBV represents a disease-specific biologic property that may be exploited via
immunotherapy, and early work with EBV-specific cytotoxic T lymphocytes has produced
promising results.
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1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer
worldwide. The majority of cases present with locally advanced, non-metastatic HNSCC for
which the survival rates are approximately 50% at 5 years. Primary surgery followed by
chemoradiotherapy (CRT) or definitive platinum-containing CRT are the standard
therapeutic approaches utilized in locally advanced HNSCC. In the updated MACH-NC
meta-analysis, CRT resulted in an absolute 8% improvement in overall survival (OS) at 5
years (Pignon et al., 2007; Pignon et al., 2009). However, despite incremental therapeutic
advances, the problems of locoregional recurrences, distant metastases, organ preservation,
and toxicity amelioration remain a significant challenge.
Several molecular pathways are deregulated and activated in HNSCC making it attractive
area for the evaluation of the recently available and in-development molecular targeted
therapies. Among the pathways implicated in the development of HNSCC are the
epidermal growth factor receptor (EGFR) pathway and the vascular endothelial growth
factor (VEGF) receptor pathway. In this chapter we will review the current data with
completed and ongoing trials with molecular targeted therapies in the management of
locally advanced HNSCC.

2. Epidermal growth factor receptor inhibitors
EGFR is a member of the human epidermal growth factor receptor family of receptor
tyrosine kinases that is overexpressed in most HNSCC cases. Signal activation with natural
ligand fixation to EGFR leads to receptor homodimerization or heterodimerization with
other HER receptors occurs which in turn leads to the activation of downstream signaling
molecular pathways. These pathways, including the Ras/Raf/Mek/Erk and the
phosphatidylinositol-3-kinase/protein kinase B (PI3K/AKT) pathways, are involved in
tumor proliferation, apoptosis, angiogenesis, and cell migration/invasion. Increased EGFR
expression as well as a high EGFR gene copy number are associated with worsened survival
outcomes (Grandis et al., 1998; Ang et al., 2002). EGFR inhibition is a promising strategy in
HNSCC since it results in inhibition of tumor cell proliferation, potentiation of apoptotsis
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and antiangiogenic effects (Ciardiello, 2005; Hirata et al., 2002). Currently available antiEGFR therapeutic agents can be classified into monoclonal antibodies (mAbs) and tyrosine
kinase inhibitors (TKIs).
2.1 Monoclonal antibodies against EGFR
Monoclonal antibodies directed against EGFR inhibit activation of distinct EGFR signaling
pathways and inhibit tumor growth through cell cycle arrest, pro-apoptotic effect, and
inhibition of angiogenesis, invasion and metastasis, and possibly immune mechanisms
(Baselga et al., 2000; Mendelsohn & Baselga, 2003). Moreover, anti-EGFR antibodies can
augment the antitumor activity of RT and chemotherapy (Huan & Harari, 2000; Milas et al.,
2004; Baselga et al., 1993; Fan et al., 1993).
Characteristic
Ig subclass
Type
Status

Cetuximab
IgG1
Chimeric
Phase III

Nimotuzumab
IgG1
Humanized
Phase III

Zalutumab
IgG1
Fully human
Phase III

Panitumumab
IgG2
Fully human
Phase III

Table 1. Current EGFR antibodies in evaluation in head and neck cancers
2.1.1 Cetuximab
Cetuximab is a chimeric human-murine monoclonal antibody that binds competitively to
the EGFR with a higher affinity than its endogenous ligands. It has been studied extensively
in HNSCC in several phase II and III studies and was approved by the FDA, in combination
with RT for the treatment of patients with locally advanced head and neck cancer.
2.1.1.1 Cetuximab and radiotherapy alone
Bonner et al have published updated 5-year survival results of their pivotal phase III study
which compared RT alone (n = 213 patients) with cetuximab plus RT (n = 211 patient) in
patients locally advanced HNSCC of the oropharynx, hypopharynx, or larynx (Bonner et al.,
2010). Patients were stratified by their Karnofsky performance score (60-80 versus 90-100),
Tumor stage (T1-3 versus T4), N stage (N0 versus N1-3), and radiotherapy fractionation. The
primary endpoint of the trial was duration of locoregional control and the secondary
endpoints were quality of life and overall survival.
The updated median OS for patients treated with cetuximab and radiotherapy was 49
months versus 29.3 months in the RT alone group (p= 0.018). The 5-year OS rates for the
cetuximab-RT and RT-alone groups were 45.6 months and 36.4 mmonths, respectively.
Patients treated with cetuximab had a 26% reduction in the risk of death (hazard ratio [HR],
0.74%; 95% confidence interval [CI], 0.57-0.97) and a 9% absolute benefit in OS rate at 5
years. Though locoregional disease control was positively impacted with the addition of
cetuximab (HR, 0.68; p = 0.005) there was no such impact upon distant disease control. In
subgroup analysis, median OS values for patient receiving cetuximab-RT versus RT alone
were statistically significantly different for primary tumor T1-T3 stage (69.5 months versus
41.4 months), N1-3 neck nodes (53 versus 26.9 months), stage II-III patients (69.5 months
versus 46.9 months), and stage IV patients (43.2 months versus 24.2 months).
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A forest plot analysis was done to assess whether certain patient groups benefitted with the
addition of cetuximab to RT. In this analysis, factors which were associated with a potential
increased benefit included presence of oropharyngeal tumors, concomitant boost RT, early T
stage (T1-T3), high Karnofsky performance score (90%-100%), male sex, and age < 65 years.
These results are provocative but given that the trial was not powered for this subgroup
analysis, they should be interpreted with caution.
Patients who received cetuximab commonly developed an acneiform rash (83.7%); the
severity of the rash was grade 3-4 in 16.8% patients. Infusion-related reactions were also
seen in 15.4% patients; in 3.9% patients these were of grade 3/4 severity. However, in-field
toxicities, such as mucositis, dermatitis, and dysphagia did not significantly increase with
the addition of cetuximab to RT. Quality-of-life parameters were not adversely affected by
the addition of cetuximab. This study allowed different RT fractionation regimens which
may have impacted results and survival outcomes.
Based on the results of this study, the combination of cetuximab with RT is considered an
alternative to platinum-based CRT for the treatment of locally advanced HNSCC and has
been included in the National Comprehensive Cancer Network (NCCN) guidelines as an
option for the treatment of locoregionally advanced HNSCC since 2007.
2.1.1.2 Cetuximab and chemoradiotherapy
The favorable results with the use of cetuximab plus RT have led to the adoption of this
regimen in locally advanced HNSCC. A natural progression has been the evaluation of
integration of cetuximab into existing chemoradiotherapy, typically involving platinumbased regimens. Several phase II studies from various groups have been conducted. Larger
randomized trials have been launched and more recently the preliminary results of a
randomized study evaluating the combination of cisplatin, cetuximab, and RT in this setting
have been presented.
Multiple phase II studies have investigated the integration of cetuximab with standard
platinum-based CRT regimens. A pilot study from the Memorial Sloan Kettering group
evaluated 22 patients treated with accelerated fractionation by concomitant boost RT and
cisplatin (100 mg/m2 on weeks 1 and 4) plus weekly cetuximab (Pfister et al., 2006). In this
study, acute toxicities were typical of cisplatin-RT and cetuximab was related to grade 3/4
acneiform rash (10%) and infusion reactions (5%). However, the trial was closed
prematurely due to significant adverse events including 2 deaths (one due pneumonia, one
unknown cause), one myocardial infacrction, one bacteremia, and one atrial fibrillation. The
3-year PFS and OS rates were 76% and 56%, respectively.
In other studies, the combination of cisplatin and cetuximab concurrently with standard RT
has not shown such an adverse event profile. This combination was evaluated in a phase II
study by the Eastern Cooperative Oncology Group (ECOG) in patients with unresectable
locally advanced HNSCC (E3303) (Langer et al., 2008). Cisplatin (75 mg/m2 every 3 weeks
for 3 doses) was combined with weekly cetuximab followed by maintenance cetuximab for 6
months in responding patients with tolerable toxicity. Of 61 patients actually treated on
study, the overall response rate was 48% with stable disease in 31% patients. The major
grade 3/4 toxicities included neutropenia (26%), rash (28%), dermatitis (15%), mucositis
(55%) and one death (neutropenic fever). The CR rate was 36.7% and maintenance
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cetuximab could be given in 74.6% patients. The 2-year PFS was 44% and the median PFS
was 17.4 months. The 2-year OS was 66% with a median OS of 34.2 months. The patterns of
relapse included distant (54.2%), regional (16.6%), both distant and regional (8.3%), local
and regional (8.3%) and local only in 1 patient (4.2%).
In a randomized phase II study from the Radiation Therapy Oncology Group, 238 high-risk
patients with resected HNSCC were randomized to receive weekly cetuximab with either
weekly cisplatin 30 mg/m2 or weekly docetaxel 15 mg/m2 with 60 Gy RT over a 6-week
period (RTOG 0234) (Kies et al., 2009). Patients were considered high-risk based on positive
margins, > 2 involved lymph nodes or extracapsular nodal spread. Data were available on
203 patients, 97 in the cisplatin arm and 106 in the docetaxel arm. Major grade 3/4 toxicities
in the cispaltin and docetaxel arms included neutropenia (28% and 14%), mucositis (37%
and 33%) and dermatitis (33% each) in the cisplatin and docetaxel groups, respectively. The
2-year OS in the cisplatin and docetaxel arms were 69% and 79%, respectively. Likewise, the
2-year DFS in the cisplatin and docetaxel arms were 57% and 66%, respectively. The 2-years
distant metastasis rates with docetaxel and cisplatin were 26% and 13%, respectively and
this in turn was most likely responsible for the improvement in DFS in the docetaxel arm.
In an Italian study, Merlano et al have evaluated the combination of 3 cycles of every 3weeks cisplatin (20 mg/m2/day X 5 days) and 5-fluorouracil (200 mgm2/day X 5 days)
with weekly cetuximab and rapidly alternated to 3 split courses of RT (70 Gy) (Merlano et
al., 2011). In 45 patients treated, the overall RR was 91% with a CR rate of 71%. Major grade
3/4 toxicities included stomatitis (65%), neutropenia (40%), thrombocytopenia (15%), and
grade 3 radiodermatitis (74%) with 3 patients dying during therapy. The median PFS and
OS were reported at 21+ months and 32.6+ months, respectively.
The combination of amifostine, cetuximab, weekly cisplatin (30 mg/m2) along with
conformal/hypofractionated RT (2.7 Gy/fraction, total 21 fractions in 4 weeks) was
evaluated in a Greek study by Koukourakis et al. (Koukourakis et al., 2010). In this study, 43
patients were treated with the dosing of amifostine individualized according to tolerance.
High dose and standard dose amifostine were tolerated by 41.8% and 34.9% patients,
respectively and high dose amifostine was linked to reduced RT delays. Grade 3/4
mucositis occurred in 16.2% patients, fungal infections occurred in 41.8% patients, and
cetuximab interruptions due to acneiform rash were necessary in 23.3% of patients. The
complete response rate was 68.5% and the 2-year local control and survival rates were 72.3%
and 91% respectively.
Suntharalingam et al from the University of Maryland group evaluated cetuximab with
weekly carboplatin (AUC 2), paclitaxel (40 mg/m2) and 70.2 Gy RT in 43 patients with
unresectable disease (Suntharalingham et al., 2011). The planned cetuximab and
chemotherapy cycles were completed in 70% and 56% patients, respectively. Major
toxicities included grade 3 mucositis (79%), dysphagia (21%), radiodermatitis (16%), rash
(9%), and grade 3/4 neutropenia (21%). The CR rate was 84% at end of therapy and the
estimated 3-year locoregional control rate was 72%. Local and distant recurrences were
seen in 6 and 10 patients, respectively. The 3-year actuarial OS and DFS rates were 59%
and 58%, respectively.
Birnbaum et al from the Brown University Oncology Group have evaluated a short 4-week
cetuximab “induction” period followed by cetuximab with weekly carboplatin (AUC 1),
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paclitaxel (40 mg/m2) and concurrent RT to 66-72 Gy in 32 patients (Birnbaum et al., 2010).
Patients were stratified by operable or inoperable disease. Patients with potentially
resectable disease underwent interim tumor biopsy after 5 weeks CRT; positive biopsy
patients underwent salvage surgery and the others completed CRT. Grade 3/4
radiodermatitis occurred in 53% patients which was increased compared to the prior
experience with the chemotherapy regimen alone by these investigators. With a minimum
follow-up of 3 years, the updated analysis shows the PFS and OS to be 53% and 59%,
respectively. The rates of local, distant and combined recurrences were 22%, 15%, and 7%,
respectively. The investigators detected no improvement in local control or distant
metastasis free survival compared to their prior results with chemotherapy-RT alone.
Kao et al have evaluated the addition of cetuximab to the well-described non-platinum FHX
regimen consisting of 5-fluorouracil, hydroxyurea, and hyperfractionated intensity
modulated radiotherapy in 33 patients with locally advanced HNSCC (Kao et al., 2011).
Prior organ-conserving surgery was allowed. RT was administered in 1.5 Gy fractions twice
daily during weeks 1, 3, 5, and 7 to a median dose of 72 Gy. Grade 3 toxicity consisted of
mucositis (33%), radiodermatitis (15%),neutropenia (12%) and thrombocytopenia (3%). The
2-year rates of locoregional control, DFS, and OS were 83%, 69%, and 86%, respectively.
There were no grade 4 events and 64% patients completed treatment without requiring a
feeding tube.
A large randomized phase III study was completed by the RTOG that compared accelerated
fractionation RT by concomitant boost and cisplatin with or without cetuximab in patients
with previously untreated, locally advanced HNSCC (Ang et al., 2011). A total of 940
patients with stage III-IV oropharynx, hypopharynx, and larynx cancers with Zubrod
performance scores 0-1 were randomized to one either the experimental arm of cisplatin
(100 mg/m2 every 3 weeks x 2 doses), weekly cetuximab and RT (42 fractions, total dose 7072 Gy) over 6 weeks or the same regimen without cetuximab. Of 895 evaluable patients, 497
patients were randomized to the experimental arm and 448 patients to the standard arm.
The primary tumor sites were oropharynx (70%) and larynx (23%). Among the experimental
and standard arms, the distribution of stage IV disease (85% vs. 87%), T3-4 stage (60% vs.
62%) and node-positive disease (88% vs. 90%) were fairly well balanced.
The primary endpoint of this study was PFS and the secondary endpoints were OS, toxicity
and early mortality. Interim analyses were planned at 108, 217, and 325 events and a
planned subgroup analysis for interaction of p16 status with treatment outcomes was
conducted. With a target accrual of 940 patients, the study was powered at 84% to detect a
HR of 0.75. The trial was ended early after the third interim analysis showed that it was
unlikely to meet its primary endpoint.
The cetuximab-containing arm had higher rates of grade 3/4 mucositis (43% versus 33%,
p=0.003), in-field skin toxicity (25% versus 15%, p<0.001), out-of-field skin reactions (19%
versus 1%, p < 0.001) but grade 3/4 dysphagia rates were similar (62% versus 66%, p=0.27).
The rates of 30-day mortality were similar (2% versus 1.8%) as were the total grade 3-5
adverse event rates (92% versus 90%).
With a median follow-up of 2.4 years for surviving patients, there were no significant
differences in 2-year PFS rates (63.4% versus 64.3%) or OS (82.6% versus 79.7%). The risk of
distant metastases was numerically reduced in the experimental arm by 26% (HR 0.74,
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p = 0.7) while the risk of locoregional progression was numerically higher in the cetuximab
arm (HR 1.21, p=0.92). In a planned subgroup analysis, 321 of 628 patients with oropharynx
cancer were evaluated for HPV p16 status. The p16 positivity rate was 73% (235 patients)
and both PFS and OS did not differ according to the PFS status.
Treatment
Regimen

Patients (n)

Responses

Toxicity

CETUXIMAB AND CRT ALONE
RR: 94%
Major grade 3/4
3-year PFS and cetuximabOS: 56% and
related toxicities
76%
were rash (10%)
and
hypersensitivity
(5%); study
closed due to
significant
adverse events.
CRT: cisplatin,
61(unresectable) RR: 48%2-year Major grade 3/4
cetuximab and RT
PFS and OS:
toxicities were
Maintenance:
44% and 66%
neutropenia
cetuximab x 6
(26%), rash (28%),
dermatitis (15%),
months (E3303)
mucositis (55%);
one patient death
CRT:cetuximab, 203
2-year DFS: 57% Major grade 3/4
RT, plus weekly (postoperative) (cisplatin) and toxicities were:
cisplatin or
66% (docetaxel) radiodermatitis
weekly docetaxel
(39% each) and
(RTOG 0234)
mucositis (37%
vs. 33%)
CRT: cisplatin & 45(unresectable) RR: 91
Major grade 3/4
5-FU x 3 cycles,
CR: 71%%
toxicities were
weekly cetuximab
PFS: 21+ mths neutropenia
and split-course
OS: 32.6+ mths (40%), stomatitis
RT
(65%)and
radiodermatitis
(73%); 3 patient
deaths
CRT:amifostine, 43
CR: 68.5%
Major grade 3/4
cetuximab,
2-year OS: 91% toxicities were
weekly cisplatin,
mucositis (16%),
and RT
fungal infections
(42%); cervical
strictures in
(33%)
CRT: cisplatin (2 22
cycles), cetuximab
and RT over 6
weeks

Reference
Pfister et al, 2006

Langer et al, 2008

Kies et al, 2009

Merlano et al,
2011

Koukourakis et
al, 2010
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Toxicity

CETUXIMAB AND CRT ALONE
CRT: weekly
43 (unresectable) CR: 84%
Major toxicities
carboplatin,
3-year OS and were grade 3
paclitaxel, RT and
DFS: 59% and mucositis (79%),
cetuximab
58%
dysphagia (21%),
radiodermatitis
(16%), rash (9%),
and grade 3/4
neutropenia
(21%)
CRT: cetuximab, 32
3-year OS and Major grade 3/4
5-FU,
PFS: 54% and
toxicities were
hydroxyurea,
53%
mucositis (69%);
hypefractionated
radiodermatitis
RT
(53%), acneiform
rash (9%)
CRT: weekly
33
2-year DFS and Major grade 3
carboplatin,
OS: 69% and
toxicities were
paclitaxel, RT and
86%
mucositis (33%),
cetuximab
radiodermatitis
(15%), and
neutropenia
(12%)

Reference
Suntharalingam
et al, 2011

Birnbaum et al,
2010

Kao et al, 2011

CRT: chemoradiotherapy; RT: radiotherapy; RR: response rate; CR; complete response; PFS: progression
free survival; DFS: disease free survival; OS: overall survival

Table 2. Selected Trials Incorporating Cetuximab with Chemotherapy and Radiotherapy
2.1.1.3 Induction chemotherapy prior to cetuximab and radiotherapy
A French randomized phase II study (TREMPLIN) evaluated IC with 3 cycles of the TPF
regimen followed by either every 3-week 100 mg/m2 cisplatin with RT (arm A) or
cetuximab with RT (arm B) in patients with laryngeal or hypopharyngeal cancer. (Lefebvre
et al., 2011) Patients with a less than 50% response to IC underwent salvage surgery while
responding patients were randomized to either of the 2 combined modality regimens. The
primary end point was laryngeal preservation. Of 153 enrolled patients, 116 patients could
be randomized, 60 to arm A and 56 to arm B. There was no difference between cisplatin-RT
and cetuximab-RT in terms of 3-month or 18-month larynx function preservation. At 32
months mean follow-up, there were more local failures in the cetuximab-RT arm (12 versus
5); however, 7 patients could be effectively salvaged in the cetuximab arm leading to
equivalent ultimate local failure rates. The rates for OS for arm A and arm B were 85% and
85%; respectively. The cetuximab-RT arm was better tolerated leading to improved
treatment delivery (71% versus 43%).
A Swedish phase II has evaluated has similarly evaluated 2 cycles of IC with TPF
chemotherapy followed by cetuximab-RT in patients with locally advanced unresectable
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HNSCC (Mercke et al., 2011). Among 90 patients enrolled upon this study, the 1-year DFS
rate was 86%. This approach was associated with mostly acute toxicities but there were few
long-term toxicities.
2.1.1.4 Cetuximab as part of Induction Chemotherapy (IC) regimens
In recurrent or metastatic HNSCC, cetuximab can augment the efficacy of chemotherapy. In
a randomized study, 442 patients with recurrent or metastatic HNSCC were randomly
assigned to therapy with platinum- containing doublet chemotherapy with or without
cetuximab (Vermorken et al., 2008). The addition of cetuximab improved response rates by
16% and the median overall survival by 2.7 months, with a reduction in the risk of death of
20% (HR, 0.80); (p = 0.04). Consequently, cetuximab has been evaluated as part of induction
therapy in a number of CRT trials in HNSCC.
The University of Pittsburgh group has published results evaluating IC consisting of
docetaxel, cisplatin, and cetuximab (TPE) followed by RT, cisplatin, and cetuximab (XPE)
which was followed by maintenance cetuximab for 6 months in 39 patients (Argiris et al.,
2010). Among 37 evaluable patients, the overall objective response was 86% after IC and
100% after CRT. Using positron emission tomography scanning, the primary site complete
response rates after IC and CRT were 59% and 77%, respectively. With a median follow-up
of 36 months, the 3-year PFS and OS were 70% and 74%; respectively. Relapses were seen in
locoregional sites (8 patients), distant (3 patients) or both (1 patient). Significant grade 3/4
hematologic toxicity was common during TPE, including neutropenia in 77% and febrile
neutropenia in10%. Human paplilloma virus (HPV) positivity was not associated with
treatment efficacy. This regimen was deemed was highly effective with promising long-term
survival and was recommended for further testing in larger trials.
In a multicenter phase II study, the Eastern Cooperative Oncology Group (ECOG)
evaluated a short 6-week IC regimen with weekly carboplatin, paclitaxel, and cetuximab
(E2303) in operable locally advanced HNSCC (Wanebo et al., 2010). Induction was
followed by CRT consisting of weekly doses of same agents. Primary site biopsies were
done after completion of IC if if there was a clinical response. After the first 5 weeks of
CRT (50 Gy), repeat primary site biopsy was done in all patients. At this point, biopsynegative patients continued to receive CRT to a final dose of 68-72 Gy, whereas patients
with biopsy-positive results underwent salvage surgery. Maintenance cetuximab was then
administered to all patients for 6 months. Seventy patients underwent IC, 68 patients
underwent CRT; 63 patients are available for analysis. Of 41 patients undergoing biopsy
after IC, the pathologic complete response rate was 59%. After 5 weeks CRT, 60 patients
underwent re-biopsies among whom the pathologic complete response rates were 95%. Of
the 63 patients eligible for analysis, the pathologic complete response rate was 91%. Local,
regional, and distant recurrence rates were 11%, 8% and 8%, respectively. At 2 years,
primary site disease control was 83%, PFS was 66% and OS was 82%. HPV status did not
correlate with responses or survival (Psyrri et al., 2011). These preliminary findings
suggest that this approach produces high primary site pathologic complete response rates
and survival rates. This approach of selective organ preservation has been previously
tested by the authors using a similar regimen without cetuximab but is not standard
practice (Ready et al., 2011; Wanebo et al., 2010).
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Treatment
Regimen
IC: docetaxel,
cisplatin, and
cetuximab x 3
cycles CRT:
cisplatin,
cetuximab and RT
Maintenance: 6
mths cetuximab
IC: paclitaxel,
carboplatin , and
cetuximab x 6
weeks
CRT: paclitaxel,
carboplatin,
cetuximab and RT
Maintenance: 6
mths cetuximab
(E2303)
IC: paclitaxel,
carboplatin , and
cetuximab x 6
weeks
Follow-up therapy:
surgery, RT or CRT
IC: docetaxel,
cisplatin, 5-FU and
cetuximab x 4
cycles
CRT: cetuximab,
RT
IC: carboplatin,
paclitaxel,
cetuximab x 2
cycles
CRT: either RT
plus CetuxFHX
(cetuximab, 5-FU,
hydroxyurea) OR
CetuxPX
(cetuximab,
cisplatin)

Patients (n)

Responses

39 (resectable RR: 86% after IC
patients= 33) and 100% after
CRT
CR: 5% after IC
and 24% after
CRT
3-year PFS and
OS: 70% and
74%
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Toxicity

Reference

During IC: major grade
3/4 toxicities were
neutropenia 77%, febrile
neutropenia 10% During
CRT: major grade 3/4
toxicities were mucositis
54%, dermatitis 27%,
neutropenia 36%,
thrombocytopenia 12%,
febrile neutropenia 6%
During CRT: major
grade 3/4 toxicities
were mucositis (32%) ,
neutropenia (31%), rash
(9%), radiation
dermatitis (13%); one
patient death

Argiris et
al, 2010

70 (operable
patients)

Pathologic CR:
63% after IC
and 97% after
CRT
2-year DFS and
OS: 62% and
82%

47
(resectable)

RR: 96% after IC
CR: 19% after IC
3-year DFS and
OS: 87% and
91%

During IC: grade 3 rash
(45%), grade 3/4
neutropenia (21%), no
deaths during IC

Kies et al,
2010

50
RR: 78% after IC
(unresectable CR: 24% after IC
2-year DFS and
patients)
OS: 42% and
60%

During IC: febrile
neutropenia (26%); 2
deaths
During CRT: grade 3/4
toxicities mucositis
(56%), dermatitis (10%)
During IC: major grade
3/4 toxicities were rash
(16%) and neutropenia
(36%)
During CRT: major
grade 3/4 toxicities in
CetuxFHX were
mucositis (91%),
dermatitis (82%) and in
Cetux PX were
mucositis (94%) and
dermatitis (50%)

Mesia et
al, 2010

110

RR: 91.8% after
IC
2-year OS:
89.5% with
CetuxFHX and
91.4% with
CetuxPX

Wanebo
et al, 2010

Seiwert et
al, 2011
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Regimen
IC: docetaxel,
cisplatin, 5-FU
(TPF)
CRT: cisplatin plus
RT versus
cetuximab plus RT
(TREMPLIN)
IC: docetaxel,
cisplatin, 5-FU
(TPF) CRT:
cetuximab, RT
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Patients (n)

Responses

Toxicity

Reference

153
OS: 85% in both More treatment delivery Lefebvre
(resectable;
arms at 32 mths in cetuximab arm (71%) et al, 2011
vs cisplatin arm (43%)
116 went on
to CRT arms)

90
RR: 58% after IC Grade 3 radiodermatitis
4%, cetuximab delays
(unresectable) DFS: 86% at 1year
20%, mostly acute
toxicities

Mercke et
al, 2011

IC: induction chemotherapy; CRT: chemoradiotherapy; RT: radiotherapy; RR: response rate; CR;
complete response; PFS: progression free survival; DFS: disease free survival; OS: overall survival
Table 3. Selected Trials of Induction Chemotherapy Regimens incorporating Cetuximab.
The MD Anderson Cancer Center group has published results of their phase II study of
dose-dense weekly IC regimen consisting of paclitaxel, carboplatin, and cetuximab for 6
weeks along with G-CSF. IC was followed by locoregional therapy with either surgery, RT
alone, or cisplatin-RT. This regimen was highly active with a CR and OR rate of 19% and
96%, respectively. Six patients had relapses; locoregional in 4 patients, distant in 1 patient
and both in 1 patient. The 3-year PFS and OS rates were 87% and 91%, respectively; HPV
status was found to correlate with both PFS and OS (Kies et al., 2010).
The combination of docetaxel, cisplatin, 5-Fluorouracil plus cetuximab (TPF-C) as IC has
been investigated in a Spanish multicenter phase II study (Mesia et al., 2009). Fifty
patients with unresectable HNSCC were treated with 4 cycles of TPF-C chemotherapy
along with G-CSF and antibiotic prophylaxis, followed by accelerated boost RT with
concurrent cetuximab alone. The ORR after IC and end of CRT were 78% and 72%,
respectively (intent-to-treat population) with only 86% patients starting CRT.
Locoregional disease control at 1-year was 44%. With a median follow-up of 19 months,
actuarial disease free survival and overall survival at 2 years were 42% and 60%,
respectively.
Another approach as practiced by the University of Chicago group, has been to evaluate IC
containing cetuximab, carboplatin, paclitaxel for 2 cycles followed by randomization to one
of 2 CRT approaches: concurrent cetuximab, 5-fluorouracil, hydroxyurea and
hyperfractionated RT (CetuxFHX) or cetuximab, cisplatin, and accelerated RT with
concomitant boost (CetuxPX) (Seiwert et al., 2011). In the preliminary report, 110 patients
had a overall response rate of 91.8% with IC. After end of all treatment, the 2-year OS in the
CetuxFHX and CetuxPX arms was 89.5% and 91.4%, respectively. The 2-year PFS for
CetuxFHX and CetuxPX was 82.3% and 89.7%, respectively. Even though the trial was
marked by high rates of severe rash, dermatitis, mucositis, and neutropenia 95% of patients
were able to complete all therapy. Survival outcomes between the two CRT arms were not
significantly different.
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2.1.2 Panitumumab
Panitumumab is a fully human IgG2 antibody that binds with high affinity to the EGFR and
is approved in the setting of recurrent colorectal cancer. Panitumumab has been evaluated
in preclinical studies for HNSCC (Lopez-Albaitero & Ferris, 2007; Kruser et al., 2008) which
showed a favorable interaction between panitumumab and RT.
Wirth et al have conducted a phase I study of panitumumab in combination with CRT for
which the preliminary results have been presented (Wirth et al., 2008). In this study, 19
patients with locally advanced HNSCC received IMRT (70 Gy) with concurrent weekly
dosing of carboplatin (AUC 1.5) plus panitumumab (2.5 mg/kg) plus paclitaxel (2 dose
levels, 15 and 30 mg/m2) over a 7-week period. At the higher paclitaxel dose level 1 patient
developed febrile neutropenia which was considered a dose limiting event. Major toxicities
included grade 3 dysphagia (95%), grade 3 radiodermatitis (42%), and grade 3/4 mucositis
(89%). Among evaluable patients, the primary site CR rate was 87%.
Panitumumab is being evaluated in the postoperative setting in resected locally advanced
HNSCC with high-risk features (extracapsular nodal spread, > 2 nodes involved, perineural
or angiolymphatic invasion, or < 1mm margins) (Ferris et al., 2010). The treatment consisted
of RT (60-66 Gy) over 6-7 weeks concurrent with weekly panitumumab (2.5 mg/kg) and
cisplatin (30 mg/m2). The planned accrual is 47 patients and final results of this study are
awaited. Other trials with panitumumab in combination with CRT are currently ongoing.
2.1.3 Nimotuzumab
Nimotuzumab is a humanized IgG1 monoclonal antibody against EGFR developed in Cuba.
This was originally a mouse IgG2a antibody (R3) which was humanized and the resulting
antibody (h-R3) inhibits EGFR by binding to domain III of the extracellular domain.
Nimotuzumab partially blocks the EGF binding site as well as stabilizes a receptor-protein
configuration that is unfavorable for dimer formation. In pre-clinical evaluation,
nimotuzumab reduced tumor proliferation, increased apoptosis, and had a lower binding
affinity to EGFR than cetuximab.
2.1.3.1 Nimotuzumab and radiotherapy alone
Several early studies have been conducted with nimotuzumab as a single agent in combination
with RT alone in locally advanced HNSCC. It is well tolerated as a single agent at weekly
doses up to 400 mg and is associated with a very low incidence of rash (Boku et al., 2009).
In a phase I/II trial conducted in Cuba, Crombet et al enrolled 24 patients with unresectable
HNSCC who received 6 weekly infusions of nimotuzumab administered concurrently with
RT to a total dose of 60-66 Gy (Crombet et al., 2004). Initially, nimotuzumab doses were
escalated from 50 mg to 400 mg weekly and the last 10 patients were treated at 200 mg or
400 mg weekly only. This combination was well tolerated without the development of skin
toxicities while common adverse events were infusion reactions, grade 3 radiodermatitis
(12.5%), grade 3 mucositis (20.8%), and grade 3 dysphagia (12.5%). The overall RR was
87.5% among 16 evaluable patients responded and the CR rate was 56%. The OS appeared
to correlate with the administered dose level, with the 3-year survival rate ranging from
16.7% for the 2 lower doses to 66.7% for the 2 higher doses. Based on serum levels, the
nimotuzumab dose of 200 mg/week was selected for further clinical testing.
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In a follow-up study by the same group, Rodriguez et al performed a randomized phase II
study in which they evaluated the combination of 6 weekly doses of nimotuzumab and RT
(60-66 Gy) to patients treated with placebo plus RT in locally advanced unresectable
HNSCC (Rodriguez et al., 2010). A total of 106 patients were enrolled; 54 on the
nimotuzumab arm and 51 in the standard arm. Grade 1/2 events attributable to
nimotuzumab included asthenia (14.6%), fever (9.8%), headache (9.8%), chills (7.8%), and
anorexia (7.8%). Consistent with other reports, no acneiform skin rash was observed,
differentiating nimotuzumab from other anti-EGFR antibodies. There was no significant
exacerbation of adverse events with the addition of nimotuzumab to RT. Among 75 patients
evaluable for response, the CR rates for the nimotuzumab and placebo groups were 59.5%
and 34.2%, respectively. In the intent to treat analysis, the median OS differed significantly
between the nimotuzumab and placebo arms at 12.5 months and 9.5 months, respectively. In
a subset analysis, patients with at least weak EGFR-expression had an improvement in
median OS compared to EGFR-negative patients (16.5 months versus 7.2 months, p=0.0038)
In a small Spanish study, Rojo et al evaluated nimotuzumab (200 mg and 400 mg doses) plus
RT in 10 patients with advanced HNSCC felt to be unsuitable for CRT (Rojo et al., 2008). The
overall response rate was 80% and median OS was 7.2 months. Nimotuzumab was well
tolerated and no skin rash was observed again. Pharmacodynamic studies were conducted
in this study which showed that nimotuzumab inhibited EGFR phopshorylation; molecular
downstream effects included decrease of p-ERK and upregulation of p-AKT in tumor but
not in the skin. There were no associations between doses or responses and
pharmacodynamic effects in this study.
2.1.3.2 Nimotuzumab and chemoradiotherapy
In an open-label, phase IIb randomized study from India, Babu et al evaluated
nimotuzumab in patients with locally advanced, inoperative HNSCC (Babu et al., 2010). Of
113 screened patients, 92 were randomized to receive a) RT alone, b) RT plus nimotuzumab,
c) RT plus cisplatin, and d) RT plus cisplatin plus nimotuzumab. The nimotuzumab dose
was 200 mg/week x 6 weeks, the cisplatin dose was 50 mg/week, and RT was given to a
total dose of 60-6 Gy all over 6 weeks. Of 76 evaluable patients, the locoregional response
rates were as follows: RT (37%), RT plus nimotuzumab (76%), RT plus cisplatin (70%), and
RT plus cisplatin plus nimotuzumab (100%). Similarly, after 48 months follow-up the
median OS rates were as follows: RT (12.7 months), RT plus nimotuzumab (14.3 months),
RT plus cisplatin (21.9 months), and RT plus cisplatin plus nimotuzumab (not reached). The
addition of nimotuzumab to CRT resulted in this small population resulted in significant
reduction in the risk of death (HR 0.35, p=0.01).
Preliminary results of another study from India were reported by Gupta et al in which 17
patients with locally advanced HNSCC were treated with weekly doses of nimotuzumab
200 mg plus cisplatin 40 mg/m2 concurrent with RT (66 Gy in 33 fractions) (Gupta et al.,
2010). All patients completed planned nimotuzumab treatments and were evaluated for the
primary endpoint of responses and safety. No grade 3/4 adverse events were reported. The
overall RR was 76% (CR 59%) while 2 patients progressed after therapy (one patient each in
the 5th and 6th month). Additional clinical trials, including a randomized phase III evaluation
in the postoperative treatment setting is planned.
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2.2 EGFR tyrosine kinase inhibitors
EGFR tyrosine kinase inhibitors (EGFR-TKIs) are a class of oral drugs which bind
intracellularly to EGFR and competitively inhibit the receptor activity resulting in inhibition
of downstream signaling pathways (Steeghs et al., 2007). In HNSCC, the EGFR-TKIs which
have been evaluated are erlotinib, gefitinib, and lapatinib.
2.2.1 Erlotinib
Erlotinib is an approved drug in advanced non-small cell lung cancer as monotherapy and
in advanced pancreatic cancer in combination with gemcitabine. In recurrent or metastatic
HNSCC, erlotinib has been evaluated as monotherapy and in combination with other
chemotherapeutic agents.
In a phase I trial Savvides et al combined erlotinib with docetaxel and RT in locally
advanced HNSCC (Savvides et al., 2006). The regimen consisted of weekly docetaxel (15 to
20 mg/m2) plus daily erlotinib (50 to 150 mg) with concurrent RT (70 Gy) followed by
maintenance erlotinib for up to 2 years. One patient developed dose-limiting toxicities at
each of the first 3 levels but no dose-limiting toxicity was observed at the 4th dose level. The
CR rate was 83% (15 of 18 evaluable patients) and full dose erlotinib and docetaxel 20
mg/m2 weekly were the recommended for phase II evaluation.
Herchenhorn et al conducted a phase I/II study in Brazil which evaluated the combination
of erlotinib (50 to 150 mg), cisplatin (100 mg/m2 every 3 weeks x 3 doses), and RT (70.2 Gy)
in 37 patients with locally advanced HNSCC (Herchenhorn et al., 2007). The phase II dosing
of erlotinib at 150 mg dose was evaluated in 31 patients. The CR rate in these patients was
74%. Major grade 3/4 toxicities were radiodermatitis (51%), nausea (48%), mucositis (29%),
dysphagia (35%), and vomiting (39%) were the most common adverse events (Herchenhorn
et al., 2007). With a median follow-up of 37 months, the 3-year PFS and OS rates were 61%
and 72%, respectively.
In a Spanish phase I study, de la Vega et al evaluated combination of erlotinib, weekly
cisplatin, and RT (up to 63 Gy) in resected patients with locally advanced HNSCC (Arias de la
Vega et al., 2011). Thirteen patients were treated and the recommended phase II evaluation
dose was full dose erlotinib (150 mg) with weekly cisplatin (30 mg/m2) for 6 weeks. Further
studies with erlotinib in patients with locally advanced HNSCCHN are ongoing.
2.2.2 Gefitinib
Gefitinib is an oral EGFR-TKI with modest single-agent activity in recurrent or metastatic
HNSCC (Cohen et al., 2003; Cohen et al., 2005; Kirby et al., 2006). However, 2 phase III
randomized trials did not show survival benefit of single-agent gefitinib over standard
methotrexate (Stewart et al., 2009) or of docetaxel plus gefitinib versus docetaxel plus
placebo in patients with recurrent or metastatic HNSCC (Argiris et al., 2009). Multiple
studies of the combination of gefitinib with RT or CRT in locally advanced HNSCC have
been conducted.
Rodriguez et al conducted a phase II trial of multiagent CRT including daily gefitinib (250
mg) with 2 cycles of infusional 96-hours of cisplatin and 5-fluorouracil, and concurrent
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hyperfractionated RT (72-74 Gy) followed by maintenance gefitinib for 2 years (Rodriguez et
al., 2009). Acute toxicities, including transient renal dysfunction and hospital admissions
were significantly increased with the addition of gefitinib compared to historical controls.
The 3-year estimates of freedom from recurrence and OS were 72% and 68%, respectively.
Less than half the patients were projected to complete maintenance gefitinib. The
investigators concluded that this regimen increased toxicity without improving efficacy.
The combination of weekly cisplatin (40 mg/m2) and gefitinib (250 mg) plus concomitant
boost accelerated radiation (72 Gy) was evaluated by Rueda et al in 46 patients with
unresectable locally advanced HNSCC (Reuda et al., 2007). Grade 3/4 toxicity included
mucositis (47%), radiodermatitis (14%), rash (5%), diarrhea (2%), and grade 3 neutropenia
(5%). Response evaluation at 3 months post therapy completion showed a RR of 63% and
CR rate of 52%. With a median follow-up of 23 months, the 2-year PFS and OS were 47%
and 56%, respectively.
A large, double blind, randomized phase II study was reported by Gregoire et al from
Belgium (Gregoire et al., 2011). In this study, 226 patients with locally advanced HNSCC
were randomized to gefitinib (250 mg or 500 mg) with cisplatin and RT followed by
maintenance gefitinib or placebo. The primary objective was 2-year local disease control
rate. The addition of gefitinib did not improve 2-year local control rates when given
concurrently with CRT (32.7% versus 33.6%) or as maintenance (28.8% versus 37.4%).
Treatment
Regimen
CRT: weekly
docetaxel,
erlotinib and RT
Maintenance:
erlotinib x 2
years
CRT: cisplatin x
3 cycles, daily
erlotinib and RT

CRT: 2 cycles
cisplatin and 5FU, daily
gefitinib and RT
Maintenance:
gefitinib x 2
years

Patients (n)
23

Responses

Erlotinib and CRT
CR: 83%
Mostly acute
toxicities; one
patient death

37(unresectable)

60

Toxicity

CR: 74%
3-year PFS
and OS: 61%
and 72%

Major grade 3/4
toxicities were
nausea (48%),
vomiting (39%),
radiodermatitis
(52%), and
mucositis (29%)

Gefitinib and CRT
3-year FFR
Transient renal
and OS : 72% dysfunction
and 67%
(28%), rehospitalization
(83%), 5 patient
deaths, increased
diarrhea and
rash with
gefitinib

Reference
Savvides et al,
2006

Herchenhorn
et al, 2010

Rodriguez et
al, 2009
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Treatment
Regimen
CRT: weekly
cisplatin,
gefitinib, and RT

CRT: cisplatin,
gefitinib (250mg
vs. 500 mg) or
placebo, and RT
Maintenance:
gefitinib x 1 year
IC: carboplatin,
paclitaxel x 2
cycles
CRT: RT, 5-FU,
hydroxyurea,
and gefitinib
Maintenance:
gefitinib x 2
years
IC: docetaxel, 5FU, carboplatin,
and gefitinib x 2
cycles
CRT: docetaxel,
gefitinib and RT
Maintenance:
gefitinib x 2
years
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Patients (n)

Responses

Toxicity

Reference

46
(unresectable)

RR: 63%
CR: 52%
2-year PFS
and OS: 47%
and 56%

Rueda et al,
2007

226
(randomized
phase II)

2-year LDCR:
33% each for
gefitinib vs.
no gefitinib

Major grade 3/4
toxicties were:
mucositis (47%),
rash (5%),
radiodermatitis
(14%).
Increase in
serious adverse
events in gefitnib
arms

69

CR: 90% after
CRT
4-year PFS
and OS: 72%
and 74%

Cohen et al,
2010

62

RR: 80%
CR: 36%
3- year PFS
and OS: 41%
and 54%

Major grade 3/4
toxicties during
CRT were:
neutropenia
(16%), mucositis
(85%),
radiodermatitis
(33%), infection
(17%)
Major grade 3/4
toxicties were:
radiodermatitis
(9%), mucositis
(57%),
hospitalizations
(42%); one
patient death

Gregoire et al,
2011

Hainsworth et
al, 2009

IC: induction chemotherapy; CRT: chemoradiotherapy; RT: radiotherapy; RR: response rate; CR;
complete response; PFS: progression free survival; DFS: disease free survival; OS: overall survival
Table 4. Selected Trials incorporating EGFR-TKI’s in Chemoradiotherapy Regimens
Gefitinib was well tolerated during both phases but no efficacy improvement was noted.
Cohen et al have reported the University of Chicago experience with the addition of
gefitinib to IC and subsequent CRT in a phase II trial (Cohen et al., 2010). Sixty-nine patients
with locally advanced HNSCC were treated with 2 cycles of carboplatin and paclitaxel
followed by fluorouracil, hydroxyurea, gefitinib, and twice daily RT followed by
maintenance gefitinib for 2 years. Major grade 3/4 toxicity during CRT included mucositis
(85%), radiodermatitis (33%), neutropenia (16%), and infection (17%). The CR rate was 90%
after completion of CRT. After a median follow-up of 3.5 years, the 4-year PFS and OS s
were 72% and 74%, respectively.
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Finally, Hainsworth et al from the Sarah Cannon group treated 62 patients with locally
advanced HNSCC with an IC regimen of 2 cycles of docetaxel (60 mg/m2) and carboplatin
(AUC 5) every 3 weeks plus 6 weeks of daily infusional 5-FU (200 mg/m2) and gefitinib (250
mg) (Hainsworth et al., 2009). CRT consisted of RT (68.4 Gy) with weekly docetaxel (20
mg/m2) and daily gefitinib 250 mg/d followed by maintenance gefitinib for up to 2 years.
IC resulted in major grade 3 mucositis (27%) and diarrhea (16%) as well as grade 3/4
neutropenia (30%). During CRT, the major grade 3/4 toxicities were mucositis (59%) and
radiodermatitis (9%). The RR after IC and CRT was 46% and 80%, respectively. With a
median follow-up of 33 months, the 3-year PFS and OS rates were 41% and 54%,
respectively, which were not superior to survival results reported with CRT alone by the
same group.
2.2.3 Lapatinib
Lapatinib is a dual-inhibitor which targets EGFR and HER-2 and may inhibit their
dimerization as a result. In preclinical models, lapatinib has synergistic activity with
chemotherapy and RT (Montemurro et al., 2007). Harrington et al have reported results of a
phase I trial of the combination of lapatinib (500 mg, 1000 mg, 1500 mg), cisplatin (100 mg/m2
every 3 weeks x 3 cycles), and RT (66-70 Gy) in 31 patients (Harrington et al., 2009). No DLT’s
were observed in this evaluation and the recommended lapatinib dose of for phase II
evaluation was determined as 1500 mg daily. The overall RR was 81% while radiodermatitis,
mucositis, lymphopenia, and neutropenia were the most common side effects.
Harringtpon et al have also presented preliminary results of their phase II randomized
evaluation of lapatinib or placebo, cisplatin, and RT as per the recommended schedule
above followed by maintenance lapatinib or placebo (Harrington et al., 2010). In 67 patients
randomized to lapatinib or placebo, the grade 3/4 toxicities were balanced with grade 3 rash
and diarrhea being more common in the lapatinib arm. The CR rates in the lapatinib and
standard arms were 53% and 36%, respectively. CRT dose intensities were not adversely
impacted by lapatinib. Early data showed hazard ratios for PFS and OS by independent
review of 0.71 and 0.70, respectively.
2.3 Predictors of outcome after treatment with EGFR inhibitors
The level of EGFR expression as detected by immunohistochemistry (IHC) has been
evaluated as a potential biomarker of cetuximab efficacy in HNSCC. In patients with
metastatic HNSCC, EGFR expression as determined using the DAKO assay with staining
intensity graded on an ordinal scale 0-3 and staining density assessed according to the
percentage of cells stained (Kies et al., 2007). High expression was defined as staining
intensity 3 + on 80% of cells. EGFR expression was not predictive of response to cetuximab
nor was there any association with survival.
The University of Pittsburgh group has reported results of evaluation of baseline serum
biomarkers in their study evaluating cetuximab in locally advanced HNSCC (Ferris et al.,
2009). A panel consisting of 31 cytokines were measured before and after 3 cycles of
induction cetuximab-containing chemotherapy. Low baseline VEGF and IL-6 levels were
potentially associated with complete response among patients evaluated by PET imaging
post-therapy.
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Fountzilas et al evaluated genetic biomarkers in patients undergoing cetuximab containing
radiation in locally advanced HNSCC (Fountzilas et al., 2009). In this report, tumor EGFR,
MET, ERCC1, and p-53 protein and/or gene expression were not associated with treatment
response. However, a high level of matrix metalloproteinase MMP9 mRNA expression was
found to be significantly associated with objective response.
Tumors of patients treated with cisplatin-chemotherapy with or without cetuximab on the
phase III EXTREME registration study were evaluated for EGFR gene copy number FISH
(Licitra et al., 2009). Tumors were classified as FISH positive or FISH negative using the
Colorado scoring system. Patients with FISH positive tumors were evenly distributed across
both arms. The FISH scores had no influence on the response rate in the cetuximabcontaining arm and no effect on survival on either; thus EGFR gene copy number was not
predictive of cetuximab efficacy in this setting. In patients treated with gefitnib, cisplatin
and radiotherapy in locally advanced HNSCC, EGFR protein expression, FISH and
mutation status did not predict for response or survival (Tan et al., 2011).
The most common adverse event associated with anti-EGFR agents that occurs in more than
two-thirds of patients is skin rash which usually occurs in the first 3 weeks of treatment. It is
likely related to EGFR expression in the skin and the severity of rash is associated with
efficacy. Several studies in HNSCC have shown a direct correlation between the
development of rash and better patient outcome after EGFR inhibitor therapy (Soulieres et
al., 2004; Cohen et al., 2003; Baselga et al., 2005; Burtness et al., 2005; Herbst et al., 2005). In
the Bonner study, patients with a grade 2 or greater rash had a significantly lower risk of
death (Bonner et al., 2010). Patients with a prominent rash had significantly longer overall
survival than those patients who had a mild rash (68.8 months vs. 25.6 months; HR 0.49;
p=0.002). It is possible that occurrence of acneiform rash is a biomarker of an immunological
response that is conducive for optimal outcome. It thus seems that currently occurrence of a
high-grade rash may be the only biomarker predictive of favorable outcome with cetuximab
containing therapy.

3. Vascular endothelial growth factor pathway inhibitors
VEGF was associated with an increased risk of death in HNSCC in a recent meta-analysis of
12 studies (Kyzas et al., 2005). In HNSCC, both VEGF and the VEGF receptor are
upregulated and are important for tumor cell survival in hypoxic conditions (Moriyama et
al., 1997; Denhart et al., 1997; Inoue et al., 1997; Petruzzelli et al., 1997). Pre-clinical studies
have demonstrated that blockage of the VEGF pathways by anti-angiogenic drugs increases
the anti-tumor effects of radiation. As such targeting the VEGF pathway through
monoclonal antibodies and receptor tyrosine kinase inhibitors is a promising therapeutic
approach in HNSCC. The currently available data with the use of bevacizumab in locally
advanced HNSCC is reviewed below.
3.1 Bevacizumab
The humanized monoclonal antibody bevacizumab binds VEGF-A and is currently
approved for clinical use in many advanced solid tumors, including colorectal cancer, nonsmall cell lung cancer, renal cell carcinoma, and glioblastomas. Bevacizumab inhibits
angiogenesis and also facilitates chemotherapy delivery into tumors (Shirai & O’Brien, 2007;
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Olsson et al., 2006). Antiangiogenic agents, in preclinical studies appear to overcome
resistance and potentiate the effect of traditional therapies such as radiotherapy and
chemotherapy (Seiwert & Cohen, 2008).
3.1.1 Bevacizumab and chemoradiotherapy
Various combinations of bevacizumab and radiotherapy have been evaluated in phase I/II
trials in locally advanced HNSCC. Seiwert et al from the University of Chicago group have
published results of a phase I evaluation of bevacizumab, 5-fluorouracil, hydroxyurea, and
radiation (BFHX). In this study, 43 patients with recurrent, previously irradiated or poor
prognosis, treatment-naïve HNSCC were treated with every 2-week regimen of
bevacizumab (escalating doses from 2.5 to 10 mg/kg), hydroxyurea (500-1000 mg BID), and
5-FU (600-800 mg/m2 as a continuous infusion for 5 days) in combination with RT (1.8-2 Gy
once daily) on a week on-week off schedule (Seiwert et al., 2008). The MTD of the
combination was bevacizumab (10 mg/kg), 5-FU (600 mg/m2) and hydroxyurea (500 mg)
and this cohort was expanded to 26 patients. The median OS was 10.3 months. Significant
severe late toxicities were observed including development of fistula (5 patients), ulceration
or tissue necrosis (4 patients), and thrombosis (3 patients).
Results of a follow-up phase II randomized study by the same group have been reported by
Salama et al in which the BFHX regimen was compared to the prior FHX regimen (Salama et
al., 2011). In this study, 26 patients with intermediate stage III-IV patients (excluding N2-N3
stage) were enrolled. The study was halted following unexpected locoregional progression
in 4 patients with T4 tumors randomized to the BFHX regimen. The incidence of mucositis
and dermatitis was not increased with the addition of bevacizumab to CRT. The pathologic
CR rate on study was 77%. The 2-year OS was 68% and the DFS for BFHX and FHX were
59% and 89%, respectively. Two patients died during CRT and one patient died within 30
days after post-CRT surgery.
Savvides et al have presented preliminary results of a phase II study evaluating the
combination of weekly docetaxel (20 mg/m2) and every 2-week bevacizumab (5 mg/kg) with
daily RT (70.2 Gy) followed by maintenance bevacizumab for up to 1 year (Savvides et al.,
2008). Of 23 enrolled patients, 17 patients remained in CR and 4 patients recurred. No
unexpected toxicities or severe bleeding episodes were noted while 8 patients required
hospitalization during CRT. The estimated 1-year PFS and OS were 78% and 89%, respectively.
Preliminary results of a phase II study from the Sloan Kettering group which investigated
the addition of bevacizumab (15 mg/kg every 3 weeks x 3 cycles) to cisplatin (50 mg/m2 on
days 1, 2, 22, 23, 43 and 44) and RT (70 Gy) have been presented by Pfister et al (Pfister et al.,
2009). Plans for maintenance bevacizumab were discontinued after the occurrence of a grade
4 pulmonary hemorrhage. Major toxicities included grade 3 mucositis (76%) and grade 3/4
neutropenia (41%). Two patients died within 90 days of last treatment; one had a sudden
death and another died from aspiration pneumonia. The estimated 1-year PFS and OS were
83% and 88%, respectively.
Preliminary results of a RTOG phase II trial of bevacizumab and CRT in patients with
locally advanced nasopharyngeal carcinoma were reported by Lee et al (Lee et al., 2011). In
this study, 44 patients were enrolled and received 3 cycles of bevacizumab (15 mg/kg),
cisplatin (100 mg/m2), and IMR (70 Gy) followed by 3 cycles of adjuvant bevacizumab (15
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mg/kg), cisplatin (80 mg/m2), and 5-fluorouracil (1000 mg/m2/day x 4 days). The most
common grade 4 toxicity was hematologic and grade 3/4 mucositis was seen in 77% cases.
The 2-year PFS and OS were 71.7% and 90.9%, respectively. These survival rates were
favorable compared to prior RTOG data with regards to OS but not PFS.
3.1.2 Bevacizumab with induction chemotherapy and CRT
In a phase II study, Meluch et al evaluated IC with paclitaxel (200 mg/m2), carboplatin
(AUC 6), and 5-FU (200 mg/m2/day x 3 weeks) plus bevacizumab (15 mg/kg) followed by
concurrent RT (68.4 Gy) with paclitaxel (50 mg/mw/week), bevacizumab (15 mg/kg), and
erlotinib (150 mg daily) in locally advanced HNSCC (Meluch et al., 2009). Of 60 enrolled
patients, preliminary results in the first 48 patients showed that the most common grade 3/4
adverse events during IC were neutropenia (46%), neutropenic fever (6%), mucositis (14%),
and diarrhea (14%); during CRT grade 3/4 mucositis occurred in 76% patients. The overall
RR was 77% after completion of the entire treatment. After a median follow-up of 16
months, the 18-month PFS and OS were 85% and 87%, respectively. No unexpected
toxicities were observed with this regimen.

4. Conclusion
The evaluation of targeted therapies in the management of locally advanced head and neck
squamous cancers is evolving. Currently, randomized trials data support the use of the antiEGFR monoclonal antibody cetuximab in combination with radiotherapy in this setting.
Conversely, the currently available data do not support the use of cetuximab in combination
with chemotherapy and radiotherapy in this setting based on the results of the RTOG 0522
study. As such, the use of combined targeted and chemotherapy regimens outside of a
clinical trial is not recommended at present. The challenge in the appropriate use of antiEGFR therapies is the determination of appropriate patients prospectively through the use
of relevant biomarkers. Presently, the development of a high-grade rash is the only potential
biomarker of benefit in the use of ant-EGFR therapy.
The clinical trials scenario is replete with ongoing randomized trials evaluating anti-EGFR
monoclonal antibodies and tyrosine kinase inhibitors in combination with chemotherapy.
Additional trials are investigating the role of anti-VEGF therapies and mTOR inhibitors are
in early clinical trials. The results of these trials will shape the future of targeted therapies in
this setting.
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1. Introduction

Radiation therapy plays an important role in head and neck cancer management, including
in the definitive nonsurgical setting, in postoperative patients with high-risk features and in
recurrent setting. Because head and neck cancer can be very aggressive with a high
tendency to recur locally, it is important to adequately irradiate all local-regional cancer cells
(both gross disease and microscopic disease) to doses sufficient for tumor control. At the
same time, many of the normal tissues in the head and neck area are very sensitive to
radiation; such anatomic structures as the salivary glands, larynx, and constrictor muscles
can be particularly damaged by treatment resulting in long-term sequelae.
The radiation oncologist was placed in the difficult situation of attempting to provide high
doses of radiation to tumor and target volumes and minimal doses of radiation to normal
structures. New technologies along with increased clinical familiarity and experience with
these technologies have allowed the practice of radiotherapy to increase the distance between
tumor dose and normal tissue dose, which in turn improves the ratio of cancer cure to
treatment morbidity. The evolution in radiation therapy techniques over the last 30 years
began from 2 dimensional (2D) radiation therapy using coplanar beams, usually in single or
opposing pairs: e.g., right and left lateral or anterior field in head-and-neck cancer (Figure 1).
During the late 1980s, advancements in imaging and computer technology introduced the
new methods to identify the targets on CT scans and display the radiation beams in three
dimensions relative to the anatomy. In addition, radiation therapy by modern computer
planning and multileaf collimators became available. The result was the introduction of
Three Dimensional Conformal Radiotherapy (3D-CRT), which allowed better precision of
irradiation delivery to image-based targets and some improvements in the sparing of
noninvolved critical tissue. Another step forward was the development of Intensity
Modulated Radiation Therapy (IMRT), which facilitated a higher degree of dose
conformality and offered opportunities for additional clinical gains. More recently, ImagingGuided Radiotherapy (IGRT) has emerged, making the better precision of patient setup with
the ability for tracking of tumor regression and anatomical changes in the surrounding
tissue during the whole course of radiation therapy. The other different techniques have
evolved in head and neck cancer treatment. Stereotactic irradiation, gamma knife unit or linear
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Fig. 1. Example of radiotherapy field using conventional – 2D radiation therapy, usually in
single or opposing pairs: e.g., right and left lateral or anterior field in head-and-neck cancer
accelerator (LINAC)-based, is one method used in radiation therapy treatment. The radiation
delivered has a sharp dose fall-off between the target and the surrounding normal tissue, thus
allowing very precise delivery of radiation beam to the tumor while sparing and minimizing
the radiation dose delivered to the surrounding organs. Lastly, other technical approaches
such as proton beam radiotherapy or the CyberKnife are also used in this setting.

2. Intensity Modulated Radiation Therapy (IMRT)
IMRT is a form of 3D-CRT that implies the use of multiple radiation fields whose intensity
varies across the field, depending on the thickness of the target and the existence of critical
organs or critical noninvolved tissue. IMRT allows a relatively uniform dose in an
irregularly shaped target while avoiding a high dose to the surrounding structures. The
major differences between IMRT and more traditional radiotherapy techniques are the
introduction of computer-controlled multileaf collimators, and the computer planning
software ( inverse planning) that allow for the intensity modulation of the various
radiotherapy beamlets. Due to the relative ease of implementation of this technology (eg,
compared with proton beam irradiation) and the obvious theoretic benefits, IMRT has
quickly become standard for many cancers, including head and neck.
2.1 Imaging for treatment planning
Most of the case, the simulation contrast-enhanced CT is the only imaging modality
required for the delineation of the targets. Magnetic resonance imaging (MRI) is a necessary
adjunct to CT because it provides better detail of tumor extension and surround normal
organ such as the tumors located close to the base of skull and the parapharyngeal and
retropharyngeal spaces (Som,1997; Schechter et al., 2001) (Figure 2) Another potential
imaging modality for this purpose is fluorodeoxyglucose-positron emission tomography
(FDG-PET). However, in a series of HNCs in which CT, MRI, and FDG-PET were obtained,
and surgery was then performed to validate the primary tumor extent and lymph node
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involvement, a rather limited benefit of FDG-PET over CT and MRI was found. (Schechter et
al., 2001). PET-derived gross tumor volumes were smaller than those derived from CT and
MRI, and surgical specimens were even smaller. However, when examined in detail, despite
overestimation in most dimensions, all three imaging modalities actually underestimated
the mucosal extent of disease (Schechter et al., 2001). Therefore, physical examination and
laryngoscopy findings should be part of the definition in addition to image modalities such
as CT and PET.

Fig. 2. CT (left) and MRI ( right ) scan of nasopharyngeal cancer . MRI provides information
in prevertebral muscle invasion better than CT scan (arrow)
2.2 Delineating tumor and target volume
ICRU 50 defines five volumes of interest related to treatment. The following definition are
illustrated in Figure 3.
2.2.1 Gross tumor volume (GTV): The GTV is the volume that contains the gross palpable
or visible extent and location of malignant growth. The GTV may be identified on physical
examination, a radiograph, or sectional images.
2.2.2 Clinical target volume (CTV): The CTV is the volume that contains the GTV and any
suspected microscopic disease. The CTV is the volume that must receive the prescribed dose
to effect cure or palliation.
2.2.3 Planning Target Volume (PTV): The PTV is a volume that contains the GTV and CTV
and that is defined to account for the irradiation geometry and all uncertainties in treatment,
such as organ and patient motions and set-up errors. The PTV is a volume that, when
covered by the prescription dose, will ensure the delivery of the prescription dose to the
CTV. The PTV includes a margin for motion and set-up error but not for microscopic
disease. The PTV is a function of treatment geometry, because the number of beams and
their orientations may impose limitations on the PTV’s shape or scope.
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2.2.4 Treated volume (TV): The TV is the volume enclosed by a selected (prescribed) isodose
surface and is a function of the treatment geometry required for planning the PTV. For an
acceptable plan, the TV is greater than the PTV, although an ideal TV/PTV ratio would be
1.0, indicating perfect conformation (assuming the locations of the volumes were identical).
2.2.5 Irradiated volume (IV): The IV is a volume that receives a significant dose; significance
is determined by morbidity or other measures.

Irradiated Volume
Treated Volume
PTV
ITV
CTV
GTV

Fig. 3. The Internatinal Commission on Radiation Units and Measurement Report 50 (ICRU
50) defines five volmes of interest related to treatment.
In the routine practice, once the GTVs and CTVs are outlined on the axial CT scans, a
expansion of CTV is performed to obtain the PTVs that accommodate setup uncertainties.
Typically the magnitude of the margin is 3 to 5 mm, which means that an extra 5-mm ring of
normal tissue around the target receives full dose. In a region with critical targets and
organs at risk is close to the tumor, reducing this margin can potentially reduce treatmentrelated toxicity. An example of the delineation of the targets and noninvolved structures in a
case of nasopharyngeal cancer is provided in Figure 4.
2.3 Dose prescription
The delivery of a single IMRT plan throughout the course of treatment provides better dose
conformality than the use of several consecutive plans common in conventional
radiotherapy, which consist of initial fields encompassing all targets followed with a boost
to the gross tumor. Generally, when a single plan is prescribed, the PTV of gross tumor
receives both a higher dose per fraction and total dose than the PTVs of the subclinical
disease. Therefore, with a standard IMRT plan, the GTV would receive 70 Gy over 35
fractions , and the PTV of subclinical disease would receive lower fraction doses, usually 63
Gy to the high-risk and 56 to 59Gy to lesser-risk elective targets, over 35 fractions (1.8 Gy
and 1.6-1.7 Gy) . Figure 5 shows isodose distribution in oropharygeal cancer compared
between 3D-CRT and IMRT technique.
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P represents the parotid gland; red represents CTV1 ( high risk area) ; purple represent CTV 2 ( low risk
area) ; yellow represents GTV.

Fig. 4. Delineation of the targets and noninvolved structures in a case of nasopharyngeal
cancer.
Radiation Therapy Oncology Group protocol H-0022 specified the prescription dose as the
dose that encompasses at least 95% of the PTV. No more than 20% of the PTV can receive
more than 110%, and no more than 1% of the PTV can receive less than 93%, of the
prescribed dose.
Dose constraints regarding critical organs are usually stated in terms of the maximal dose.
Commonly applied constraints in the head and neck are maximal doses of 45 Gy to the
spinal cord, 54 Gy to the brainstem, 70Gy to the mandible, 50 to 55Gy to the optic pathway
and maintain the mean dose to the contralateral parotids less than 26 Gy.

Fig. 5. Isodose distributions contrasting conventional (left) and IMRT (right) H&N treatment
plans. Significant reduction of dose to the left parotid gland is achieved with the IMRT plan.
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2.4 Clinical results in head and neck cancer treated with IMRT
In general the main intent in IMRT planning is preservation of function. One of the main
issues is reducing xerostomia. Other potential functional gains from IMRT compared with
conventional RT include reduced long-term dysphagia. Sparing of pharyngeal constrictors
and the glottic and supraglottic larynx may be beneficial in this regard. (Eisbruch et al.,
2004) . Most studies comparing IMRT with conventional treatments are retrospective and
therefore have a potential selection bias. The only one randomized study from England
(PARSPORT trial) (Christopher et al., 2011) was compared IMRT and conventional radiation
in term of the incidence of xerostomia in head and neck cancer patient. At 24 months, grade
2 or worse xerostomia was significantly less common with IMRT (29%) than with
conventional radiotherapy (83%) (p<0.0001). At 12 and 24 months, significant benefits were
seen in recovery of saliva secretion with IMRT compared with conventional radiotherapy, as
were clinically significant improvements in dry- mouth-specific and global quality of life
scores. Until now, it still has no standard criteria to select which patients were more suitable
for IMRT treatment. Many different selection factors were used to each institute. Generally,
in patients who have poor performance status, cannot tolerate lengthy treatment, to be too
sick to benefit from complex therapy, requiring urgent start of therapy, more simple,
conventional treatment may be selected. Therefore the comparison of IMRT with
conventional RT in such situations would be very difficult. We summarized the clinical
result of IMRT in head and neck cancer as describe below.
2.5.1 Nasopharynx
The use of IMRT for the nasopharynx represents opportunities to spare many critical
noninvolved structures and to improve tumor coverage, as detailed previously. These
improvements have been demonstrated in several treatment planning exercises in
nasopharyngeal and oropharyngeal tumors, in which IMRT plans were compared with
“standard 3D” plans in the same patients.(De et al., 1999; Yao et al.,2005). The available level
I evidence (two randomized prospective trials) to document the efficacy of IMRT involves
nasopharyngeal cancer (NPC). Similar in design, each trial randomized patients between
conventional radiation and IMRT along with concurrent chemotherapy( Pow et al., 2006;
Kam et al., 2007). The results were that salivary gland (parotid) function was significantly
and dramatically improved in both studies. Regarding to Pow and coworkers study (Pow et
al., 2006), they found an improvement in stimulated saliva flow with IMRT and also found
that patients treated with IMRT had an improvement in patient-reported quality of life
scores. Similarly, Kam and coworkers (Kam et al., 2007) found a reduction in observer-rated
xerostomia from 82.1% with conventional radiotherapy to 39.3% with IMRT along with
improvements in measured parotid flow rates. The primary end point for both studies was
parotid function; neither trial was powered or intended to examine the role of IMRT in
disease control or overall survival. Although there is no level I evidence proving that IMRT
is equal to or superior to conventional radiation therapy in terms of disease control, several
large retrospective series have been reported. A large clinical series of IMRT of
nasopharyngeal cancer has been reported by investigators at the University of California in
San Francisco (Sultanem et al., 2000). They reported in 67 patients treated in the years 1995
to 2000. This regimen yielded excellent locoregional tumor control: The rate was 97% at
median follow-up of 31 months, with reasonable rates of acute toxicity. Another large
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clinical series from the memorial Sloan-Kettering (Wolden et al., 2006) reported on 74
patients with newly diagnosed, nonmetastatic nasopharyngeal cancer were treated with
IMRT. Most of the patients received concurrent and adjuvant platinum-based
chemotherapy. At the median follow-up of 35 months, the 3-year actuarial rate of local
control is 91%, and regional control is 93%; freedom from distant metastases, progressionfree survival, and overall survival at 3 years are 78%, 67%, and 83%, respectively. There was
100% local control for Stage T1/T2 disease, compared to 83% for T3/T4 disease (p = 0.01).
There is a trend for improved local control with IMRT when compared to local control of
79% for 35 patients treated before 1998 with three-dimensional planning and chemotherapy
(P= 0.11). Rates of severe (Grade 3-4) ototoxicity and xerostomia are low with IMRT as a
result of normal-tissue protection.
2.5.2 Paranasal sinuses
The proximity of the optic apparatus is the main obstacle to adequate irradiation of tumors
in the locally advanced paranasal sinuses. In these cases, IMRT can provide adequate target
coverage while sparing the optic pathways. The clinical series of IMRT in paranasal sinus
cancer has been reported from the UCSF (Daly et al., 2007). In this study, 36 patients with
malignancies of the sinonasal region were treated with IMRT. The 2-year and 5-year
estimates of local control were 62% and 58%, respectively. One patient developed isolated
distant metastasis, and none developed isolated regional failure. The 5-year rates of diseasefree and overall survival were 55% and 45%, respectively. The incidence of ocular toxicity
was minimal with no patients reporting decreased vision. The another study from
University Hospitals Leuven in Belgium (Dirix et al., 2010) was compared the results of
IMRT and convention radiotherapy for paranasal sinus cancer. From this study, 40 patients
with cancer of the paranasal sinuses (n = 34) or nasal cavity (n = 6) received postoperative
IMRT to a dose of 60 Gy or 66 Gy. Treatment outcome and toxicity were retrospectively
compared with that of a previous patient group (n = 41) who were also postoperatively
treated to the same doses but with three-dimensional conformal radiotherapy. Two-year
local control, overall survival, and disease-free survival were 76%, 89%, and 72%,
respectively. Compared to the three-dimensional conformal radiotherapy treatment, IMRT
resulted in significantly improved disease-free survival (60% vs. 72%; p = 0.02). The use of
IMRT significantly reduced the incidence of acute as well as late side effects, especially
regarding skin toxicity, mucositis, xerostomia, and dry-eye syndrome. The largest clinical
series of IMRT for paranasal sinuses was reported from Ghent University Hospital in
Belgium (Madani et al., 2008). In this study, 84 patients with sinonasal tumors were treated
with IMRT. The median follow-up of living patients was 40 months. The 5-year local
control, overall survival, disease-specific survival, disease-free survival, and freedom from
distant metastasis rate was 70.7%, 58.5%, 67%, 59.3%, and 82.2%, respectively. No difference
was found in local control and survival between patients with primary or recurrent tumors.
On multivariate analysis, invasion of the cribriform plate was significantly associated with
lower local control (p = 0.0001) and overall survival (p = 0.0001). One patient developed
Grade 3 radiation-induced retinopathy and neovascular glaucoma. Nonocular late
radiation-induced toxicity comprised complete lacrimal duct stenosis in 1 patient and brain
necrosis in 3 patients. Osteoradionecrosis of the maxilla and brain necrosis were detected in
1 of the 5 reirradiated patients.
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2.5.3 Oropharynx
In general, all series investigating IMRT for oropharyngeal cancer have reported outstanding
locoregional control rates. (Clavel et al., 2011; Setton et all, 2010; Lok et al., 2011). These series
reported 2-year locoregional tumor control rates of 90% to 98% for patient populations who
mainly had stage III or IV tumors. Clavel et al ((Clavel et al., 2011) was compared the toxicity
and efficacy of IMRT vs. conventional radiotherapy (CRT) in patients treated with concomitant
carboplatin and 5-fluorouracil for locally advanced oropharyngeal cancer. From this study, 249
patients were treated with definitive chemoradiation. One hundred patients had 70 Gy in 33
fractions using IMRT, and 149 received CRT at 70 Gy in 35 fractions. Median follow-up was 42
months. Three-year actuarial rates for locoregional control, disease-free survival, and overall
survival were 95.1% vs. 84.4% (P = 0.005), 85.3% vs. 69.3% (p = 0.001), and 92.1% vs. 75.2% (p <
0.001) for IMRT and CRT, respectively. IMRT was associated with less acute dermatitis and
less xerostomia. This study suggests that IMRT is associated with favorable locoregional
control and survival rates with less xerostomia and acute dermatitis than CRT when both are
given concurrently with chemotherapy. The largest series of OPC treated with IMRT was
reported from the Memorial Sloan-Kettering Cancer (Setton et al., 2010). In this study, 442
patients with histologically confirmed OPC underwent IMRT. Most of the patients (91%)
received chemotherapy. Median follow-up was 36.8 months. The 3-year cumulative incidence
of local failure, regional failure, and distant metastasis was 5.4%, 5.6%, and 12.5%, respectively.
The 3-year OS rate was 84.9%. The incidence of late dysphagia and late xerostomia ≥Grade 2
was 11% and 29%, respectively. The further study from MSKCC was reported (Lok et al.,
2011). In this update study, the 2-year cumulative incidence of LF, RF and DF was 6.1%, 5.2%,
and 12.2%, respectively. The 2-year OS rate was 88.6%. In their cohort study, Gross tumor
volume was found to be associated with overall survival, local failure, and distant
metastatic failure.
2.5.4 Larynx and hypopharynx
IMRT can improve target dose homogeneity for laryngeal and hypopharyngeal SCC while
reducing the dose to the normal tissues at risk (Daly et al., 2011; Studer et al., 2010; Huang et
al., 2010). Clinical data on IMRT for laryngeal and hypopharyngeal SCC are scarce,
however, and include limited numbers of patients within large heterogeneous series of
multiple HN tumor sites (Sultanem et al., 2000; Huang et al., 2010). In general,
Hypopharyngeal tumors, which fare worse than laryngeal tumors, warrant investigation of
more aggressive treatment. For example, at Stanford university (Daly et al., 2011), 42
patients with squamous cell carcinoma of the hypopharynx (n = 23) and larynx (n = 19)
underwent IMRT .Three local failures occurred within the high-dose region and 3 occurred
in regional nodes. Seven patients developed distant metastasis as the initial failure. Threeyear actuarial estimates of locoregional control, freedom from distant metastasis, and overall
survival rates were, respectively, 80%, 72%, and 46%.The largest series was reported from
Studer et al (Studer et al., 2010). In this study, 65 hypopharyngeal, 31 supraglottic, and 27
locoregionally advanced glottic tumor patients underwent definitive IMRT (with
simultaneous chemotherapy in 86%). The 2-year local, nodal, and locoregional control rates
for the entire cohort were 82%, 90%, and 77%, respectively; the disease-free and overall
survival rates were 75% and 83%, respectively. The ultimate 2-year LRC rate, including
salvage surgery, was 86%.
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Although the benefits of IMRT warrant its widespread use, there are some disadvantages to
this technology such as the planning process and treatment delivery for IMRT is much more
consume a higher time and cost than traditional radiotherapy planning. This prolonged
treatment planning time can occasionally delay treatment initiation, which has been shown
to be detrimental in the setting of head and neck cancer. (Ang et al., 2001). In addition to
IMRT is a relatively new technology, the physician or dosimetrist might need very high
conformal dose distribution and spare normal tissue as much as possible. But too tight of
dose constraint on normal organs can result in inadequate treatment of the cancer. A recent
report (Cannon & Lee, 2008) describes three cases in which patients had a recurrence near
the parotid gland, which was spared using IMRT technology. It is possible that these
recurrences may have been avoided with conventional radiotherapy that did not attempt to
reduce the radiation dose to the parotid glands. Finally, some of the long-term effects of
IMRT are unknown. The increased of number of beam and radiation output from IMRT
results in an increased the other normal structure and total body dose of irradiation to the
patient. Some studies (Rosenthal et al., 2008; Lee et al., 2002) describe the increased dose to
several normal structures, such as brainstem, cochlea, scalp, mucous membrane and skin.
For increasing in total body radiation dose, this is unavoidable because of radiation that
leaks out from the linear accelerator head during long treatment times. In addition to this
increased scatter radiation, IMRT exposes a larger volume of normal tissue to low-dose
radiation in an effort to avoid high doses of radiation to one or more critical structures. The
combined effects of increased scatter and low-dose radiation have a theoretic risk of
increased secondary malignancies.

3. Image-Guided Radiotherapy
Image-guided radiotherapy (IGRT) is a broad term of radiation therapy technique that is
incorporation of multidimensional imaging modalities into the planning and
implementation of radiotherapy. The aim of IGRT was for minimizing setup uncertainties,
enable to reduce the PTV margins, and assessing anatomic changes in tumor and critical
tissue during the whole course of therapy. Imaging has always been used in the design of
radiotherapy fields, previously in the form of fluoroscopy, two-dimensional planning films,
and more recently the routine use of CT simulation. With the much improvements in
diagnostic radiology, three-dimensional imaging, such as positron emission tomography
(PET) and MRI, are now readily available as is the ability to obtain daily CT scans and fourdimensional imaging (with time as the fourth dimension) that allows even greater precision
and accuracy for radiotherapy treatments. IGRT can be divided into three separate areas.
The first is the use of IGRT in treatment planning including the integration of diagnostic
radiology information into treatment field design before the patient starts treatment. Second
is the use of various technologies (eg, Linac-mounted cone-beam CT [CBCT] scan devices)
for improved treatment precision and correction of daily set-up variables. The third form of
IGRT combines the first two and uses available technology to replan and adjust the
radiotherapy throughout the course of treatment (adaptive radiotherapy).
3.1 Use of diagnostic radiology
One form of IGRT is in using diagnostic technology to better define treatment volumes. 18Flurodeoxyglucose (FDG) PET scans, especially with incorporation of a diagnostic CT scan
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(PET-CT scans) and Magnetic Resonance Imaging (MRI) are increasingly used in
radiotherapy planning. FDG-PET scans use a radioactive glucose that is specific uptake at a
higher rate by tumor and involved lymph nodes than by normal tissues. The difference in
uptake rate between tumor cell and normal tissue allow the clinician easily define which is
tumor or normal structures. PET scans can also help discover tumors areas that appear
normal on CT scan but have significantly increased metabolic activity (and likely
contain malignancy) as shown in Figure 6. Clinical experience is growing regarding the
ability of PET scans better to define gross disease and nodal volumes.(Heron et al., 2004;
Scarfone et al., 2004; Nishioka et al., 2002; Koshy et al., 2005; Wang et al., 2006; Vernon et al.,
2006). For example, Heron and coworkers (Heron et al., 2004) reported on the use of
integrated PET-CT radiotherapy planning versus conventional CT planning and found that
the CT-based planning overestimated the tumor volume by 150% compared with PET-CT–
based planning.

Fig. 6. CT scan ( left, middle) and PET scans ( right). PET scans can discover tumors areas
that appear normal on CT scan but have significantly increased metabolic activity
3.2 Technologies for improved treatment precision and correction of daily set-up
variables
Several target localization technologies can be used for monitor the patient’s position during
treatment delivery. For example, surface markers and optimal tracking, megavoltage
Electronic Portal Imaging (EPIDs), implanted radioplaque markers, kilovoltage imaging,
ultrasound and in-room CT systems. There is an emerging shift from localization inferred
from surface marks or radiographs, to the more direct use of implantable markers and soft
tissue localized via volumetric imaging in the treatment room. The classic method for
patient set-up is to immobilize the patient using a face mask. Markings are made on this
mask and before the daily radiotherapy treatments; radiation therapy technologists use the
mask marks to position the patient. The positioning is typically confirmed by taking a twodimensional radiograph (portal film) before the first radiation treatment and then
periodically (different institutions have different policies on how often these verification
films are taken; once per week is a commonly accepted standard). If the verification films
show an obvious displacement, the patient is repositioned before treatment. These twodimensional verification films are capable of detecting most large errors (>5–10 mm), but
have limitations because they only use two dimensions and can lead to missing potential
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set-up inaccuracy. They are also highly dependent on bony rather than soft tissue and tumor
geometry. The method to reduce daily set-up error that may not be noticed on traditional
two-dimensional verification films is the use of CT imaging in the treatment room. The
common system is cone beam CT (CBCT ) (Figure 7). A CBCT scan is essentially a CT
scanner built into the linear accelerator. The CBCT is used to obtain a CT scan of the patient
in the anatomic area of interest (eg, the head and neck region) after the patient has been
positioned on the treatment table. After the CBCT has been taken, a computer algorithm
aligns the CBCT to the initial planning CT scan and adjustments, if required, can be made
before the start of treatment. Several authors have reported on the use of CBCT in head and
neck radiotherapy (Hong et al., 2005; Li et al., 2008). Hong and coworkers (Hong et al., 2005)
analyzed the magnitude of difference between two- and three-dimensional patient set-ups,
finding that substantial set-up errors could be discovered when all six degrees of freedom
were registered. This set-up error was then used to calculate dosimetric consequences of not
correcting these errors, finding that the planning tumor volume could be underdosed by as
much as 20% to 30%. Others (Sharpe et al., 2005; vakilha et al., 2007) have found reductions
in the parotid and spinal cord dose with the use of daily imaging for position verification.
CBCTs have the potential to increase set-up accuracy, and this could allow reduction in the
tumor margins that would increase the distance from the high-dose radiation areas to the
normal structures. Even small changes in margin can have significant effects on normal
tissue doses and outcomes. The increasing of radiation dose to the patient associated with
CBCT might be concern regarding to the complication especially in the risk of secondary
malignancy. Most CBCT systems add the extra patient-received radiation dose about 3 cGy
(Islam et al., 2006; Sykes et al., 2005), whereas the typical daily radiation treatment dose is
180 to 200 cGy. The daily CBCT represents 1% to 1.5% of the daily radiation dose. It should
be mentioned, however, that unlike the daily radiation dose, the dose from the CBCT
involves significantly more normal tissue and has higher skin dose.

Fig. 7. Cone beam imaging at Linac unit can provide daily set up
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3.3 Technology to replan and adjust the radiotherapy throughout the course of
treatment (adaptive radiotherapy)
With advancement of IGRT and available volumetric information, it has become evident
that a single pretreatment planning CT cannot represent the patient’s anatomy for the entire
treatment course, particularly for head and neck cancer patients. The patient anatomy
changes from day to day (interfractional organ motion) and even during the dose delivery
process (intrafractional organ motion) due to patient setup inaccuracy and voluntary or
involuntary physiologic processes of the patient. For example, organ motion happens
involuntarily for structures that are part of or adjacent to the digestive or urinary systems,
Changes in the patient’s condition, such as weight gain or loss and rapid changes in the
tumor volumes due to the treatment response, can also affect the relative position of the
clinical target volume. An alternative way that IGRT can be used is in replanning
radiotherapy or adaptive radiotherapy. Repeating a CT-simulation scan at one or more time
points during the course of therapy, a second treatment plan, using the patient's altered
anatomy, can be used to increase the accuracy of the radiotherapy. Realization of the
anatomic changes and subsequent radiotherapy replanning can result in improved dose to
both tumor and normal structures. Several authors(Hansen et al., 2006; Dogan, 2007; Han et
al., 2008) found that without replanning, tumor coverage and dosimetry decreases (despite
the typical decrease in tumor volume size during therapy), whereas at the same time spinal
cord dose is increased by up to 10%.

4. Proton therapy
Interest in the use of charged particle radiation has been primarily stimulated by the
superior dose distributions that can be achieved with these particles compared with those
produced by standard photon. Charged particles deposit energy in tissue through multiple
interaction of energy is also transferred to tissue through collisions with the nuclei of atoms
the energy loss per unit path length is relatively small and constant until near the end of the
range, where the residual energy is lost over a short distance, resulting in a steep rise in the
absorbed dose. This portion of the particle track, where energy is rapidly lost over a short
distance, is known as the Bragg peak ( Figure 8 ). The proton dose distribution is still
characterized by a lower dose region in normal tissue proximal to the tumor, a uniform
high-dose region in the tumor, and zero dose beyond the tumor.
With the use of inverse planning, intensity-modulated proton therapy (IMPT) can further
improve the therapeutic index of radiotherapy. Several groups have published treatment
planning comparisons of (photon) IMRT with IMPT. Using IMPT, mean doses to the organs
at risk such as parotid glands, mandible, larynx, spinal cord and brain stem have been
reduced by as much as 50%. The earliest published from Simon and colleage ( Simon et al.,
2011) showed significantly lowered the maximum doses to the spinal cored, brainstem and
mean doses to the larynx and parotid glands of IMPT compared to IMRT and adaptive
IMRT. A systematic review in the benefit of PT in head and neck cancer with respect to
normal tissue sparing was reported (Water et al., 2011). There were 14 studies were
identified and included in this review. Four studies included paranasal sinus cancer cases,
three included nasopharyngeal cancer cases, and seven included oropharyngeal,
hypopharyngeal, and/or laryngeal cancer cases. Seven studies compared the most
sophisticated photon and proton techniques: intensity-modulated photon therapy versus
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Fig. 8. Bragg peak in proton therapy radiation: comparison of deep dose distribution with
other types of radiation treatment
intensity-modulated proton therapy (IMPT). Four studies compared different proton
techniques. All studies showed that protons had a lower normal tissue dose, while keeping
similar or better target coverage. Two studies found that these lower doses theoretically
translated into a significantly lower incidence of salivary dysfunction. This result concluded
that that PT have the potential for a significantly lower normal tissue dose, while keeping
similar or better target coverage. IMPT probably offers the most advantage and will allow
for a substantially lower probability of radiation-induced side effects. The areas in the head
and neck such as paranasal sinus and nasopharynx that close to optic apparatus and brain
and some radioresistant tumors such as uveal melanoma, chordoma, and chondrosarcoma
could have clinical gain from proton therapy. However, the use of proton therapy in head
and neck cancers requires special considerations in the simulation and treatment planning
process, and currently available PT technology may not permit realization of the maximum
potential benefits of proton therapy. Figure 9 shows a comparison of IMRT plan and a
Proton therapy.
4.1 Clinical experience of proton therapy for head and neck cancers
Proton therapy in head and neck cancer is relatively new, so there still have few clinical data
of proton therapy in head and neck cancer. The previous reports usually are small sample
size and do not provide enough information to support the actual benefits in the therapeutic
ratio from proton therapy compared with photon based radiation.
4.1.1 Nasopharyngeal carcinoma
The report from Massachusetts General Hospital on 17 patients treated with a combination
of protons and photon untreated T4N0-N3 nasopharyngeal carcinoma and followed for a
median of 43 months( Chan & Liebach’ 2008) The median dose to the gross target volume
was 73.6 Gy. The three-year outcomes were as follows: local-regional control, 92%; relapsefree survival, 79%; and overall survival, 74%. Toxicity was not described, so it is difficult to
assess the therapeutic ratio, but the high disease control rates are very promising.
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Fig. 9. (A) The dose distributions achieved with the PT plan (left) and the IMRT plan (right).
There is greater integral dose with the IMRT plan. (B) The dose-volume histogram (DVH)
comparison between the two plans; as apparent from the curves on the far right, the target
coverage was the same for the two plans, but the PT plan delivered a significantly lower
dose to the optic structures, including the chiasm, the lacrimal glands, the retina, and the
optic nerves as well as the brainstem and parotids.

Advanced Radiation Therapy for Head and Neck Cancer: A New Standard of Practice

241

4.1.2 Oropharyngeal carcinoma
The reported from Loma Linda University Medical Center (Slater et al., 2005) on 29 patients
with stage II-IV oropharyngeal cancer treated with a combination of protons and photons to
75.9 Gy/CGE in 45 fractions over 5.5 weeks. The 5-year actuarial locoregional control rate
was 84%. The actuarial 2-year disease-free survival rate was 81%; at 5 years, it was 65%.Late
Grade 3 toxicity was seen in 3 patients (10%).
4.1.3 Nasal cavity and paranasal sinuses
Chan and Liebsch reported on 102 patients with paranasal sinus cancers treated between
1991 and 2002 with PT to a median dose of 71.6 Gy at the Massachusetts General Hospital
and followed for a median of 6.6 years (Chan & Liebach, 2008). Only 20% of patients had a
complete resection prior to RT. The five-year local control rate was 86%; no toxicity
information was offered in this report. Another study from MGH experience reported on 36
patients treated with proton/photon accelerated fractionated RT for paranasal sinus cancers
to a median dose of 69.6 Gy (Weber et al., 2006), the median follow-up was 52 months.
Thirteen patients developed late visual toxicity including cataracts in three patients.Late
Effect Normal Tissue complication ( LENT) grade I vascular retinopathy in one patient,
LENT grade 1 optic neuropathy in one patient, lacrimal duct stenosis in three patients and
dry-eye syndrome in five patients. No patients were reported to have lost vision. These
excellent outcomes suggest the possibility of achieving both high rates of tumor control and
low rates of severe toxicity with PT in sinonasal tumors.
4.1.4 Adenoid cystic carcinoma
The report from Massachusetts General Hospital (Pommier et al., 2006) on 23 patients
treated for adenoid cystic cancer with skull base extension with photon/proton RT. The
median follow-up was 64 months. Twenty patients (87%) had gross disease at the time of
RT. The local control rate at 5 years was 93%. The rate of freedom from distant metastasis at
5 years was 62%. The disease-free and overall survival rates at 5 years were 56% and 77%,
respectively. In multivariate analysis, significant adverse factors predictive for overall
survival were change in vision at presentation (p= .02) and involvement of sphenoid sinus
and clivus (p = .01).One patient developed grade 4 retinopathy. Three patients developed
grade 3 complications requiring surgery including dacrocystorhinostomy in one patient,
surgery for ectropion in one patient, and lens replacement for a cataract in one patient.
These results suggest the possibility of both high rates of disease control and low rates of
severe toxicity with PT alone in adenoid cystic cancer.

5. Stereotactic radiation: LINAC-based and gamma knife
Stereotactic Radiosurgery and radiotherapy are techniques to administer precisely directed,
high-dose irradiation that tightly conforms to target to create a desired radiobiological
response while minimizing radiation dose to surrounding normal tissue. In the case of
radiosurgery (SRS), all of the radiation is done in a single session or fraction, while in
stereotactic radiotherapy (SRT), more than one fraction of irradiation is administered.
Stereotactic technique combines stereotactic localization with multiple cross-fired beams
from a highly collimated high-energy radiation source.
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5.1 Radiosurgery devices
Radiosurgery can be performed using various devices, including the GammaKnife,
modified linear accelerators (Linacs) or particle beam devices.
5.1.1 Gamma knife radiosurgery
The source of GammaKnife come from Cobalt-60, this radioisotope decay and give high
energy gamma ray for radiation treatment. The first prototype unit of Gamma Knife was
created by Leksell and Larson in 1967. It uses a relatively hemispherical array of multiple
fixed cobalt-60 201 sources, that are create small, relatively spherical treatment volumes of
varied diameter with sharp dose falloff ( Figure 10).

Fig. 10. GammaKnife unit and helmet for cobalt-60 201 sources
5.1.2 Linear accelerator based stereotactic radiotherapy (X-knife)
Linear accelerators (Linacs) (Figure 11)can be used for radiosurgery. Most early Linac-based
radiosurgery techniques used multiple radiation arcs with circular collimators to create
spherical dose distributions for three dimensional targets. Improved hardware and
advanced planning software have been developed to enhance conformity. These include
beam shaping with micromultileaf collimators, intensity modulation with inverse treatment
planning algorithms.
5.1.3 Particle beam radiosurgery
The advantage of proton radiosurgery is that the beams stop at a depth related to the beam’s
energy (Bragg peak). The lack of an exit dose and the sharp beam profile of protons allow
target irradiation with lower integral doses than are delivered with photon irradiation.
5.2 Clinical experience for stereotactic radiosurgery in head and neck cancer
More recently, stereotactic radiosurgery ncers both in primary cases (Kawaguchi et al., 2009)
and in recurrent cases(Pai et al., 2002; Low et al., 2006; Roh et al., 2009) The complete
response rates for these studies vary from 8.6-54% with 2-year overall survival rates ranging
from 14.3-41% and 1-year overall survival rates of 18-52.1%. As the ranges of these outcomes
suggest, the heterogeneity between these various studies is large. Various factors, including
tumor stage, tumor volume, adequate irradiation dose, prior treatment, and anatomical site
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Fig. 11. Linac-based radiosurgery machine and circular collimators
complexly, influenced these reported outcomes. Kawaguchi et al ( Kawaguchi et al., 2010)
reported on 22 patients with advanced, recurrent head and neck carcinoma were treated
with stereotactic radiosurgery with the marginal doses of 20-42 Gy delivered in two to five
fractions. At an overall median follow-up of 24 months, for the 14 locally recurrent patients
without lymph node metastases, 9 patients (64.3%) had a complete response (CR), 1 patient
(7.1%) had a partial response (PR), 1 patient (7.1%) had stable disease (SD), and 3 patients
(21.4%) had progressive disease (PD). For the 8 patients with lymph node metastases, 1
patient with a single retropharyngeal (12.5%) had CR; the remaining 7 patients (87.5%) all
progressed. The overall actuarial 2-year survival for the patients with and without lymph
node metastases is 12.5% and 78.6%, respectively.

6. Robotic radiosurgery (CyberKnife)
The CyberKnife (Accuray, Sunnyvale, CA, USA) is a frameless robotic radiosurgery system
that has been utilized by numerous clinicians around the world to treat intracranial and
extracranial tumors (Tate et al., 1999; Voynov et al., 2006; Le et al., 2003; Jansen et al., 2000).
The CyberKnife system consists of a small and compact 6 MV Linac coupled to a
multijointed robotic manipulator with 6 degree of freedom ( Figure 12 ). The current
generation of CyberKnife consists of two precisely calibrated diagnostic x-ray tubes fixed to
the ceiling of the treatment room and two orthogonal flat-panel detector located under the
floor. The CyberKnife depends on a co-registration of digitally reconstructed radiographs
that are generated from CT images and x-ray projections that are captured during the
treatment session. Changes in target position are relayed to the robotic arm, which adjusts
pointing of the treatment beam. The robotic arm moves through a sequence of positions
(nodes). At each node, a pair of images is obtained, the patient position is determined, and
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adjustment are made. CyberKnife was based on tracking of the skeletal anatomy of the skull
and spine. For treatment soft tissue lesion in the body such as lung, liver and prostate,
implanted fiducial was need for target localization and respiratory tracking. The advantages
of the CyberKnife include the ability to deliver radiation without a frame, the feature of
increased fractionation flexibility, and the ability to treat extracranial lesions. Figure 13
shows isodose distribution in nasopharyngeal cancer treated with CyberKnife.

Fig. 12. CyberKnife Robotic Radiosurgery system

Fig. 13. Isodose distribution for nasopharygeal CA treated with CyberKnife.
6.1 Clinical experience of CyberKnife for head and neck cancer
The use of CyberKnife for head and neck cancer is relatively new. Cengiz and colleage
(Cengiz et al., 2010) reported 46 recurrent, unresectable, and previously irradiated headand-neck cancer patients treated with CyberKnife. The local disease control was achieved in
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31 patients (83.8%). The median overall survival was 11.93 months and the median
progression free survival was 10.5 months. One-year progression-free survival and overall
survival were 41% and 46%, respectively. In this study, 8 (17.3%) patients had carotid blowout syndrome, and 7 (15.2%) patients died of bleeding from carotid arteries. The author
discovered that this fatal syndrome occurred only in patients with tumor surrounding
carotid arteries and carotid arteries receiving all prescribed dose. Another report from Korea
(Seo et al., 2009) shown 35 patients with locally recurrent NPC treated using CyberKnife.
The overall survival (OS) rate, local failure-free survival (LFFS) rate, and disease
progression-free survival (DPFS) rate at 5 years were 60%, 79%, and 74%, respectively.
Twenty-three patients achieved complete response after CyberKnife. Only T stage at
recurrence was an independent prognostic factor for OS and DPFS. Five patients exhibited
severe late toxicity (Grade 4 or 5).

7. Conclusion
Modern in Radiation therapy has significant considerable promise to improve cancer
treatment. The benefit of these technologies is able to deliver more radiation to the tumor
and better spares normal tissue and critical structure. It is expected that these modern
radiation therapy will yield improvements in all important outcomes including overall
survival, disease free survival, local control and quality of life for patients. However, most
modern technologies have not been proven to change patients’ ultimate outcome. In
addition, modern radiation therapy may be associated with significant increases in cost to
the patients and the medical system. Therefore, continued careful studied and quantification
of the effects of modern radiation therapy on treatment outcomes is needed so that
definitive statements may be made about its necessity in everyday radiotherapy.
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1. Introduction
The poor clinical results reported when radiotherapy ± chemotherapy for the treatment of
squamous cell carcinoma of the head and neck cancer and other sites such as the cervix is
protracted has been attributed to accelerated repopulation of the tumour (Withers 1988,
Fyles 1992).
Evidence from several pre-clinical studies indicates that the response of normal and
cancerous squamous cells to cytotoxic injury regardless of the cause includes a greatly
increased mitotic rate.
For example, experimental data have shown that the accelerated repopulation response of
squamous epithelia (Dörr 1977) is analogous to the acute response of normal tissue after
injury. It is suggested (Trott and Kummermehr 1991) that squamous cell carcinomas retain
some of the homeostatic control mechanisms characteristic of their tissue of origin.
Similarly, data from this and other studies support the evidence that normal and cancerous
squamous epithelia share the same behaviour in response to injury (Trott and Kummermehr
1991, Denham 1996, Trott 1999). Therefore, the mechanisms responsible for normal tissue
repopulation may be considered relevant for tumour repopulation.
Cell proliferation studies undertaken by Dörr et al. showed that accelerated repopulation of
human squamous mucosa begins as early as 1 week after initiation of treatment (Dörr 2002).
Histologic analysis of human mucosa from head and neck cancer patients during a course of
radiotherapy indicated a considerable decrease in cellular density from approximately 1,000
cells/mm to 500 cells/mm by the end of the first week of treatment. The drop in cellular
density radically slowed in subsequent weeks reaching around 400 cells/mm by the end of
the treatment. This observation suggests that cell loss is overcome by an accelerated
proliferation initiated within the first week of treatment.
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Since the effect of both radiotherapy and chemotherapy results in damage to the DNA of
malignant cells and eradication of irreparably damaged cells, it is likely that prolongation of
treatment results in repopulation of clonogenic/stem cells surviving either treatment. This
also provides a plausible explanation for the much better patient outcomes observed in the
treatment of head and neck cancer when chemotherapy is given concurrently with
radiotherapy than when chemotherapy is given in a neo-adjuvant setting i.e., before
radiotherapy (Munro 1995, El-Sayed 1996). Surgery can also trigger repopulation in
resectable head and neck tumours from undetected tumour foci inadvertently left
behind (Peters 1997).

2. Mechanisms responsible for tumour repopulation
Head and neck cancers respond to the cytotoxic effect of radiation and chemotherapy by
increasing the mitotic rate of surviving stem cells in order to regrow the tumour (figure 1).

Fig. 1. Schematic diagram of the activation and the mechanisms responsible for accelerated
repopulation.
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Cell recruitment from the available pool of non-cycling (quiescent) cells is one plausible
mechanism of tumour regrowth. In addition, other likely mechanisms, named by Dörr the
three A’s of repopulation, include acceleration of stem cell division, abortive division and
asymmetrical loss in stem cell division. Accelerated stem cell division is a process whereby
stem cells shorten the duration of the cell cycle thus resulting in a higher rate of mitosis.
Abortive division is associated with loss of the limited number of cell divisions by stem cells
destined to die, while asymmetrical loss in stem cell division results in stem cells dividing
symmetrically into two stem cells instead of one stem cell and one differentiated cell.
While all of these repopulation processes contribute to accelerated tumour regrowth, the loss
of asymmetrical division has been reported to be the most potent mechanism (Marcu 2004).
One of the latest studies looking at the mechanisms behind accelerated tumour repopulation
showed that apoptotic tumour cells are the trigger for existing tumour cells to regrow
(Huang 2011). The study showed, both in vitro and in vivo, that dying cells stimulate the regrowth of irradiated tumour cells more efficiently than non-irradiated cells. The mechanism
of repopulation was found to be driven by the caspase 3 protease pathway. Head and neck
cancer patient studies have confirmed the findings whereby high levels of caspase 3
expression are associated with a higher rate of tumour recurrence.

3. Strategies to overcome tumour repopulation
The first step to overcome tumour proliferation is to identify patients who are most likely to
benefit from the strategy. Predictive assays of cell kinetic parameters and more recently, PET
imaging using proliferation-specific radioisotopes can be used to identify patients with
highly proliferative advanced head and neck tumours in order to tailor treatment
individually (figure 2).
3.1 Pre-treatment approaches
3.1.1 Predictive assays
The ultimate aim of cancer treatment is towards its individualization because of the
observed large inter-patient variability of tumour response to therapy even in patients with
the same disease characteristics. Pre-treatment assessment of individual tumour parameters
is a necessary first step towards this goal.
Predictive assays to evaluate the proliferative potential of individual tumours have been
developed and applied with limited success in the treatment of patients. The purpose of
assessing the tumour's proliferative potential is to distinguish between rapidly and slowly
proliferating groups of cells within the tumour. Common methods to achieve this goal
include measurements of cell kinetic parameters before treatment such as potential doubling
time (Tpot) and the length of S phase (TS) and to correlate these parameters with the
treatment outcome. Measurement of kick-off time (TK), which represents the time period
from the start of radiotherapy until the initiation of accelerated repopulation, will provide a
window of opportunity for adjustment of the conventional treatment schedule to that of any
one of the 3 altered radiation dose fractionation schedules of (1) accelerated dose
fractionation, (2) hyperfractionation or (3) hybrid hyperfractionated-accelerated
radiotherapy schedules shown in randomised clinical trials to overcome accelerated tumour
repopulation (discussed under Section III.2.1 below).
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Fig. 2. Schematic diagram of pre-treatment and treatment approaches in overcoming
accelerated repopulation.
Flow cytometric methods are common techniques used in the study of various pretreatment
parameters of predictive value in treatment outcomes. Several studies have been undertaken
to assess cell kinetic parameters and their relationships with treatment outcome (Corvo
1993, Bourhis 1996, Eschwege 1997, Begg 1999). The cytometry measurements have been
based on tumour biopsies obtained after intravenous injection of bromodeoxyuridine, which
is a thymidine analogue incorporated in DNA-synthesizing cells. Preliminary results
obtained by Corvo et al (1993) have suggested that Tpot could be a prognostic factor
influencing outcome of radiotherapy in head and neck cancer patients. Although the initial
results were promising, very few further studies have confirmed the utility of Tpot as a
predictor of treatment outcome. Tpot was not the only parameter reported to perform
poorly in predicting treatment outcomes in subsequent studies, the majority of which show
that other cell kinetic parameters such as the length of S phase, and the labelling index also
had poor predictive power. On the other hand, the classic clinical prognostic factors of
tumour stage and nodal status were strongly associated with treatment outcomes. Begg et al
(1999) have established that the only pretreatment kinetic parameter with some association
with local control in head and neck patients was the labelling index (LI), therefore
concluding that pretreatment cell kinetic measurements determined by flow cytometry
techniques provide a relatively weak overall prediction of radiotherapy outcome. Table 1
presents some of the most important cell kinetic parameters characteristic of head and
neck squamous carcinomas.
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The proliferation-associated nuclear antigen, p105, an antigen which identifies only
proliferating cells has been reported to be a potentially useful predictor for loco-regional
control and survival of treated head and neck cancer patients (Fu 1994). The method is also
based on flow cytometry measurements, but instead of pretreatment injections with
thymidine analogues, nuclei suspensions from paraffin blocks obtained from pretreatment
biopsies are prepared and processed for p105 antibody and DNA staining. Subsequent flow
cytometric quantification of p105 labelling indices and DNA content are undertaken and
correlated with radiotherapy outcome. Later studies (Hammond 2003) however, showed no
association between p105 labelling indices, DNA ploidy and treatment outcome.
Cell kinetic parameter

Mean value & range

Publication

Cell cycle time

43.5 hours
(14 – 217)

Malaise 1973

Volume doubling time

57 days
(43-75)

Steel 1977

Potential doubling time (Tpot)

4.5 days
(1.8 – 5.9)

Steel 2002

Kick-off time
(Tk)

21-28 days

Withers 1993

Growth fraction determined by
Ki67 LI (mean/median)

27.8%

Roland 1994

Labelling index
(LI)

9.6%
(5-17)

Steel 1977

Cell loss factor

91%

Steel 1977

Length of the DNA synthesis
phase
(TS)

11.9 hours
(8.8-16.1)

Begg & Steel 2002

Table 1. Cell kinetic parameters for head and neck carcinomas
The growth factor or proliferation rate within a tumour can also be given by the marker
protein Ki-67, which is a nuclear antigen associated with cell proliferation due to its
presence in the nuclei of cycling cells only. A recent study evaluating the prognostic value
of Ki-67 in salivary gland tumours reported better survival rates for patients with lower
Ki-67 values (< 15%) than for those with Ki-67 > 15% (Vacchi-Suzzi 2010). Nevertheless, a
better prognostic indicator, REPP86 (restrictedly expressed proliferation-associated
protein 86), a proliferation marker expressed in several phases of the cell cycle (S, G2 and
M) has been reported in a recent clinical study (Cordes 2010). Retrospective analysis of
REPP86 protein-level expression in patients with laryngeal squamous cell carcinoma, with
a cut-off value between high and low tumour proliferation of 25% (i.e. percentage of
proliferating cells of 25%) REPP86, showed a strong correlation between proliferation and
long-term outcome. Patients with low proliferating activity tumours had a 95.8% overall
survival rate after 5 years, whereas those with rapidly proliferating tumours only had a
23.3% survival rate.
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A property of rapidly proliferating cells is to over-express sigma receptor proteins (Bem
1991). Sigma receptors are proteins with a very complex molecular physiology and they are
involved in several aspects of cancer pathology yet to be elucidated. While the
overexpression of sigma receptors in proliferating cells can be up to 10-times higher than in
quiescent cells (Wheeler 2000), the usefulness of sigma-2 receptors in predicting treatment
outcome in head and neck cancer patients has not been convincing so far. However, based
on their molecular behaviour, these receptors are currently employed in the design of novel
radiotracers. Radiolabelled ligands which bind to sigma-2 receptors are trialled for PET
imaging to provide a quantitative assessment of proliferative versus quiescent cells
in tumours.
To date, cell kinetic measurements have not conclusively established a correlation between
pretreatment parameters and treatment outcomes. While some studies have shown a
relationship between kinetic parameters and radiotherapy end points, the relationship is
weak and worse in predicting treatment outcomes than the classic clinical prognostic factors
(TNM staging classification) or tumour volume reported in other studies (Kurek 2003).
3.1.2 Positron Emission Tomography (PET) imaging with proliferation-specific
radioisotopes
As previously mentioned, cell kinetic measurements have certain drawbacks including the
need to establish a correlation between pretreatment parameters and treatment outcomes
and inherent delays in obtaining results which have a potential for influencing treatment
outcomes. There is, therefore, a great need for developing a more reliable tool which can
accurately and expeditiously identify the proliferative potential of tumours. Functional
imaging techniques employing proliferation kinetics-specific markers are being trialled with
promising results (for a literature review see Marcu 2011).
The most common radiopharmaceutical used in Positron Emission Tomography for
functional imaging is 18F-FDG (fluorodeoxyglucose), a glucose analogue which is absorbed
by cells with increased metabolism (reflected in high glucose consumption) such as
malignant cells. There is strong evidence of the effectiveness, specificity and sensitivity of
FDG in head and neck tumours. Based on a compilation of clinical studies Chiti et al (2010)
reported a range of between 93-100% sensitivity and 90-100% specificity for the primary site,
validating the use of this radioisotope for tumour staging, identification of the primary site
of origin (if unknown) and for assessment of treatment response.
Despite its widespread use, 18F-FDG has its limitations, particularly in quantifying tumour
proliferation. Tumour proliferation-specific markers were used to develop new PET
radiotracers in order to enable sub-volumes to be targeted for more aggressive treatment. To
date, radiotracers employed for PET imaging of cellular proliferation in solid tumours can
be divided into two categories: (1) thymidine kinase-1 based radiotracers which quantify the
S-phase fraction, i.e. cells undergoing DNA synthesis during tracer uptake and (2)
radiolabelled sigma-2 receptor ligands which quantify the ratio of proliferating versus nonproliferating tumour cells (Mach 2009).
Reactive lymph nodes are a common source for false-positive results in head and neck
cancer patients. This factor confounds the interpretation of 18F-FDG PET imaging as it does
not distinguish between uptake in tumour and inflammatory cells (Abgral 2009, Corry
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2008). To overcome this limitation of 18F-FDG PET imaging, a new marker has been
investigated which allows for uptake in actively proliferating tumour cells and
inflammatory cells to be differentiated. The tumour proliferation marker, 3’-Deoxy-3’[18F]fluorothymidine (FLT) is phosphorylated by thymidine kinase 1 (TK-1), an enzyme with
high activity in proliferating cells. Being a key enzyme in DNA synthesis, TK-1 presents
with a peak activity during the S phase of the cell cycle, thus making the radiolabelled FLT a
possible candidate for the imaging of cellular proliferation.
In a recent study conducted by Troost et al (2010) FLT was employed to evaluate subvolumes of tumour with high proliferation in ten patients with oropharyngeal carcinoma.
The patients underwent 18F-FLT-PET scans before and during radiotherapy which helped in
identifying sub-volumes of high proliferative activity within the gross tumour volume,
enabling the radiation dose to be escalated in the highly proliferative tumour sub-volume in
the treatment plan using intensity modulated radiotherapy.
The results of a kinetic analysis involving 18F-FLT were reported by Menda et al (2009) in
eight head and neck cancer patients before and 5 days after chemoradiotherapy (i.e. after
10Gy radiotherapy and one cycle of chemotherapy). The intense initial 18F-FLT uptake by
the tumour showed a significant reduction after 5 x 2 Gy of radiotherapy (mean SUV60
decreased from 2.53 ± 0.80 to 1.31 ± 0.67 between pre-treatment and mid-treatment scans),
with the changes correlating with decrease in thymidine kinase activity after treatment.
Though the number of patients involved in the study was small, the data are compelling
particularly if confirmed by other studies.
One of the limitations when using thymidine analogues to assess tumour proliferation with
PET imaging is dictated by the level of TK-1 activity of cells in the cell cycle. While in
normal cells TK-1 is active in the S-phase, thus allowing quantification of cells undergoing
DNA synthesis, regulation of TK-1 varies among tumours (Schwartz 2003). To characterize
the proliferation activity of oral cancers, a recent study conducted by Troost (2010b) aimed
to validate 18F-FLT-PET against immunohistochemical expression of the TK-1. It was shown
that despite the TK-1-positive staining in most tumours, the intensity of the staining was
weak and no correlation was found between TK-1 activity and 18F-FLT uptake. The lack of
correlation was attributed to differences in biomarker characteristics, methods of
quantification and also in the resolution of the imaging modalities used. Nevertheless, the
high TK-1 labelling indices (50%-80%) obtained from other tumour sites (such as breast, and
non-small cell lung) should stimulate further studies of immunohistochemical staining for
TK-1 in head and neck carcinomas (He 2004, Mao 2005).
As mentioned above, another group of tumour proliferation-specific radiopharmaceuticals
are radiolabelled sigma-2 receptor ligands. PET imaging with radiolabelled sigma-2
receptor ligands was shown to offer superior tumour specific information compared to
thymidine kinase-1 based radiotracer imaging (Rowland 2006, Mach 2009). While their
molecular function is still not fully understood, the evidence of sigma-2 receptor
overexpression in proliferating cells offered the possibility of designing new agents for
PET imaging.
Both 11C- and 18F-labelled sigma receptor ligands have been investigated with varying
results (Mach 2009). While tumour uptake studies with 11C-13 showed high uptake and
good image contrast (Mach 2009b), 11C-labelled compounds have the disadvantage of short
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half life of the radioisotope 11C (20.38 min) as compared to 18F (109.77 min). This drawback
leads to a lower tumour to normal tissue ratio when 11C agents are employed as image
analysis after tracer injection is limited by the shorter half life of 11C compared with 18F. Tu
et al (2007) investigated the effectiveness of fluorine-18-labelled benzamide analogues in
imaging the sigma receptor status of solid tumours. Pre-clinical results demonstrated
excellent tumour uptake at 5 min post-injection (2.5 − 3.7% ID/g percent injected dose per
gram of tissue) which remained high 1 hour post-injection (1.2 – 2.7% ID/g) as compared to
normal tissue uptake.
Another long-lived radioisotope evaluated in vivo is 76Br, with a half life of 16.2 h and high
affinity for sigma 2 receptors. A study conducted by Rowland (2006) compared the
proliferation-specific imaging potential of 76Br-labelled ligands with the more established
18F-FLT. Although tumour uptake of the two compounds is driven by different mechanisms
(76Br-labelled sigma 2 receptors upregulation versus 18F-FLT phosphorylation by TK-1
enzyme in proliferative tumours) a semi-quantitative comparison between their imaging
characteristics allowed an assessment of their clinical utility in detecting tumours with high
proliferative activity. It was found that 2 h after injection of the 76Br labelled sigma 2
receptor-affinic agent, not only was tumour to normal tissue ratio (9x) higher resulting in
better tumour visualization but also the metabolic clearance of non-specifically bound
radioactive compounds was faster compared with 18F-FLT. Although the clinical use of 76Br1 has been investigated in mammary adenocarcinoma cell lines, the relatively high tumour
to normal tissue uptake ratio in head and neck cancer suggests the potential utility of 76Br in
tumour proliferation imaging of head and neck cancer.
A novel proliferation-specific radiotracer, 18F-ISO-1, is trialled by Washington University
School of Medicine in a study which is currently recruiting patients with one of the
following three conditions: breast cancer, head and neck cancer and diffuse large B-cell
lymphoma (ClinicalTrials.gov Identifier: NCT00968656). The primary goal of the trial is the
"Assessment of Cellular Proliferation in Tumors by Positron Emission Tomography (PET)
using [18F]ISO-1 (FISO PET/CT)" and the evaluation of the diagnostic quality of [18F]ISO-1PET/CT images at the proposed 8 mCi dose. The trial also aims to quantify the relationship
between tumour 18F-ISO-1 uptake and various cellular proliferation markers and metabolic
indicators such as: Ki-67, S-phase, mitotic index and sigma-2 receptors content of the tumour
as secondary outcome measures.
Further studies are encouraged for the clinical validation of the existing radiotracers and for
the development of new, tumour proliferation-specific PET markers for head and neck cancer.
3.2 Treatment approaches
As stated previously, an important outcome of pre-treatment assays is the identification of
patients most likely to benefit from altered fractionation radiation therapy. While patients
with highly proliferating head and neck tumours have been shown to gain from accelerated,
hyperfractionated or combined accelerated and hyperfractionated radiotherapy alone or
conventional radiation treatment schedules in combination with cytotoxic chemotherapy,
patients who have tumours with low proliferation potential can be successfully treated with
conventionally fractionated radiotherapy alone or in combination with cytotoxic
chemotherapy.
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3.2.1 Altered radiation fractionation schedules
In the treatment of head and neck cancer, three approaches to altering the schedule of
conventional radiotherapy of 1.80 – 2.00 Gy week-daily dose increments have resulted in
improved locoregional control without increasing late normal tissue complication rates
based on randomised clinical trial data (as discussed and summarised in Table 2). These
approaches are (i) accelerated fractionation dose schedules, (ii) hyperfractionated
accelerated dose schedules and (iii) a hybrid of (i) and (ii) or hyperfractionated accelerated
dose schedules.
An accelerated radiation dose schedule is one which is designed to shorten the duration of
treatment without changing the fraction size or total dose. The ones successfully trialled
have involved twice daily fractionation during some of the weekdays or once daily dose
delivery six instead of the usual five days a week for conventional radiotherapy (Hlinak
2000, Overgaard 2000, see Table 2 for details).
Study
(i)
Hyperfractionation
studies
RTOG – Fu et al, 2000

No of
Experimental #
Patients
1,073
81.6 Gy/68#/6.8
weeks, treating
2x/day

Standard #

Outcomes

70
Gy/35#/7
weeks

Improved local control
without increased late normal
tissue complications although
acute mucosal reaction
enhanced.

Toronto – Cummings et
al, 2000

331

58 Gy/40#/4 weeks,
treating
2x/day

51
Gy/20#/4
Weeks

Improved local control
without increased late normal
tissue complications although
acute mucosal reaction
enhanced.

EORTC – Horiot et al,
1992

356

80.5 Gy/70#/7 weeks, 70
treating 2x/day
Gy/35#/7
weeks

Improved local control
without increased late normal
tissue complications although
acute mucosal reaction
enhanced.

Pinto et al, 1991

98

70.4Gy/64#/6.5
66
Improved local control
weeks, treating 1x/day Gy/33#/6.5 without increased late normal
weeks
tissue complications although
acute mucosal reaction
enhanced.

(ii) Accelerated
fractionation studies
Hliniak et al, 2000

395

66 Gy/33#/5.5 weeks 66
Improved local control
treating 2x/day on one Gy/33#/6.5 without increased late critical
of 5 week days only
weeks
normal tissue complications
although acute mucosal and
skin reactions enhanced.

DAHANCA 6 & 7 –
Overgaard et al, 2000

1,485

~ 66 Gy/33#/6 weeks, ~ 66
treating 6 days a week Gy/33#/7
weeks

Improved local control
without increased late critical
normal tissue complications
although acute mucosal and
skin reactions enhanced.
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Skladowski et al, 2000

Jackson et al, 1997

(iii) Hyperfractionated
accelerated studies
A. Continuous
hyperfractionated
accelerated studies
TROG – Poulsen et al,
2001

No of
Experimental #
Standard #
Outcomes
Patients
100
~ 70 Gy/35#/5 weeks, ~ 70
Increased local control and
treating 7 days a week Gy/35#/7
overall survival but at
weeks
expense of increased serious
late normal tissue
complications consequential
to severe acute mucosal
reactions.
82

350

GORTEC – Bourhis et
al, 2000
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UK – Dische et al, 1997

918

b. Split Course
accelerated studies
RTOG – Fu et al, 2000

1,073

EORTC - Horiot et al,
1997
c. Concomitant boost
accelerated
hyperfractionated
studies
MD Anderson – Ang et
al, 2001
RTOG – Fu et al, 2000

500

151

1,073

66 Gy/17#3-4 weeks,
treating 2x/day on
each of 5 week days

66
Trial abandoned because of
Gy/34#/6-8 unacceptable severe mucosal
weeks
toxicity preventing evaluation
of treatment efficacy.

No difference in local control
59.4 Gy/36#/3.5
66
but reduced late normal
weeks treating 2x/day Gy/33#/6.5 tissue complications
weeks

63 Gy/35#/3.3 weeks 70
treating 2x/day
Gy/35#/7
weeks

Improved local control
without enhanced late normal
tissue

No difference in local control
66
but reduced late normal
Gy/33#/6.5 tissue complications
weeks
67.2 Gy/42#/6.2
No improvement in local
weeks treating 2x/day 70
control and no worsening of
in 2 phases with 2
late normal tissue
Gy/35#/7
week break between
complications
weeks

54 Gy/36#/2 weeks
treating 3x/day

72 Gy/45#/5 weeks
treating 3x/day in 2
phases with 2 weeks
break in between

70
Gy/35#/7
weeks

63 Gy/35#/5 weeks,
treating 2x/day
during last 2 weeks

63
Gy/35#/7
weeks

72 Gy/30#/6 weeks
treating 2x/day
70
duri8ng last 2.5 weeks Gy/35#/7
weeks

Increased local control but at
expense of enhanced late
critical normal tissue
complications
No statistically significant
difference in local control or
late normal tissue
complications for whole
patient group
Improved local control
without enhancement of late
normal tissue complications

Table 2. Phase III randomised trials of altered (experimental #) versus conventional
(standard #) dose fractionation for radiotherapy of head and neck cancer
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A hyperfractionated radiation dose schedule involves the use of lower dose fractions
(typically 1.1 – 1.2 Gy) usually two times a day separated by at least 6 hrs between the dose
fractions compared with the conventional 1.80 – 2.00 Gy once daily 5x/week. It is designed
to enable higher total radiation doses to be delivered for improved local control without
incurring increased normal tissue complication rates by exploiting the better ability of
normal versus malignant cells to repair radiation damage between the multiple fractions
provided a minimum time (of at least 6 hours) is allowed for the repair to occur (Fu 2000,
Cummings 2000, Horiot 1992, Pinto 1991 as in Table 2). Strictly speaking the standard
treatment arm of the Toronto hyperfractionation trial (Cummings 2000) does not fall within
the definition of conventional dose fractionation because the treatment is delivered in 2.55
Gy once daily 5x/week and therefore incorporates a degree of acceleration but as the
hyperfractionated treatment also involves the delivery of higher (1.45 Gy) than the typical
1.1 – 1.2 Gy twice daily fractions 5x/week, the study nevertheless provides data for a valid
comparison of the hyperfractionation component.
By incorporating the radiobiological rationale of hyperfractionation and acceleration, hybrid
hyperfractionated accelerated radiation schedules have been successfully trialled including
treatment schedules of only two weeks duration albeit with up to an 18% reduction in total
dose (Poulsen 2000, Bourhis 2000, Dische 1997, Fu 2000, Ang 2001 see Table 2 for details).
A dose reduction is necessary with hybrid schedules because for pure accelerated dose
schedules, it has not proved possible to treat twice daily each week day nor to shorten the
duration of treatment by two weeks treating daily, 7 days a week. This was because acute
mucosal toxicity proved to be dose limiting which not only led to the abandonment of one
of the pure accelerated dose fractionation trials but also resulted in increased rate of late
normal tissue complications as a consequence of severe acute toxicity in another (Jackson
1997, Skladowski 2000, see Table 2 for details).
3.2.2 Combined chemotherapy and radiotherapy and the sequencing of the
treatments
Whilst an optimal treatment regimen combining multiagent chemotherapy and
radiotherapy is yet to be developed, clinical trials have established that platinum-based
chemotherapy in combination with radiotherapy results in superior outcomes for locally
advanced head and neck cancers compared with other cytotoxic agents in combination with
radiotherapy or radiotherapy alone.
Cisplatin is among the most effective cytotoxic agents in head and neck cancer, with single
agent response rates ranging from 25% to 30% (Schwachöfer 1991). Cisplatin interacts with
cellular DNA to form interstrand and intrastrand crosslinks which then inhibit DNA
replication and RNA transcription, leading to sublethal or lethal DNA breaks. Though
inhibition of DNA synthesis implies S phase arrest, cells are blocked in the G2 phase of the
cell cycle before dying (Sorenson 1990). The major mechanism of cisplatin-induced cell
death is apoptosis.
In vivo studies examining the effects of combined cisplatin-radiotherapy concluded that the
primary interaction between the two agents is the cisplatin-induced increased oxygenation
of the hypoxic cells (Yan & Durand 1991). It was therefore suggested that cisplatin should be
delivered before, rather than after irradiation. In addition, cisplatin administered daily with
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fractionated radiotherapy leads to improved tumour control compared with weekly
cisplatin chemoradiotherapy. Trial designs have evolved together with better knowledge of
the radiobiology and the implementation of novel treatment techniques. While in the 70s
cisplatin was trialled as a single-agent, in the 80s and 90s the drug was combined with
conventional radiotherapy. Later, radiobiological developments on the correlation between
hypoxia, repopulation and treatment failure led to new radiotherapy schedule designs
which altered the conventional fractionation pattern. Nowadays, for head and neck cancer
patients, cisplatin is administered concurrently with either hyperfractionated or accelerated
radiotherapy, employing intensity modulated techniques (IMRT) (see Table 3).
Clinical
trial/study
Phase III trial
(SAKK 10/94)
224 patients

Trial/study design

Treatment regimen

Observations

Concomitant cisplatin
and hyperfractionated
radiotherapy versus
hyperfractionated
radiotherapy alone

RT: median total dose,
74.4 Gy; 1.2 Gy twice
daily; 5 days per week
Chemo: two cycles of
cisplatin (20 mg/m2
for 5 consecutive days
during weeks 1 and 5)

Accelerated

RT: IMRT with
simultaneous
integrated boost (67.5,
60, and 54 Gy in 30
daily fractions of 2.25,
2, and 1.8 Gy)
Chemo: cisplatin 40
mg/m2 weekly or 100
mg/m2 every 3 weeks
during radiotherapy.
+ weekly cetuximab (3
RT: 72 Gy over 6
weeks
Chemo:100 mg/m2 on
days 1 and 22

Locoregional failure-free
survival at 10 years (40%
vs 32%); metastasis-free
survival (56% vs 41%);
cancer-specific survival
at 10 years (55% vs 43%)
in the combined arm vs
radiotherapy alone.
No difference in late
toxicity.
Significantly improved
treatment outcome in the
combined arm.
Complete response:
74.4%; estimated 5-year
locoregional control
82%;
Tolerable acute and late
toxicities.
IMRT with simultaneous
integrated boost with
concurrent chemotherapy
improved local and
regional control.

Ghadjar 2011
Clinical study
43 patients

radiotherapy with

concurrent
chemotherapy

Montejo 2010
Phase II trial
(RTOG 99-14)
84 patients
Garden 2008

Concomitant boostaccelerated radiation
regimen with cisplatin

2- and 4-year
locoregional failure
rates: 33% and 36%; 2and 4-year survival
rates: 70% and 54%
Worst overall late Grade
3 or 4 toxicity rate 42%.
A Phase III trial
comparing AFX-C plus
cisplatin against standard
radiation plus cisplatin has
completed accrual.
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Trial/study design

Treatment regimen
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Observations

Concurrent
chemotherapy and
Intensity Modulated
Radiotherapy

RT: median
prescribed dose 70 Gy
at 2.12 Gy/fraction to
the PTVGTV; 59.4 Gy at
1.8 Gy/fraction to the
PTV of high-risk
subclinical disease
Chemo: 2 to 3 cycles
of cisplatin (100
mg/m2 intravenously
within 2 days every 3
weeks)

The 2-year local
progression-free
survival: 86%; regional
progression-free
survival: 94%; overall
survival 63%.
Grade 2 (and higher)
mucositis occurred in
48% of patients; all had
Grade 2 or higher
pharyngitis during
treatment.

Phase III trial

Conventional

192 patients
(oropharynx)

(arm A)
versus
Accelerated
hyperfractionated

RT: Arms A and C: 66
to 70 Gy in 33 to 35
fractions
Arm B: 64 to 67.2 Gy
in two fractions of 1.6
Gy every day with a 2
weeks split after
38.4Gy
Chemo: 3 cycles of
carboplatin (75 mg/m2
on days 1 to 4) and 5FU (1000 mg/m2 on
days 1 to 4) every 28
days

Locoregional control:
Arm A+B: 20%
Arm C: 48%
Toxicity: Arm C showed
slightly more grade 3
side effects.
Patients with advanced
oropharyngeal cancers
should be treated with
combined chemoradiotherapy.

31 patients
(larynx and
hypopharynx)

Lee 2007

radiotherapy

radiotherapy

(arm B)
versus
Concomitant

radiotherapy and

Fallai 2006

chemotherapy
(arm C)

Table 3. Concurrent chemo-radiotherapy regimens employing IMRT techniques
The general consensus regarding the concurrent administration of cisplatin-based
chemotherapy with radiotherapy (usually IMRT) derived from the above-presented clinical
studies is in favour of chemo-radiotherapy (as compared with radiotherapy alone). Phase II
trials and small studies showed that further investigations employing novel treatment
regimens are warranted. Therefore, as probably expected, phase III trials have proven the
superiority of the combined chemo-altered fractionation radiotherapy as opposed to
radiotherapy as single agent, particularly with respect to improved locoregional failure-free
survival. Since locoregional failure is still a clinical challenge in the treatment of
advanced head and neck cancer, more improvements in the rate of failure-free survival are
desperately needed.
In order to reduce normal tissue toxicity, a recent phase II prospective trial has investigated
the tumoricidal effect of standard dose weekly cisplatin (30 mg/m2 once a week over 7-8
weeks) given concurrently with radiotherapy. Despite the low-dose drug regimen (the usual
dose of cisplatin is 100 mg/m2 per three weekly cycle) tumour control was high, with a
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locoregional control rate of 82% and a 5-year disease-free survival of 62% (Rampino 2011).
Major acute toxicity (grade 3-4 mucositis) was observed in 35.2% of patients and mild late
reactions occurred in 16% of patients. These results warrant further studies in a phase III
randomised trial.
Beside concurrent chemo-radiotherapy, cisplatin and cisplatin-based chemotherapy have
been trialled as neoadjuvant chemotherapy for definitive local treatment and for the
management of distant metastases (Caponigro 2002, Posner 2005, Glynne-Jones 2007,
Finnegan 2009). Induction chemotherapy has the potential to reduce the rate of distant
metastases and to improve survival via the additional drug dose which targets both the
systemic disease and the primary tumour (Paccagnella 2010). An overall response rate of
79% was achieved with induction chemotherapy consisting of two cycles of cisplatin on day
1, plus 5FU on days 2-5, with a 10-day interval between the two cycles (Zidan 1997). A
similar result was obtained by Finnegan et al (2009), achieving an overall response rate of
75% with cisplatin- fluorouracil as induction therapy in patients with advanced head and
neck cancers. A phase II randomized trial also employed a cisplatin-based neoadjuvant
therapy, with cisplatin given on day 1 and 5FU-based chemotherapy on day 2, repeated
every 2 weeks for four cycles (Caponigro 2002). Tumour response evaluation showed a
complete response rate of 35%, which was deemed encouraging though unacceptable for
further clinical implementation. Some trials have shown that the addition of 5-Fluorouracil
and taxanes to neoadjuvant cisplatin further improves survival. The EORTC 24971/TAX 323
phase III trial employed cisplatin-based induction chemotherapy with and without taxanes
in 358 advanced head and neck cancer patients, showing a 27% lower risk of death in the
taxane arm (Vermorken 2007).
While all the abovementioned trials and studies employed injectable cisplatin, either
intravenous or intra-arterial, with no significant differences in outcome between the two
ways of administration (Ackerstaff 2011), physicians are striving to reduce normal tissue
toxicities and unwanted side effects by trialling new ways of cisplatin administration. A
recent dose-escalation trial administered oral cisplatin (CP Ethypharm®) in combination
with radiotherapy to 18 head and neck cancer patients (Tao 2011). Four cisplatin dose
levels were tested: 10 mg/m2/day in 4 patients; 15 mg/m2/day in 4 patients, 20
mg/m2/day in 5 patients and 25 mg/m2/day in 5 patients. Dose limiting toxicities were
experienced at 25 mg/m2 with the most frequent adverse events being gastrointestinal
disorders. Therefore the dose recommended for phase II trial is 20 mg/m2/day. Further
clinical investigations are warranted to demonstrate the role of oral cisplatin in reducing
the rate of adverse events.
Although chemo-radiotherapy has lately replaced radiotherapy for the management of
advanced head and neck cancer, the optimal chemo-radiotherapy treatment regimen is yet
to be established. While some trials showed promising results with concurrent chemoradiotherapy, others suggest that loco-regional control can be improved with induction
chemotherapy. However, meta-analyses of randomised trial data show that better treatment
results are obtained when chemotherapy is administered concurrently with radiotherapy
compared with chemotherapy given in a neoadjuvant setting (Munro 1995, El-Sayed 1996).
Irrespective of the employed treatment, in order to overcome accelerated tumour
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repopulation, treatment gaps should be avoided and the timing of chemotherapy should be
well designed. Cisplatin-based chemotherapy has the potential to partially synchronise cells
in the cell cycle because of cisplatin’s inherent characteristic of arresting cells in the G2
phase of the cell cycle. Given that cells in late G2 have high radiosensitivity, irradiation
would be more effective if started before the next mitotic cycle. Furthermore, the
effectiveness of induction chemotherapy could possibly be increased by starting
radiotherapy as soon as tolerable to avoid tumour repopulation negating the gain in locoregional control.
3.2.3 Targeted therapies
A major disadvantage of chemoradiotherapy in the treatment of locally advanced head and
neck cancer is the increased normal tissue toxicity, particularly to the mucosa lining the
upper aero-digestive tract. Whilst younger, fitter patients may be able to be medically
supported during the treatment, older patients and particularly those with medical comorbidities may be intolerant of the treatment regimen or refuse to continue it.
Fortunately, since the general acceptance of carcinogenesis as a multi-step event involving
the deregulation of molecular pathways as a result of dysfunction of oncogenes and tumour
suppressor genes (Hahn & Weinberg 2002), there has been a rapid increase in the number of
therapeutic agents which target the “hallmarks of cancer” (Hahn & Weinberg 2011). These
hallmarks include growth factor independence and insensitivity to growth suppressor
signals leading to unrestricted proliferation, evasion of apoptosis, sustained angiogenesis,
immortality and tissue invasiveness and metastasis.
Targeted therapies can be defined as the agent(s) which are designed to inhibit if not
eliminate one or more the characteristics or hallmarks of cancer. These target specific
agent(s) should spare normal tissues such as the mucosa of the entire digestive tract from
the effects of chemotherapy and of the upper aero-digestive tract from the combined effects
of chemo-radiotherapy although unexpected normal tissue effects have been reported
(discussed below). Despite the absence of significant normal tissue toxicity, it is likely that a
combination of agents will be needed as resistance to single agents is often inevitable as
judged by later reports of the initially promising results of trastuzumab, a monoclonal
antibody against one of the epidermal growth factor receptors, HER 2 in the treatment of
metastatic breast cancer (Jones & Buzdar 2009) and imatinib, a tyrosine kinase inhibitor
which targets the oncogenic protein BCR-ABL expressed at high levels in chronic myeloid
leukaemia (Gorre 2001).
With respect to the treatment of locally advanced head and neck cancer, high dose
radiotherapy combined with cetuximab, a monoclonal antibody against another epidermal
growth factor receptor (EGFR) HER 1 associated with signalling pathways for cellular
processes such as proliferation and differentiation has been shown to improve locoregional
control and survival without increasing normal tissue toxicity compared with high dose
radiotherapy alone (Bonner 2006). In this landmark clinical trial, 213 patients were
randomised to radiotherapy alone and 211 patients to radiotherapy with cetuximab. The
addition of cetuximab to radiotherapy significantly increased 3 year loco-regional control
rates from 34% to 47% and overall survival rates from 45% to 55%. The main toxicity
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experienced by patients who received cetuximab was an acne-like rash and rather
surprisingly sub-group analysis revealed that overall survival was better in patients with a
moderate to severe (Grade ≥2) rash compared with patients who had no or a mild (Grade 0
or 1) rash. This finding opens up new possibilities for further minimizing the effects of
tumour cell repopulation particularly as the improved treatment outcomes with Cetuximab
in combination with high dose radiotherapy matches the best results of chemoradiotherapy
without the increased normal tissue toxicity. For example, a randomized Phase III trial
under the auspices of the Radiation Therapy Oncology Group (RTOG) comparing the
addition of Cetuximab to accelerated radiotherapy and cisplatin chemotherapy versus
accelerated radiotherapy and cisplatin chemotherapy for locally advanced head and neck
cancer has been reported (RTOG 0552, 2007).
With advances in high throughput technology, gene microarray analysis is being used to
predict tumour response to treatment thus heralding a future in personalised medicine
(West 2007). Microarray technology used to derive a gene expression profile or signature
from tumour samples has been shown to be a more powerful predictor of outcome of
breast cancer in young patients than clinico-pathological staging systems (van de Vijver
2002). A small study of head and neck cancer patients treated by surgical excision
reported that gene expression analysis of the tumour samples based on 205 genes
discriminated between seven patients who recurred distally and eight patients who had
no recurrence (Giri 2006). The implication of the study is that patients without the
signature would be spared the toxicity of chemotherapy, particularly if the findings are
confirmed in a larger study.
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1. Introduction
According to the chemical carcinogenesis hypothesis (Husgafvel-Pursiainen, 2004) (Loeb &
Harris, 2008) chemical carcinogens exert their activity by penetrating cells, cell nuclei and
interact with DNA generating DNA lesions such as single- or double-strand DNA breaks
and DNA base modifications (adduction, substitution, base oxidation). DNA lesions when
not removed are fixed as DNA mutations. Mutations as alterations of DNA structure are
responsible for a change of the genetic information and the same remain the key step in
carcinogenic transformation of cells. The whole process of carcinogens metabolism in a cell
proceeds under enzymatic control (Fig.1). The first step known as metabolic activation
provides changes in carcinogen molecule into better solubility and higher reactivity with
detoxifying enzymes. Only few chemical carcinogens can omit this step and react directly
with the enzymes. The second step being a detoxification proper consists of enzymatic
conjugation of activated carcinogens and removal carcinogen metabolites out of a cell. This
step is highly efficient and usually over 90% of exogenous compounds are being removed.
At this stage the activated carcinogens are capable to react with DNA but still detoxification
remains the main pathway when a reactivity towards DNA is less likely. Generation of
DNA lesions is automatically followed by DNA repair.
The process of DNA repair is recognized as the last line of a cell defense against
mutagens/carcinogens. DNA repair is carried into effect on separate pathways adjusted to a
type and extent of DNA damage, and the cell cycle (Jenkins et al., 2010). A most commonly
accepted categorization of DNA repair mechanisms is shown in Table 1. To comment a
multitude of DNA repair mechanisms, a direct repair, DNA excision repair and
recombination repair are specialized in dealing with various types of DNA lesions at first
instance. Mismatch DNA repair pathway works later to remove DNA lesions remaining
after processing by the above mentioned mechanisms or emerge late in the cell cycle.
Recombination repair is involved both in DNA and chromosome repair. SOS-repair acts
only when DNA lesions occur abundantly.
There are roughly 4000 chemical compounds occurring in tobacco smoke. Carcinogenic
properties were attributed up to 60 constituents carcinogenic properties. The main
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carcinogens of tobacco smoke are: polycyclic aromatic compounds (with benzo/a/pyrene as
the best known example), aromatic amines, N-nitrosamines and reactive oxygen species
(Talhout et al., 2011). The molecular aspects of carcinogenesis generated by tobacco smoke is
relatively well recognized (Hecht, 2003; Husgafvel-Pursiainen, 2004). Lesions generated by
tobacco smoke carcinogens include single-strand DNA breaks, adducts carcinogen:DNA
and oxidative DNA damage. Any preference to a specific DNA sequence was not
established. Anyway, guanosine residue was found to be the most sensitive DNA element
for carcinogen attack. Regardless a lack of sequence specificity an attention was focused on
lesions generated in cancer-related genes. TP53 lesions and mutation were studied most
efficiently. A direct relation between benzo/a/pyrene:guanosine adducts formation
generating later on G:C to T:A mutations was proven in the case of TP53 (Denissenko, 1996).
Further, studying cancer-related genes a pattern of mutations derived from tobacco smoke
exposure was identified in TP53 and other genes (Le Calvez et al., 2005).

Fig. 1. Carcinogen metabolic pathways and health effects.
An epidemiological evidence for a causative contribution of tobacco smoking to cancer of
lung or larynx as well as an increased risk to develop many types of cancers among tobacco
smokers has been provided long ago (Vineis et al., 2004). A strong association between
tobacco smoking and cancer risk leads to an opinion on predominance of exogenous factors
over genetic background (Le Marchand, 2005). On the other hand, only a minority of
smokers develop any type of cancer. Hence, it was deduced that a combination of
exogenous exposure and individual predisposition is responsible for carcinogenic
transformation (Taioli, 2008). An extensive review of cancer genes divided into contributing
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Type

Subtype

Direct repair
Excision repair

Recombination repair

restricted to a few lesions
Base excision repair (BER)

removes majority of lesions

Nucleotide excision repair
(NER)

as above

Homologous end joining

repair of DNA and
chromosomes

Non-homologous end joining

as above
specialized in removal
mispairing of DNA bases

Mismatch repair
Transcription-coupled repair

preference for actively
transcribed genes, fast

Global repair

slow repair of overall genome

SOS repair
FA

Comment

mutation-prone system
Homologous recombination

ICL removal

Table 1. Classification of DNA repair pathways.
to cancer risk and connected with cancer progression was written by Vogelstein and Kinzler
(2004). An impact of genetic factor on health effects of tobacco smoking was also discussed
more specifically in relation to head and neck cancer (Badawy et al., 2008; Rossing, 1998). As
such specific genes as BRCA1 or APC involved in breast and colon cancer, respectively, were
not discovered in head and neck cancer, an attention was paid on so-called “lowpenetration” genes, mainly those involved in carcinogens processing. Within the group of
low-penetration genes a potential significance of DNA repair genes was admitted (Livneh et
al., 2005). The latter author points at the key function of DNA repair that is removal or bypass the damaged sites to restore the original structure and function.

2. Genotype versus phenotype
A comparison of tumor cells with normal cells has shown that the level of damage is higher
in neoplastic cells. An observation was applicable to various types of damage including
single-strand DNA breaks, carcinogen:DNA adducts, DNA mutations, chromosome
aberrations and others. Next, an observation was extended also on other cells including
peripheral blood lymphocytes derived from cancer subjects compared to those from healthy
individuals. The latter observation has got a substantial significance as blood lymphocytes
are commonly used as a surrogate material for biological analysis obtainable on noninvasive way (Phillips, 2005). However, the early results concerning a high level of DNA
lesions and chromosome aberrations in cancer subjects posed a fundamental question
concerning a role of former exposure to carcinogens confronted with an impaired DNA
repair. Although some papers ignored an impact of DNA repair, their authors brought into
light a differentiation between active and passive smoking as a source of carcinogens
(Phillips, 2002), location of an organ exposed (Hainaut, Olivier, & Pfeifer, 2001) or exposure
threshold (Jenkins et al., 2010).
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On the other hand an early paper from M.R. Spitz group (Wei, Cheng, Hong, & Spitz, 1996)
dealed with DNA repair in lung cancer subjects. DNA repair capacity was estimated in
peripheral blood lymphocytes using host-cell reactivation assay, which measures cellular
reactivation of a reporter gene damage to exposure to activated benzo/a/pyrene. The mean
level of DNA repair was significantly lower in subjects than in controls. The final conclusion
was that individuals with reduced DNA repair level are at an increased risk to develop lung
cancer. Applying the same method the study was repeated on head and neck subjects. A
reduced DNA repair capacity was shown when 55 newly diagnosed, untreated head and
neck subjects were compared to 61 healthy controls (Cheng et al., 1998).
Following years have provided several papers documenting impairment of DNA repair
potential in association with cancer. Alternative methods were shown to be useful to study
DNA repair impairment. Schmezer et al. (2001) applied comet assay to study bleomycininduced damage in peripheral blood lymphocytes. Lung cancer blood donors (100 cases)
were found more sensitive for such damage in comparison with healthy donors (110). High
mutagen sensitivity in cancer subjects was explained as resulted from significantly reduced
DNA repair capacity. The paper contains also interesting technical remarks. The authors
demonstrated applicability of cryo-preserved lymphocytes to estimate DNA repair up to 12
months after blood collection. A similar experimental attempt was used in our own studies
(Gajecka et al., 2005). A higher level of spontaneous and benzo/a/pyrene-induced was
shown by comet assay in peripheral blood lymphocytes derived from laryngeal cancer
subjects compared with healthy donors (52 cases v. 54 controls). A level of spontaneous
DNA damage tended to increase with tumor grading. The latter result was not confirmed by
the analogical study (L. E. Wang et al. 2010) done on much bigger group (744 head and neck
subjects v. 753 matched cancer-free controls). The conclusion of Wang et al. was that the
reduced removal of tobacco smoke-induced DNA adducts contributes to the risk of head
and neck cancer but does not influence tumor characteristics. However, our results taken as
”phenotype” were apparent. Then, we attempted to explain them by distribution of socalled “risk” and “protection” genotypes of XPD, XRCC1 and XRCC3 genotypes of DNA
repair genes. The distribution differences did not reach the level of statistical significance
that means that phenotype-genotype correlation was poor. Still, phenotypic deficit of DNA
repair was only partly confirmed by overrepresentation of “risk” genotypes of the studied
DNA repair genes. Again, an impairment of DNA repair was shown in head and neck
cancer cells taken from tissue biopsies compared to peripheral blood lymphocytes of healthy
controls exposed to hydrogen peroxide treated taken as a model genotoxicant (47 cases v. 38
healthy controls). An advanced comet assay permitted for estimation of single-strand DNA
breaks, oxidative lesions and efficiency of DNA repair. Besides, a general deficit of DNA
repair, the authors established that H2O2-induced lesions were repaired less effectively in
cancer cells from patients with metastasis than from those without metastasis
(Rusin et al., 2009).
The most direct way to understand a link between DNA repair deficit and head and neck
cancer are studies on processing of tobacco smoke lesions and their removal (Hecht, 2003; L.
E. Wang et al., 2010; Wei et al., 1996). Polycyclic aromatic hydrocarbons are represented by
several compounds present in tobacco smoke and generate a variety of carcinogen: DNA
adducts. The structural features of the PHA-adducts play a role in differential repair of these
adducts. Although PAH:DNA adducts are repaired dominantly by nucleotide excision
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repair (NER) pathway, differences in repair efficiency still occur for individual DNA
adducts removal (Zhong et al., 2010). At this point it is necessary to remind that DNA
lesions not removed fast enough are most harmful for a cell.
It was already mentioned that another type of DNA lesions generated by tobacco smoke is
oxidative DNA damage. The major mechanism for repair of oxidized DNA bases
represented by 8-oxoguanine is base excision repair (BER), but nucleotide excision repair
seems to be involved too. It has been shown in lung cancer that the enzymes involved in
recognition of oxidative DNA damage alter their activity and, in turn affect tumor growth
because of increased formation of apurinic sites in DNA (Radak et al., 2005). The question of
alterations of oxidative DNA damage repair which leads to accumulation of oxidative DNA
lesions, mutagenesis and cancer development was reviewed recently (D'Errico, Parlanti, &
Dogliotti, 2008).
In head and neck cancer one of the most disregulated genes is epidermal growth factor
receptor overexpressed in ca. 90% cases. Reiter et al. (2010) undertook a study to explain a
reason of EGFR overexpression in terms of sensitivity to mutagens and DNA repair
potential. Oropharyngeal cancer cells were exposed to activated benzo/a/pyrene in vitro.
Unexpectingly, an extent of damage was comparable in EGFR gene locus and in
chromosome centromere, as well as in non-tumor tissue control. Also DNA repair capacity
was comparable in all experiments. It looks, nor EGFR gene amplification, neither DNA
repair might have a moderate effect on protein over-expression.

3. Evidence from genetic polymorphism
Variation in DNA repair as a factor in cancer susceptibility was associated early with
single nucleotide polymorphism (SNP). Many gene variants are common in human
population. Some structural variants decreasing a capacity to repair DNA were found
more frequently in cancer cases and could be recognized as “risk” variants. The extreme
case of DNA repair deficiency was established in a few rare diseases where DNA repair
defect was followed by over-frequent tendency to develop cancer (Tab. 2). Gene variants
working opposite way would be known as “protective” variants. Such attribution is not
having a universal character because of ethnic differences in gene variants distribution
(Becker, Nieters, & Rittgen, 2003; Mohrenweiser & Jones, 1998). Though, the mechanisms
dominantly involved in their repair of tobacco smoke-induced lesions are: base-excision
repair (BER), nucleotide excision repair (NER) followed by recombination repair and
mismatch repair, it was assumed that impairment of DNA repair process, particularly in
the key pathways would contribute to the increased risk of head and cancer. This
assumption is workable within the hypothesis of chemical carcinogenesis but a connection
with the hypothesis on cancer stem cells (Sales, Winslet, & Seifalian, 2007) is not excluded.
At this point one had to stress that the working material for studies on genetic
polymorphisms are blood cells as all the cells of the organism have the same genetic
information not changed throughout their ontology.
Establishing a link between single nucleotide polymorphism, distribution of gene variants
and cancer risk was followed by publication of plethora of papers. Very early papers deal
usually with an involvement of one repair gene/enzyme. The good example is a paper of
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Disease
Ataxia telangiestasia
Cockayne’s syndrome

Main genes identified
XPA, XPC, XPD, XPvariant
ATM
ERCC6 (CSB), ERCC8

Bloom’s syndrome

BLM

Fanconi’s Anemia

14 FA genes (listed
below)

Trichothiodystrophy

XPD

Xeroderma pigmentosum

Cancer preference
skin
breast, other sites
Broad spectrum of cancer
predisposition
AML, head and neck,
breast, gyneaological
cancers
skin

Table 2. Major diseases associated with DNA repair deficit.
Sturgis et al., (1999) describing an analysis of X-ray cross-complementing group one
(XRCC1) gene polymorphism in relation to head and neck risk. The XRCC1 gene
participates in base excision repair (BER) by encoding a protein acting in the repair of singlestrand DNA breaks. Two different polymorphisms of XRCC1 were studied in the group of
203 cancer cases v. 425 controls. Distribution of gene variants did not vary considerably
between the groups but XRCC1 26304T allele was found as a risk factor. The same group
(Ho et al., 2007) studied also polymorphism of the same gene as a risk factor of salivary
gland carcinomas. Three groups of samples were collected: 138 salivary gland carcinomas,
50 benign gland tumor and 503 cancer-free controls. It was established that XRCC1 1915C
allele was associated with a lower risk and XRCC1 194Trp allele with a higher risk of
salivary gland carcinoma. A much broader character had a study of Hao et al. (2004) on gene
polymorphism connected with BER mechanism of DNA repair. There have studied 129
SNPs in the eight BER genes including ERCC1. An estimation of distribution of gene
variants in Chinese cohort (419 esophageal cancer subjects v. 480 healthy controls) pointed
at four gene variants including XRCC1-77C allele as predictors of an increased risk.
Esophageal cancer does not belong formally to head and neck cancer group but anatomical
vicinity and histological classification as squamous cell carcinoma allows for a close
analogy. Interestingly, analogical on a large cohort of breast cancer (over 20 000 cases v.
comparative number of controls) established only a moderate influence of one of three
studied polymorphism on breast cancer in Asians and Africans but not in Caucasians (Y.
Huang, Li, & Yu, 2009).
Investigation of gene polymorphism in nucleotide excision repair (NER) attracted many
research groups. The studies were focused on XPD that is an evolutionary conserved ATPdependent helicase, responsible for unwinding DNA molecule and removal of bulky
carcinogen:DNA adducts. Structure-activity relationship of polymorphic gene variants of
XPD was already established and described with considerations on its impact of cancer risk
(Lunn et al., 2000). Previously shown reduced DNA repair capacity in head and neck cancer
subjects together with removal of tobacco smoke-derived DNA adducts by XPD allowed to
expect a key role of this gene in risk modulation. In line with this expectation Sturgis et al.
(2000) studied a distribution of two polymorphisms of XPD in 189 head and neck subjects
and 496 cancer-free controls. All subjects were non-Hispanic whites. A frequency of XPD
22541A variant did not differ enough to influence a relative risk. For XPD 39531C a
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moderate increase of risk was established. The latter polymorphism was studied also on
Swedish cohort consisting of 185 lung cancer cases v. 162 matched controls. The conclusion
of the study was that the XPD variant alleles may by associated with a reduced repair of
aromatic DNA adducts and increase lung cancer risk (Hou et al., 2002). The results of Hou et
al. were fully confirmed in another study done on Chinese cohort (135 cancer cases v. 152
controls) targeting for esophageal squamous cell carcinoma (Yu et al., 2004). However, a
meta-analysis of genetic polymorphism of three genes involved in NER (namely: ERCC1,
XPD and XPG) provided some skepticism about their role. The authors concluded that
fluctuation of variant frequency and their association with cancer risk will probably be
minimal (Kiyohara & Yoshimasu, 2007). As the published results did not meet expectation it
attracted to search for other polymorphism not known yet. An example is the paper by
Kumar et al. (Kumar, Angelini, & Hemminki, 2003), who discovered a novel intronic
mutation in the XPD gene.
Hence, further studies were aiming for a parallel coincidence of gene defect, gene-gene
and gene-environment interaction. The genes most commonly studied for a joint effect
were XRCC1, XRCC3 and XPD, representing different DNA repair pathways, namely:
BER, NER and recombination repair, respectively. Such attempt was used by Matullo et
al. (2003) to estimate effect of three polymorphisms in XRCC1 exon 10, XPD exon 23 and
XRCC3 exon 7. Distribution of gene variants was assessed in 628 Italian healthy
individuals and confronted with the level of aromatic DNA adducts in blood
lymphocytes. A dose-response relationship between the number of risk variants and DNA
adduct level. The interpretation was that the combined effect of multiple variant alleles
modulates DNA repair capacity. The same trio of DNA repair genes supplanted by
MGMT (enzyme coded by MGMT is repairing O6-alkylguanine adducts) was analyzed in
555 head and neck cancer cases v. 792 controls. Ethnic differences were found. XRCC1
Gln399Gln was associated with decreased risk in whites, but XPD 751 and XRCC3 241 did
not change cancer risk. (W. Y. Huang et al., 2005).
Extension of a list of genes and their polymorphisms was done by De Ruyck et al. (2007) by
an analysis (110 lung cancer v. 110 non-cancer controls) of 10 polymorphisms of genes
involved in BER (XRCC1, APE1, OGG1, XPA, XPC and XPD). Primary significance was
attributed to APE1 Asp148Glu, and the secondary one to XRCC1 ArgGln and XPD
Lys751Gln concerning conversion of tobacco smoking effects into lung cancer. At this point
it is necessary to admit the papers claiming no measurable effect of DNA repair genes
polymorphism on cancer risk (London et al., 2001).
Because of a lack of convincing results concerning an impact of individual gene variants
in cancer risk, recent years there is a tendency to study in parallel experiments a series of
genes and multiple polymorphisms. Also a study groups tend to gain high numbers to get
a reasonable statistic power. Within it a meta-analysis of previously published results
plays an important role. An example of such situation is a paper Michiels et al. (Michiels
et al., 2007) who studied polymorphism in 70 genes in lung cancer, head and neck cancer
and healthy Caucasian individuals. None of the studied genes BER- or NER-associated
genes was found to be associated individually with an influence of head and neck risk.
Contrary, a few alleles of the genes attributed to DNA replication, translesion synthesis
and transcription appeared to change a genetic risk. An international team anchored at
International Agency for Research on Cancer, Lyon, France, presented an analysis of 28
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SNPs in 18 DNA repair genes 9 SNPs in 7 cell cycle control genes on 811 cases with the
upper aerodigestive tract v. 1083 individuals not related to tobacco and alcohol. In DNA
repair genes only two variant alleles of MGMT and one allele of OGG1 were found
moderately more frequently in cases, whilst only three alleles including XPA variant were
associated with a protective effect. The authors discuss a false positive results present in
papers based on small study groups an postulate further extension of a number of
individual include into study (Hall et al., 2007). Under the same auspices another broad
analysis was done in connection with the upper aerodigestive tract (Canova et al., 2009).
Studying the material derived from 10 European countries including 1511 cancer cases and
1457 controls the authors analyzed 115 SNPs from 62 genes already known to be associated
with cancer. In 22 SNPs of DNA repair genes only three were found statistically significantly
reducing the risk. The results are meaningful as that time it was the largest genetic
epidemiologic study on the upper aerodigestive tract in Europe. Almost the same time there
was published a large analysis of genetic polymorphism in breast cancer (Smith et al.,2010).
Distribution of gene variants derived from 18 SNPs was estimated in 336 cases v. 416
controls (all Caucasians). An impact of individual genes only three cases reached a level of
significance. The authors suggest (i) to perform combine SNPs analysis (polygenic model)
and (ii) to increase the sample size.
Altogether, the hypothesis of a significant impact of polymorphism of DNA repair genes
besides many research efforts was not sufficiently proven but it does not eliminate DNA
repair from cancer risk estimation. Its moderate effect was shown and a necessity of genegene interaction was suggested.

4. Specific types of cancer
To unravel a link between DNA repair and risk of cancer an alternative way of studies
explores sub-classification of cancer to eliminate potential differences connected with
etiology, histology, progression and other factors.
Rodriguez et al. (2007) restricted their interest to the early oral squamous cell carcinoma on
one site, and on MGMT, that protects against alkylating mutagens repairing DNA in BER
pathway. Working on protein level they observed a loss of MGMT protein expression from
leukoplakia to early oral cancer. MGMT expression was declining also undifferentiation,
tumor thickness and grading. Hence, MGMT expression relates rather to cancer progression
than to risk. It also seems to indicate a poor prognosis. Unfortunately the study was done on
a small sample. An involvement of MLH1 gene, being a part of mismatch repair pathway
early stage of oral cancer, was studied by Gonzales-Ramirez et al. (2010). It was shown that
gene expression is inhibited by promoter methylation that also located an involvement of
this gene rather in tumor progression than in risk to develop cancer.
For such a late stage of oncogenesis as entering metastasis, Sarassin and Kauffman (Sarasin
& Kauffmann, 2008) put forward hypothesis on association of overexpression of DNA repair
genes with metastasis. An assumption is that initial genetic instability need in time
some genetic stabilization provided by over-expression specific DNA repair genes to invade
and give rise to distant metastasis. To our knowledge the hypothesis has not been
verified experimentally.
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A risk of death for head and neck cancer is high for patients with second (multiple) primary
tumors that encouraged clinical, molecular and genetic studies. Gal et al. (2005) were
studying polymorphism of such DNA repair genes as XRCC1, XRCC3, XPD and MGMT in
279 subjects with already diagnosed and treated oral cancer who later on develop second
primary tumors in upper aerodigestive tract. Polymorphism in XRCC3 241Met was found
associated with an increased risk of second neoplasm. On the contrary XRCC1 399Gln gene
was linked to a decreased risk of all-cause mortality in patients with oral cancer. In our
studies we analyzed an impact of 11 polymorphisms of genes coding two activating
enzymes, four detoxification enzymes and XPD, XRCC1 and XRCC3 DNA repair enzymes
in 84 subjects with multiple primary tumors. The results were compared to that in 182
subjects with a single primary tumors and 143 cancer-free individuals. Looking at an impact
of a single gene no correlation was found in case of DNA repair genes. The coexistence of
some genotypes/alleles associated with higher cancer risk was established as an added
factor for multiple primary tumor development. Our data indicate that the same group of
low-penetration genes is involved in the development of single and multiple primary head
and neck cancer, but their association with multiple primary tumor is significantly stronger
(Rydzanicz, et al., 2005). Significance of NER core gene polymorphism was studied in the
group of 1376 squamous cell carcinoma head and neck patients. Out of them 110 patients
developed second primary tumors. None of seven studied genes had a pronounced effect
for a risk to develop second primary tumors, that to some extent confirms our findings.
However, the authors suggest that a profile of NER core gene polymorphisms might
collectively contribute to the risk.
Nowadays the techniques exploring DNA microarrays technology became available and
contribute well to the reviewed matter. An example of application of gene expression
profiling of DNA repair genes is the paper of Rentoft et al. (2009) attempting to differentiate
a pattern of DNA repair genes involved in development of head and neck cancer in young
(<40 years) and elderly subjects. No genes were detected as significantly differentially
expressed between young and elderly subjects.

5. Fanconi anemia pathway
Apart from previously described DNA repair systems present in human cells the Fanconi
anemia pathway occupies equally important place. Fanconi anemia (FA) represents a
specific and relatively rare syndrome, primarily described in 1927 by Guido Fanconi
(Fanconi, 1927) (a Swiss pediatrician). He observed in 3 siblings hereditary form of aplastic
anemia, panmyelopathy, short stature and hyper-pigmentation, nowadays syndrome
known as Fanconi anemia. The FA is genetically and phenotypically highly heterogeneous
condition, whereas patients display a wide variety of abnormalities. Some common features
attributed to FA are multiple congenital malformations of skeleton and inner organs, radial
ray defects, abnormal pigmentation and overall altered growth (Alter & Kupfer, 1993).
However, the most important clinical feature are hematological abnormalities: bone marrow
failure, aplastic anaemia, myelodysplastic syndrome (MDS), and high proneness to acute
myeloid leukemia (AML). Besides AML FA patients also carry high risk of developing
squamous cell carcinomas (SCC), especially of head and neck, gynecological and skin
tumors (Alter, 1996; Lustig, et al., 1995, Rosenberg, et al., 2003). A considerable part of
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cancer biology knowledge was described thanks to rare genetic syndromes related with
cancer proneness such as Fanconi anemia.
Physiologically, patients with Fanconi anemia demonstrate high susceptibility to crosslinking agents, which result in significantly increased number of DNA damage events (DNA
cross-links are most common). As the consequence repair capacity is insufficient to maintain
DNA integrity. Consequently, the FA pathway is frequently deregulated or inactivated.
An increased sensitivity of FA patient-derived cells to the lethal effects of numerous crosslinking agents was described already over three decades ago in mid 70s (Ahmed & Setlow,
1978; Fujiwara & Tatsumi, 1975). Cloning and cell fusion experiments have so far shown
existence of fourteen FA complementation groups and corresponding genes (FANCA, B, C,
D1(BRCA2), D2, E, F, G, I, J(BACH1/BRIP1), L, M, N (PALB2), O(RAD51C), P (SLX4) and
combined functionally with FA repair pathway (Deakyne et al. 2011; Rego et al.,2009;
Stoepker et al., 2011). However, their exact role have not yet been completely elucidated.
The FA-associated genes are not clustered, but dispersed throughout the genome. Next to
BRCA2 (FANCD1) also BRCA1 was corroborated to be involved in FA and comprises
another FA associated factor (Garcia-Higuera et al., 2001; Zdzienicka & Arwert, 2002). Thus,
FA pathway is often called Fanconi/BRCA pathway.
Complementation group A (mutation in FANCA) stands for majority of the Fanconi anemia
cases (over 66%), C in 5-15% and G in 5-15% in most of the populations. Only some ethnic
groups have founder mutation which accounts for most cases of disease (e.g. in Ashkenazi
Jews mutation IVS4+4 A→T allele). The prevalence of other complementation groups
is rather rare and many mutations are reported in different Fanconi genes with
various frequency (Buchwald, 1995; Deakyne et al., 2011; Joenje et al., 1997). The
open-access database of Fanconi genes mutations is available in the internet
(http://www.rockefeller.edu/fanconi/mutate).
The hypothesis over the defect in the repair of damaged DNA is central to the etiology of
Fanconi anemia. Moreover, recent studies have shown that FA is also clinically related to
other hereditary chromosomal instability syndromes and the proteins mutated in Bloom
Syndrome, Nijmegen Breakage Syndrome (NBS), Ataxia Telangiectasia (ATM) and Seckel
Syndrome (ATR), which are also implicated and crosslink with FA pathway (Andreassen,
D'Andrea, & Taniguchi, 2004; Nakanishi et al., 2002; Taniguchi et al., 2002). Therefore, an
emerging body of evidence indicate Fanconi/BRCA DNA repair pathway proteins to
operate in multiple DNA damage pathways, whereas FA-associated proteins have
alternative roles. Disruption of any of the genes may lead to arrest of the DNA repair
processes and accumulation of cancer-proneness events, which finally leads to non-FA
associated cancer occurrence. Thus, Fanconi pathway appears to play remarkable role in the
DNA repair capacity of a cell.
5.1 FA and head and neck cancer
Numerous clinical data reports, that FA patients demonstrate a high incidence of aggressive
forms of squamous cell carcinoma, especially at young age, predominantly in head and neck
sites (HNSCC). The estimated risk is increased over 700 times higher compared to non-FA
population and rises much above the cumulative risk effect of environmental factors for this
cancer. Average age of HNSCC patients is usually above 60 years who drink and smoke, in
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contrast to group so-called “young adults” of age below 40-45 years and not possessed by
habits. Interestingly, FA patients are usually non-smokers and non-drinkers and
demonstrate higher risk of HNSCCs with 40% cumulative incidence by the age of 40 years
with 2-year survival rate much below 50% (Kutler et al., 2003). Seemingly, FA –associated
squamous carcinoma of head and neck do not differ considerably from sporadic HNSCC,
except hypersensitivity to crosslinking agents. FA/HNSCC patients are more vulnerable to
the exposition of oral squamous mucosa as a first line absorbing carcinogens. Therefore,
predominant site of cancer occur in oral cavity, oropharynx and tounge which is a major
cause of high mortality in these patients. The repair of ICLs is mainly driven during cell
arrest in late S/G2 phase. G2 phase is noticeable prolonged and, thus it rise the risk of viral
infections, particularly Epstein–Barr virus (EBV) and oncogenic types of human papilloma
virus (HPV). They integrate preferably to damaged sites of DNA. In previous study of
FA/HNSCC over 80% have been infected with HPV (none of these showed mutation in
TP53) in respect to 36% in non-FA HNSCC patients (Kutler et al., 2003). However, other
studies could not demonstrate such high differences, but the disproportion was undisputed.
Noteworthy is also that younger patients characterize with distinct sexual behavior, with
higher preference to oral sex and thus high prediction of being HPV positive (Lustig et al.,
1995; Rosenberg, Alter, & Ebell, 2008).
FA/HNSCC patients undergo strictly modified cancer therapy, eliminating ICLs inducers.
Hematopoietic stem cell transplant (SCT) is nowadays the only efficient treatment
for direct restoration of blood cells production in Fanconi anemia patients. There have
been much of difficulties to optimize SCT protocols because of high toxicity of procedure
to patients. From the other, side heavy SCT conditioning is frequently a cause of
induction of squamous cell carcinomas, particularly head and neck cancers (Alter, 2005;
Rosenberg et al., 2005).
It has been also suggested that single unrepaired ICLs in FA patients may be enough to
promote the translocation of oncogenes or the deletion of tumour suppressor genes.
Moreover, specific and well known oncogenic translocations such as loss of 1q, 3q or 9p and
seems to be favored in FA (Sala-Trepat, et al., 1993; Tonnies et al., 2003).
5.2 DNA cross-linkers
As previously mentioned DNA in Fanconi anemia patients undergoes damage mostly by
exposition to cross-linkers. Interstrand crosslinks (ICLs) are extremely toxic DNA damage
type. Many drugs (mainly alkylating agents) producing interstrand cross-links in cellular
DNA have been commonly used in clinical chemotherapy of solid and hematological
malignancies. The idea of usage of crosslinkers to treat cancer was born out of horror of the
Second World War. The autopsies of victims killed with chemical weapons (e.g. sulphur
mustard) have shown selectively attacked blood white cells. The hypothesis has been
established that those chemicals could have been useful for the treatment of leukemia
(Deans & West, 2011) and further to other cancers. These include the nitrogen mustard class
in use until now (e.g. melphalan, cyclophosphamide, chlorambucil etc), natural compounds:
(mitomycin C, psoralen, aldehydes, formaldehydes), platinum drugs (cisplatin, carboplatin,
oxaliplatin). Some physical agents such as UV light exposure or reactive oxygen species
(ROS) are also capable to induce ICLs. Platinums and nitrogen mustard class require two
active leaving groups, which are absorbed inside the cell by the sequential displacement of
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chloride ions by H2O molecules. This active form predominantly crosslink DNA at N7position of guanosine or adenosine on the opposite strands and forming ICLs. Mitomycin C
and psoralens contain planar rings that must be activated by photon-mediated
cycloaddition or cycloreduction, and attack DNA bases. The covalent bounds between two
strands of DNA produced by cross-linkers leads to inhibition of fundamental processes such
as replication and protein biosynthesis, preventing unwind for polymerase access.
Clustering both DNA strands significantly reduces ability of DNA repair machinery to
operate, and repair of cross-link involve a highly complexed networks. At the higher
structural rank this cause high chromosomal instability (Bauer et al., 2008).
Noteworthy, major FA diagnostic method is still based on the cytogenetic analysis of
lymphocytes that have been treated with ICL-inducing agents (MMC or DEB cross-linker)
where chromosomal breaks are counted. As result, FA cells demonstrate highly increased
levels of chromosome aberrations, such as: chromosome breakages and radical forms of
chromosomes (Auerbach, 1988; Li et al., 1999).
5.3 DNA repair by FA/BRCA pathway
FA/BRCA pathway is currently conceived as the coordinator of several repair systems,
including homologous recombination (HR), nucleotide excision repair (NER) and
translesion synthesis (TLS). However, a major pathway for the repair of DNA interstrand
cross-links (ICLs) is homologous recombination (also known as homology-directed repair,
HDR). Postulated and partially elucidated model of FA processing with ICL repair begins
when the replication forks are stalked and lesion recognition replication protein A (RPA) is
recruited and responsible for stabilizing and coating of single DNA strands (L. C. Wang,
Stone, Hoatlin, & Gautier, 2008). ICL invokes also FANCM with associated proteins (RMI 1
and RMI 2) which leads to the assemble of FA core complex (FANCA,B,C,E,F,G,L, M and
N). FANCM also recruits the Bloom’s syndrome complex (BTR), and cooperates with RPA
protein. This activates checkpoint ataxia telangiectasia kinase ATR and its downstream
effector kinase CHK1 and Rad3-related (ATR)–CHK1 signalling cascade. ATR and CHK1
phosphorylate several components of the core complex in order to activate them. UBE2T,
the ubiquitin-conjugating enzyme (E2) binds to FANCL, the ubiquitin ligase subunit of the
core complex. Activate core complex monoubiquitinate FANCD2 and FANCI (ID complex)
a key event in FA pathway. BRCA1 and BRCA2 complex initiates homologous
recombination and stabilizes the stalled replication fork. Monoubiquitinated FANCD2 forms
DNA damage inducible foci together with core complex and several other downstream FAassociated DNA repair proteins such as: structure-specific nucleases and translesion
polymerases, MRN complex (MRE11, NBN, RAD50), BRIP1, PALB2, FANCO and further
participate and cooperate in ICL removal (Fig.2). Homologous recombination is performed
on the basis of homologous sequence on sister chromatids and the mechanism in itself is
similar to crossing-over during meiosis (Deakyne et al., 2011,; Guervilly et al 2008; Machida
et al., 2006; Rego et al., 2009; Takata et al., 2009).
5.4 Disruption of FA/BRCA pathway in HNSCC
The DNA damage response pathway controlled by the Fanconi anemia/BRCA pathway
genes can be disrupted by either genetic or epigenetic events.
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Most FA-associated genes have a wide variety of mutations in FA/HNSCC patients and
include deletions, frameshifts, stop codons, splice-site mutations and missense mutations.

Fig. 2. Exemplary model of FA/BRCA pathway.
At this point of limited evidence, it seems that heterozygosity for any of FA gene mutation
except BRCA2 generates higher susceptibility to cancer, whereas biallelic mutation in single
FA genes contribute to earlier cancer development and generally poorer prognosis.
However, no specific mutations have been associated with head and neck cancer. Some
array-based data (Sparano et al., 2006) demonstrates the copy number alterations (CNA) in
regions covering FA genes BRCA1, BRCA2, FANCD2, and FANCG but no direct associations
with the disease were found. In contrast, FANCA has been analyzed in arrayCGH-based
study (Bauer et al., 2008), where the region 16q23–q24 (FANCA locus) showed a significant
gain associated with lower survival rates in HNSCC patients.
Epigenetic mechanisms such as DNA methylation, a main posttranscriptional DNA
regulation plays a predominant role in majority of developmental processes and regulates
expression of most genes. Moreover, it maintains integrity of chromatin through stabilizing
its structure. DNA methylation level is usually measured by methyl groups attached to
position 5 in pyrimidine ring of cytosines.
Somatic inactivation of the FA pathway by epigenetic silencing has been observed in several
different types of sporadic cancer (Lyakhovich & Surralles, 2006), such as bladder cancer
(Neveling et al., 2007), ovarian cancer (Lim et al., 2008), breast cancer (Wu, Shin-ya, & Brosh,
2008) cervical cancer (Narayan et al., 2004) and of course in HNSCC (Marsit et al., 2004;
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Szaumkessel et al., 2011 ; Wreesmann et al., 2007). Our own study has demonstrated the
disruption of DNA methylation of promoter region in FANCA, BRCA1 and BRCA2 in
squamous laryngeal carcinoma cell lines and primary tumors (Szaumkessel et al., 2011).
BRIP1 and FANCB have been shown to be higher and more frequently methylated
compared to normal mucosa (Smith et al., 2010). FANCB is suggested to play important role
in HNSCC pathogenesis as the hypermethylation was detected almost exclusively in
cancerous samples. In other study (Wreesmann et al., 2007) FANCB, FANCF, FANCJ and
FANCM were demonstrated to be affected by downregulation in HNSCC, however no
methylation changes has been found comparing to non-tumor controls. FANCF promotoric
DNA hypermethylation was demonstrated to be associated with smoking habit as the
established risk factor in HNSCC (Marsit et al., 2004) but with no further reflection in
other studies.
Recent years FA pathway is becoming of high interest because of versatile nature in respect
to DNA repair. This would suggest that FA genes might be potentially widely used targets
for future therapies of head and neck. Specific mutations or/and known deregulation
mechanisms could provide a knowledge in order to design a targeted drugs to enhance
existing anti-cancer therapies.

6. Summary
Despite the action upon improving the classical surgery and radio- and chemotherapy, a
genetic background plays the supportive role and promise a significant enhancement in
prevention and/or head and neck cancer curability. Last years has brought much of
understanding in HNSCC biology, whereas many markers have been identified and utilized
for genetic testing and therapies. Modern high-resolution techniques (e.g. CGH, aCGH,
microarrays) has pointed relatively important DNA hotspots and greatly contributed to
overall knowledge. However, the pathogenesis of HNSCC seems to be still elusive and
ambiguous. The expectations always rise together with emerging new technologies and
promise to develop brand new anti-cancer therapies.
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1. Introduction
Pursuing excellence in esthetically restoring a facial contour deformity is always a life-long
endeavour for plastic surgeons. Significant facial defects, deformity or overt disfigurement,
either soft tissue or skeletal or a combination of both, usually bring about aesthetic,
functional and of course psychosocial impact. This situation is usually the formidable
misery of the head and neck cancer patients with possible significant tissue loss. Strategy
regarding the mode of reconstruction in order to obtain the most outstanding result is of
utmost importance. Most reconstructions employing microvascular free tissue transfer
often emphasize on tissue replacement and functional restoration. Based on 30 years
experience in plastic surgery and free tissue transfers, the authors stressed on aesthetic
refinement on each patient receiving either conventional methods or free tissue transfer for
facial recontouring.

2. Material
The disease entity encompasses congenital anomalies, facial tumors (benign or malignant),
or radionecrosis resulting in orbital, nasal, maxillary, mandibular or a combination of any of
them, with functional defects amounting more than 1000 cases.

3. Methods
Minor defects might be reconstructed with various kinds of grafts, or miscellaneous
implants. However, free tissue transfers should be selected for major reconstructions, which
include groin flaps, radial forearm flaps, scapular flaps, anterolateral thigh flaps, latissimus
dorsi, gracilis muscle, vascularized iliac bone, vascularized fibula or scapular bone, etc.
Besides the success of the free tissue transfers, applications of various fundamental skills in
plastic surgery will upgrade the result of the reconstruction to a higher hierarchy, which
include Z-plasties, W-plasty, fat grafting, cartilage grafting, full-thickness skin grafting,
specially designed sling surgery or even craniofacial skills--calvarial bone grafting, bilateral
sagittal split osteotomy, sliding genioplasty, etc. Details of finesse in aesthetic facial
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recontouring using miscellaneous basic plastic surgery principles or microvascular free
tissue transfers will be presented and discussed in the following selected representative
cases.
As a plastic surgeon, pursuing excellence is always the gold standard. This involves
technical mastery, enhancing experience, redeeming morality, development of
accountability, eliciting ideas & innovations, emphasizing on humane solicitude, enriching
artistic sense in order to get to the goal of pursuing excellence.

4. Considerations on facial recontouring
The basic fundamental principle of engaging in facial recontouring for the head and neck
cancer patients is to aim at anatomical restoration as long as possible at the very
beginning. If it’s impossible, then tissue transfer with any measure should be employed—
should it be a local flap, axial pattern flap, island flap or free tissue flap with any kind of
tissue combinations. Certain percent of facial recontouring only requires volume
reduction or volume replacement. Some patients with skeletal derangements need skeletal
rearrangement—be it an osteotomy/ osteotomies with or without bone grafting or
implant placement. Of course, proper anchorage of the facial interface is another
important issue.
In patients with vascular malformations, skin problems should also be solved with
intravascular embolization in collaboration with subtle use of appropriate selection of lasers
in addition to sclerotherapy. Motor function disturbance at the face ( facial paralysis or
paresis) is another frequently encountered problem at the face, especially after trauma or
tumor extirpation/ radical operation for malignant diseases. The facial expression/
symmetry should be deliberately restored with nerve transfers/ static sling operations/
regional functional muscle transfers/ free functional muscle transfers or combinations of
any of the methods. The facial contours, not to mention, should be deliberately redefined
and properly highlighted in order to get to a satisfactory result.








Anatomy–restoration
Volume– reduction, replacement
Skeleton– rearrangement
Interface– proper anchorage
Skin– refinement, rejuvenation
Motor Function– recreation; rehab.
Contour– redefined, properly highlighted

Integration of craniofacial surgery, microsurgery and basic general plastic surgery principles
is always indispensible in order to get to an esthetically satisfactory result.
Reconstruction may involve upper face, middle face, or lower face or combinations of any of
them. It may also involve single layer reconstruction, double layers reconstruction, or triple
layers reconstruction ( sandwich reconstruction). Reconstruction can usually be finished in
one operation by choosing the donor site with the least deformity and functional morbidity,
and at the same time obtain the most benefit of the patient.
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5. Table - Methods of facial recontouring

Aesthetic Facial Recontouring—Various Methods
•
•
•
•
•

Replacement; Resurfacing
Osteotomies– rearrangements; distraction
Dynamic rehabilitation
Reductions
Augmentations
Autogenous tissue– bone, cartilage, fat, fascia
Alloplastic material-- silicone, PTFE,
polyethylene, methylmethacrylate,
hydroxyapatite, titanium implants,
polyglycolic acids
Soft Tissue Fillers– HA, Alloderm, Gortex

6. Representative facial derangements
To esthetically recontour a face has been our main goal in daily encounters, here we select
several interesting topics and representative instances to demonstrate the aforementioned
methods used in treating facial derangements or enhancing facial esthetics.
6.1 The Fate of Different Reconstructive Modes for Mandibular Ameloblastomas.
6.2 Strategy of Reconstructing Combined Mandibular Defect and Facial Palsy.
6.3 Strategic Approaches to Revisions of Microvascular Oromandibular Reconstructions.
6.4 Upper Facial Recontouring after Facial Tumor Ablation.
6.5 Osteoradionecrosis of the mandible
6.1 The fate of different reconstructive modes for mandibular ameloblastomas
Mandibular ameloblastomas are not infrequently seen. However, most of the patients were
primarily treated by oral surgeons, ENT surgeons or surgeons who were not comfortable
with vascularized bone transfers. Therefore, many patients were left with formidable
complications as malocclusion, deviation of chin, facial deformity, chronic intraoral/
extraoral drainage, extrusion and infection of dead bone, soft tissue wasting or even
ultimate extrusion of the implant.
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Material and methods
In 15 years, 57 patients were referred to us for management of the aforementioned
problems, only 9 patients with mandibular ameloblastoma were treated primarily by the
plastic surgeons. In 57 patients, 21 were reconstructed with nonvascularized bone, 10 of
them were complicated with chronic drainage, and 11 of them were complicated with
remarkable facial deformity. Thirty six out of the 57 patients were reconstructed with
reconstruction plate without incorporation of bone. Ten patients were referred for
progressive soft tissue wasting, 32 were referred for overt facial deformity, and 15 of them
were referred for extrusion of the implant. The 9 patients treated primarily by the plastic
surgeons all obtained satisfactory long term result.
The complicated cases were then reconstructed with vascularized iliac bone in 44 patients,
vascularized fibula in 13 patients. The presenting symptoms were deformation and
loosening of plates, soft tissue wasting, ended up with chronic drainage and ultimately
extrusion of the plates.
6.1.1 Problems and difficulties of reconstructions with implant failures
1) Scarring and capsule formation around implants. 2) Difficulty in dissecting and
approaching the glenoid fossa. 3) Lack of a clear plane to expand the pocket to
accommodate a vascularized bone camouflaged ascending ramus. 4) Possibility of facial
nerve injury or traction during dissection or expansion. 5) Placement of incision should be
carefully designed since there had been soft tissue atrophy and thinning of skin.
Secondary mandibular reconstruction after implant failure may cause facial nerve injury or
difficulty in approaching the glenoid fossa. Fascia lata sling operation is always required in
hemimandibular reconstruction in patients with implant failures. Use of mandibular
implants as a reconstruction tool should be limited. It is advised that vascularized bone is
always the material of choice in major mandibular reconstructions.
6.2 Strategy of reconstructing combined mandibular defect and facial palsy
Either a significant mandibular bone defect or facial palsy presents a challenge to plastic
surgeons. When these two conditions are present at the same time, the situation becomes
even more complicated. The sequence of reconstruction should be thoroughly contemplated.
The scars following a free osteocutaneous flap reconstructed mandibular defect will
hamper further exploration of facial nerve lesion and vice versa. Here we report 5 patients
with combined mandibular defects and facial palsy. The first case was a 28-year-old woman
with an osteogenic sarcoma at left mandibular ramus. She underwent tumor resection,
which was complicated with left complete facial palsy. Besides, left hemimandibulectomy
was performed for osteoradionecrosis of the mandible as a complication of post-operative
irradiation. The severely deformed face lasted for 6 years before she was referred for further
reconstruction. An iliac osteocutaneous free flap was used for her mandibular defect
followed by a temporalis muscle transfer in order to correct the deviated face. The second
case was a 19-year-old young man who suffered from crush injury of the face resulting in
right mandibular defect and right facial palsy. The patient received a fibular osteocutaneous
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free flap reconstruction and cross facial nerve grafting simultaneously. The 3rd patient was
a lady with malignant parotid tumor, status post-tumor resection with subsequent
radiotherapy. She was complicated with osteoradionecrosis of the mandible. Then,
hemimandibulectomy and reconstruction with a plate was done by an oral surgeon which
resulted in extrusion of the implant and significant facial deformity. The plate was removed
and reconstructed with a vascularized scapular flap for the mandible and fascia sling
operation for facial palsy. The last 2 cases were victims of oral cancer. Mandibular defect
and lower facial palsy resulted after radical surgery. The bony defects were reconstructed
with vascularized iliac bone and the lower facial palsy was reconstructed with masseter
transfer and contralateral lower lip depressor myectomy. All the 5 patients demonstrated
satisfactory functional and aesthetic results.
When mandibular reconstruction and facial nerve operations were carried out separately, it
will be difficult to dissect out the facial nerve after mandibular reconstruction, and vice
versa. For long-standing facial palsy as in the first case, static muscle transfer provides an
alternative. There leaves much to be discussed about the reconstruction for patients with
combined mandibular defect and facial palsy.
6.3 Strategic approaches to revisions of microvascular oromandibular
reconstructions
Free tissue transfers have been employed for reconstructing oro-maxillo-mandibular defects
in the past 30 years in our hands, amounting several thousands of patients.
Reconstruction of major oro-maxillo-mandibular defects employing microvascular free
tissue transfers are always time-consuming task. In order to quarantee the survival of the
flap, certain degree of swelling or tissue excess is usually inevitable. However, excellent
result can always be obtained by virtue of proper selection of transferred tissue flap and
post-operative refinement based on the basic plastic surgical and maxillofacial surgical
principles. However, revisions are always the rule in order to reach an optimal result. The
problems encountered can be summarized as:
6.3.1 Scar contractures - intra-oral/ extra-oral trapdoor scar contractures
Scar contracture at the oro-maxillo-facial area is inevitable in most of the reconstructed face.
Mild forms may be released with Z-plasties, or W-plasty. Moderate contractures may be
released with the addition of full-thickness skin grafts. Severe contractures should employ
local flap or partial skin flap transposition with preformed free tissue flap ( Revolving Door
Switch-over Flap Technique).
6.3.2 Facial palsies - partial/ total
Complete facial palsy or paresis of branches of the facial nerve may be left with orofacial
surgeries. For complete facial palsies, immediate bridging nerve grafting / hypoglossal
nerve grafting/ cross facial nerve grafting can achieve satisfactory results. For facial paresis
with incomplete recovery, cross facial nerve grafting with proper neurotization can
significantly augment the facial reanimation. For weakness of the depressor anguli oris/
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depressor labii inferioris, chemical denervation of the contralateral counterpart with
botulinum toxin A can alleviate the asymmetry of the lower lip expressions.
6.3.3 Oral incompetence causing drooling
Oral incompetence often occurs after lip cancer/ buccal cancer/ gingival cancer operations.
Therefore, it’s advised that preservation of part of the orbicularis oris muscle and proper
anatomical restoration is of utmost importance during tumor surgery, otherwise drooling
will become a formidable and an unwelcome morbidity.
6.3.4 Loss of skeletal support
In mandibular tumors which resulted in insufficient skeletal height or even segmental bony
defect, oral incompetence may also be noticeable with frequent sucking behavior during
speaking.
6.3.5 Skin color mismatch
Partial skin resection and reconstruction at the face may result in skin color mismatch with
possible trapdoor deformity, which necessitates further disposal.
6.3.6 Mandibular implant extrusions
Many of the mandibular reconstructions were done by ENT or dental-oral surgeons with
bridging implant only without bony reconstruction or with conventional bone graft which
ultimately resolved. In the long run, not only the implant extruded, but also the neighboring
soft tissue would significantly shrink after daily friction which deemed to wasting with periimplant capsular contracture.
6.3.7 Facial asymmetry / disfigurement
Facial asymmetry with different degree may be recontoured with addition of volume with
fat grafting or injection with soft tissue fillers in order to minimize facial disfigurement.
Based on the experiences of doing more than 1500 oro-maxillo-mandibular reconstructions
in our plastic surgery groups, we present our strategies in pursuing good results for
our patients. There are a lot of amendment procedures to be carried out aiming at achieving
not only functional recovery, but also aesthetic restoration. The procedures are as
follows:
1.
2.
3.
4.
5.
6.
7.

Release of trismus, deepening of buccogingival sulcus.
Debulking, Z plasties or W-plasty to alleviate trapdoor scarring.
Muscle transfers or tendon sling operation for facial palsies.
Skeletal recontouring.
Restoring oral competence/ oral commissuroplasty.
Fat grafting or using soft tissue fillers
Botulinum toxin A injection for dynamic asymmetry

With deliberate planning and proficient skills, optimal results can always be achieved
ultimately. Details in dealing with miscellaneous problems in several representative patients
will be presented and thoroughly discussed.
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7. Case presentations
Case 1. Reconstruction for secondary mandibular deformity

Fig. 1. Microgenia, Micrognathia, TMJ Ankylosis. This 42 year-old lady became microgenic
and micrognathic with oral incompetence since she was very young due to some kind of
ailment that she can not remember very well. She always shun herself from the public for
not having a chin. Orthognathic surgery with bilateral sagittal split osteotomy, sliding
genioplasty and Medpor chin implant placement were carried out after orthodontic
treatment. She has been very satisfied with the operation.
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Case 2. Reconstruction of combined major mandibular deficiency and facial palsy

Combined Mandibular Deficiency and Facial Palsy. This 28 year-old lady suffered from osteogenic
sarcoma at the left mandibular ramus at the age of 18.

Fig. 2.1. Reconstruction of Mandibular Deficiency and Facial Palsy.
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Fig. 2.2. Post-op. Combined Mandibular Deficiency and Facial Palsy. She received tumor
excision by an ENT surgeon, and then was told to receive radiotherapy. She was then
complicated with left facial palsy and osteoradionecrosis of the mandible and resulting in
hemimandibulectomy. Since then, she suffered from a severely deformed face. Under her
request, we reconstructed her left mandible with vascularized iliac bone flap which restored
not only the hemimandibular defect but also soft tissue deficiency after previous extremely
destructive surgery. After 6 months, we used left side temporalis muscle transfer and partial
masseter muscle transfer to balance her left side face with that of the right side and also to
treat left lagophthalmos.
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Case 3. Reconstruction of upper facial deformity

Fig. 3. Fronto-naso-orbital Defect
This 18 year-old boy was found to have a tumor at the left fronto-naso-orbital area when he
was 6 year-old. Pathology after excision revealed an eiosinophilic granuloma, he then
received chemotherapy afterwards. As he grew up, hypoplasia of the fronto-naso-orbital
complex bothered him greatly. In order to recontour this area, we harvested a costal
cartilage block which was carved to match the 3 dimensional configuration of the defect,
and then wrapped with fascia graft, to be inserted into the defect through an incision at the
frontal scalp. He then got a satisfactory facial contour.
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Case 4. Reconstruction of mandibular implant extrusion

Fig. 4.1. Pre-op. This 56 year-old lady suffered from ameloblastoma of the mandibular
symphysis 10 years previously. She received segmental mandibulectomy by an dental
surgeon, and at the same time was reconstructed with a curved metallic implant. Several
years later, she started to notice deformity of the chin, and then furtherly complicated with
chronic drainage from the bottom of the chin with pointing out of the sharp tip of the
implant piercing out the left side lower vestibular sulcus mucosa.
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Implant Extrusion

Iliac Bone Free Flap

Fig. 4.2. At the first operation, the extruded and infected implant was removed and the
wound was debrided thoroughly and the defect of the mandibular symphysis, skin and soft
tissue was reconstructed with a vascularized iliac bone flap with complete success.
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Fig. 4.3. Post-op. After 6 months, bone union had been secured and swelling of the
reconstructed skin and soft t tissue bulk had subsided, the excess skin flap at the chin was
used to deepen the insufficient lower sulcus by using the revolving door switch-over
technique. In addition to deepen the sulcus to better accommodate dental implant
placement, this measure also provided ample soft tissue for chin augmentation.
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Case 5. Immediate anatomical restoration for mandibular ameloblastoma

Pre-op

Ameloblastoma, right side mandible
Post-op

Fig. 5. This 63 year-old lady started to notice that she cannot open her mouth freely, and
finally was found that she had a giant ameloblastoma at her right side mandibular body,
extending to right mandibular ramus, condyle and coronoid process. She can hardly open
her mouth as the tumor grew bigger and bigger. The tumor was resected en bloc, and at the
same time replaced with a fibular osteocutaneous flap incorporating with a piece of titanium
condyle to reconstruct her right side mandible and buccogingical lining. After 6 months, she
received autogenous fat injection to further augment her right cheek for better facial contour
and symmetry.
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Case 6. Osteoradionecrosis of the mandible

Osteoradionecrosis, mandible

Fig. 6.1. This 42 year-old lady contracted a left submandibular tumor when she was 24 yearold. After resection, the pathology report revealed a mucoepidermoid carcinoma of the
submandibular gland. She was arranged to receive radiotherapy. Eighteen years after the
treatment, she suffered from left lower jaw teeth pain. Ever since teeth extraction by the
dentist, the wound never healed and furthermore complicated with foul odor discharge
from left side mandible, despite of 80 treatments of hyperbaric oxygen. Besides, she also
suffered from intractable pain. Therefore, the osteonecrotic mandible was resected and the
wound debrided thoroughly.
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Fig. 6.2. The defect was reconstructed with a piece of vascularized iliac bone flap harvested
from ipsilateral side with complete success. Besides maintaining satisfactory facial contour
and symmetricity, the patient assumed good occlusion and can open her mouth freely
without trismus.
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Case 7. Reconstruction of secondary facial deformity

Pre-op

Post-op

Fig. 7. This 25 year-old young man received resection of right side mandible by dental
surgeons for ameloblastoma. He was left with a sunken cheek and deformed face, and
became autistic and reluctant to go out. We reconstructed his right side mandible with a
fibular osteocutaneous flap with 2 osteotomies and incorporating with a titanium
mandibular condyle. After the operation, he regained facial symmetricity and normal facial
contour, therefore resumed his bright smile again.
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8. Conclusions
There are miscellaneous methods aiming at recontouring of the face for different
purposes. Anatomical restoration is always the rule of thumb to achieve satisfactory
aesthetic result. Overall, a comprehensive approach with integration of craniofacial
surgery, microsurgery, aesthetic surgery and basic plastic surgical techniques will get to
most outstanding results.
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1. Introduction
In the last two decades treatment for head and neck cancers has evolved with multiple
modality treatments, including radiation and chemotherapy in an effort to enhance local
and regional disease control, reduce distant metastasis, preserve anatomic structures ,and
improve overall survival and quality of life (QOL). Surgery is first choice for early cancers
and for cancers that do not respond to radiation and chemotherapy in the form of salvage
(Maureen, 2004).
Surgery can result in cosmetic, functional and psychological impairment greatly affecting
the patient’s quality of life (Roger, 2010). Presently the thrust in cancer care is not simply on
survival but on rehabilitation, which aims to improve multiple impairments and QOL.
Health related QOL refers to a multidimensional concept, which encompasses perception of
both negative and positive aspects of at least four dimensions of physical, emotional, social
and cognitive function (Moser et al., 2003).
Rehabilitation of such patients is quiet challenging and requires multidisciplinary team for
comprehensive care and optimal post treatment functional outcomes. (Dingman, et al., 2008,
Lemon et al., 2005, Logman, 1998, Hubalkowa, 2010). The team usually comprises of
otorhinolaryngologist,
radiation
oncologist,
medical
oncologist,
maxillofacial
prosthodontist, speech therapist, psychologist, social workers, and nursing staff amongst the
other disciplines for specific problems of the cancer patient. As a critical member of the team
the maxillofacial prosthodontist co-ordinates the effort in many facets of patient care.
Treatment is patient centered and patient directed, individualized to meet each patient’s
unique and specific needs.
Rehabilitation goals are focused on the restorative, supportive, palliative and preventive
aspects of treatment (Moser, et al., 2003). Advanced cancers or trauma destroying structures,
which may include soft and hard tissues of jaws, facial skeleton, oral tissues, lips, checks,
nose and eyes, can affect the maxillofacial region. The defect may result in oroantral,
oronasal, oronasal-orbital communication. The primary objective of rehabilitation is to
preserve and restore the function of speech and swallow, preludes to the image restoration
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and boosts confidence of the patients so they can return to society; who have suffered the
ravages of disfigurement.

2. Psychosocial intervention
The psychosocial effects of head and neck cancer are profound. Head and neck cancer
strikes at some of the most basic human functions such as speech, taste, breathing, diet
changes including facial disfigurement .This traumatic experiences poses great emotional
threat to the patient and hinders their capacity to lead a normal life. The combination of
exacerbated psychological distress and maladaptive coping strategies leads to impaired
functioning and decreased rating of overall QOL (Haman 2008).
In specific reference to cancer, distress is defined as an unpleasant emotional experience of a
psychological (cognitive, behavioral, emotional), social and / or spiritual nature that
interferes with the ability to cope effectively with cancer, its physical symptoms and its
treatment. Distress extend along a continuum, ranging from normal feelings of
vulnerability, sadness and fears to problems that can become disabling, such as depression,
anxiety, panic, social isolation and essential spiritual crisis (NCCN Practice Guidelines in
Oncology 2005, as cited by Haman 2008).
An oncology social worker may help patients by providing access to valuable community
resources and psychological assessment and intervention like head and neck support
groups, which include other patients with similar cancers. Issues concerning treatment
expectations, adjustment to diagnosis and coping strategies, during pretreatment counseling
can reduce patient’s uncertainty and help to restore their sense of control (Breitbart et al.,
1988). The understanding of the psychological implications plays an important role in the
management of patients with jaw defects (Rosenthal, 1964 as cited by Gillis, 1979). The
primary goal should be to treat the person rather than just the defect (Lehman W.L. et.al.
1966 as cited by Gillis, 1979).
Rehabilitation is to help to readapt a disabled person to society, but ultimately it is the
society that must be rehabilitated to reduce its prejudice, foster inclusiveness and increase
acceptance of difference (Hearst, 2007).

3. Scope of prosthodontic services in rehabilitation of maxillofacial complex
Maxillofacial prosthetic services is to rehabilitate individuals who suffer anatomical
compromise due to congenital disorders, trauma and oral/facial malignancies. Head and
neck cancer patient presents a wide array of rehabilitative challenges associated with
speech, mastication, deglutition and esthetics. Maxillofacial prosthetic treatment is not a
substitute for plastic and reconstructive surgery, in certain circumstances it may be an
alternative. Maxillofacial prosthesis provides a nonsurgical treatment for patients who are
not good candidate for plastic surgery intervention because of advanced age, poor health,
very large deformity or poor blood supply due to radiation. Moreover prosthetic treatment
is indicated when anatomical structures of head and neck are not replaceable by living
tissue, when recurrence is likely, when radiotherapy is administered or when fragment of
fractured bones are severely displaced. (Chalian et al., 1972). Prosthodontic rehabilitation
has specific advantages since it requires little or no additional surgery and the results are
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often more esthetically pleasing and less invasive than plastic surgery. The primary
objectives of maxillofacial prosthetics and rehabilitation are to construct a prosthesis, which
will restore the defect, improve function, enhance esthetics, return the patient back to
society and thereby boost the morale of the patient contributing to the quality of life of the
cancer patient.

4. Role of Maxillofacial prosthodontist as a member of multidisciplinary team
The role of maxillofacial prosthodontist varies depending on the modality of treatment. As a
critical member of the multidisciplinary team, the maxillofacial prosthodontist co-ordinates the
efforts in many facet of patient care. The prosthodontist must be acutely alert towards the
medical health of the patient and be familiar with the various hospital protocols. He is best
qualified to provide prosthetic support to the surgeon by preparing facial moulages and
surgical stents to aid postoperative recovery. Communication with the surgeon as far as extent
of disease, precise surgical technique, anticipated postoperative defects and healing time could
help to plan the treatment. Recommendations can be made for the preservation of tissues or to
improve the existing anatomical structures to improve the retention, stability and support for
the prosthesis. (Zlotolow, 2001) Similarly, interaction with the radiation oncologist can render
opinion regarding oral and dental condition, and recommended extraction of teeth,
maintenance of teeth post radiation since the radiation might modify the care of teeth and
mouth. Co-ordination with speech pathologist to gain knowledge about mechanics and
physiology of speech can help to design the prosthesis, which can fulfill the requirements of
resonance, phonation and articulation. (Chalian et al., 1972). Other specialists should be
consulted as and when required. Primary concern of the treatment is to assure that the oral
cavity is prepared to reduce the potential untoward effects of cancer treatment. The patients
should be educated regarding the possible short term and long-term complications of
chemotherapy and radiotherapy, trained in oral hygiene methods and therapeutics for oral
health preservation and rehabilitate the post surgical defect utilizing prosthesis. Long term
follow up and evaluation with an eye to the possibility of lesion recurrence is a part of the
crucial contribution by the prosthodontist (Khan Et.al., 2006).

5. Presurgical prosthodontic intervention
A comprehensive oral and dental examination should be part of the presurgical intervention.
The success of prosthetic treatment for a head and neck cancer patient may depend on the
accuracy and adequacy of pre-surgical records. Presurgical records such as articulated
diagnostic cast, jaw relation records, profile template of the midline of face, matching tooth
shape and shade, radiographs, photographs of the mouth and face from strategic angles, facial
moulage may be obtained for optimum post treatment outcome. Elimination of existing local
infection, extraction of teeth with poor prognosis, restoration of teeth that has to be retained to
support the prosthesis, modification of oral structures to anticipate the needs of subsequent
treatment procedures such as alveoloplasty, gingivoplasty etc. may be required, as time
permits. Existing dental prosthesis may be modified to serve as treatment prosthesis or
preparation of surgical stents. Thus, an optimum oral environment should be maintained in
order to provide freedom from infection and facilitate early recovery of tissues (Davenport,
1996, Jerbi, et al., 1968) Nutritional and psychological assessment and intervention should be
included in the protocol.
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Factors influencing the prognosis of prosthetic rehabilitation are size of the defect,
availability of hard and soft tissues in the defect area to provide support for the prosthesis,
proximity of vital structures, patient’s attitude, temperament, systemic conditions and the
patient’s ability to adapt to the prosthesis. (Desjardins, 1978, Brown, 1970). Thus providing
education, increasing awareness on possible changes, building of rapport and a working
relationship with patients and their families are crucial during the pretreatment phase
(Dingmam, et.al. 2008).These days CAD/CAM technology can be utilized in preprosthetic
planning to prepare facial moulages and fabricate surgical stents for precise placement of
implants when indicated.

6. Postsurgical prosthodontic rehabilitation of acquired defects
Head and neck cancer patients undergoing surgical resection as primary modality of
treatment require prosthetic rehabilitation for restoration of speech deficits, control of oral
secretions, mastication and swallowing dysfunction and possibly restoration of facial
disfigurement. These defects can be divided into maxillary and mandibular defects.
6.1 Maxillary defects
Acquired defects of the palate may be due to surgery and or trauma. The defect may be in
the form of a small opening resulting in communication from the oral cavity into the
maxillary sinus, or it may include portion of the hard and soft palate, alveolar ridge and the
floor of the nasal cavity (Chalian 1971).
Post surgical maxillary defects predispose the patient to hypernasal speech, fluid leakage
through the nose including possibility of aspiration and impaired masticatory function
(Keyf, 2001).The prosthesis constructed to repair the defect is termed as a maxillary
obturator. An obturator (Latin; Obturare, to stop up) is a disc or plate used to close an
unnatural opening or defect. The placement of an obturator restores oronasal separation to
allow an increase in intraoral pressure and a decrease in nasal airflow rate. (Yoshida H.,
et.al. 2000). Obturators provide immediate improvement in speech articulation and
intelligibility, voice quality and swallowing that approximates pre-surgical function
enabling the patient to eat and drink immediately. Possible support is provided to the
orbital content to prevent enopthalmous and diplopia, lips and cheeks are supported to
restore the midfacial contour to improve the esthetics (Wang, 1997).Obturators are
constructed in three phases, fulfilling different objectives in each phase.
6.1.1 Surgical obturator
It is constructed from pre operative cast after determining the approximate surgical
boundaries of resection preoperatively by consulting the surgeon. At this point, it is an
approximate guess relying on radiographic findings (Figure1a&b). The surgical obturator is
inserted and sutured, screwed or wired at completion of resection. It separates the oral and
nasal cavities, provides support for surgical packing, supporting the split thickness skin
graft if used, minimizes wound contamination, enables the patient to speak and swallow
immediately after surgery (Huryn, 1989).
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(a)

(b)

Fig. 1. (a) Surgical Obturator with bone screws (b) Obturator screwed after resection
6.1.2 Interim/provisional obturator
The surgical obturator sometimes can be modified to compensate for tissue changes or
surgical defect, which is different from the pre-surgical determination to form the
provisional obturator. Usually it is constructed from post surgical impression to accurately
reflect the defect. It replaces the surgical obturator and is worn in the postoperative healing
period. The interim prosthesis in addition to clasps for retention can have anterior teeth for
esthetics and a flange for lip and cheek support, which contributes to the patient’s well
being and social integration. Use of molar teeth is avoided to minimize occlusal pressure on
the defect. The obturator is relined periodically for better adaptation as the healing progress.
Good oral hygiene is encouraged during the healing phase. (Martin, 1993)
6.1.3 Definitive obturator
It is a more permanent prosthesis designed and fabricated when the surgical site is stable
usually between six months to a year and local recurrence is ruled out. Precise impression of
the defect is made for the fabrication of the prosthesis that allow maximum distribution of
forces to all available teeth if present, remaining hard palate, lateral walls of the defect and
remaining alveolus. In addition, occlusal relationship must be obtained to make the
prosthesis cosmetic as well as functional (Fig.2a, b, c &d). Obturator bulbs for large defects
can be made hollow to reduce the weight on the surgical side and improve retention of the
prosthesis and comfort of the patient. (Payne,et al., 1965, Ampil, et al., 1967, Brown 1969,
Chalian,et al., 1972, Buckner 1974, Benington,et al., 1982, Wiv ,et al., 1989, Wang,et al., 1999,
McAndrews, et al., 1998 as cited by Keyf 2001).
6.1.4 Consideration for management of edentulous patients
Fabrication of an obturator for the edentulous patients provides major challenge because of
the lack of support from teeth and lack of suction. In addition, excess resorption of the
residual edentulous ridges may be encountered, demands equalization of stress distribution
to available portions of the palate. In such conditions retention stability and support can be
enhanced by maximum preservation of hard palate, skin grafting the cheek and maxillary
sinus wall for better support and removal of inferior turbinates to provide a larger surface
area for stress distribution (Jackob, et al., 2000).
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(a)

(b)

(c)

(d)

Fig. 2. (a) Hard Palate Defect (b) Partial denture definitive obturator
(c) Prosthesis replacing missing teeth (d) Prosthesis restoring esthetics and function
6.1.5 Hygiene considerations
Patients using an obturator must conduct meticulous daily cleaning of the defect and the
prosthesis to prevent malodor and infection. As most patients remain with a resection,
cavity, which allows the nasal and oral cavities to communicate, collection of mucous, and
blood become encrusted and colonized by anaerobic bacteria in the area resulting in foul
smell, nasal obstruction and discomfort. As the normal mucociliary, apparatus is no longer
able to clear the secretions patients must be taught to clean and maintain the cavities
themselves (Odell.et al., 2007). When teeth are present, high level of oral hygiene should be
maintained especially for patients who exhibit xerostomia and have an increased risk of
caries. Fluoride application and professional cleaning are mandatory (Fig.3).
6.2 Management of soft palate defects
Prosthesis for soft palate defects varies based on the extent and site to attain velopharyngeal
closure during functions such as speaking and swallowing. Palatopharyngeal closure

Prosthodontic Rehabilitation of Acquired Maxillofacial Defects

321

Fig. 3. Custom fluoride trays, soft toothbrush and toothette for cleaning teeth
normally occurs when the soft palate elevates and contacts the lateral and posterior
pharyngeal walls of the nasopharynx. Acquired defects of soft palate results in insufficient
tissues or altered function of the remaining structures to provide palatopharyngeal closure.
Prosthesis to aid in correcting palatopharyngeal insufficiency can be accomplished by
providing pharyngeal obturator/speech bulb prosthesis. A portion of obturator extends into
the pharynx to separate oropharynx and nasopharynx, restores the soft palate defect and
allows adequate closure of palatopharyngeal sphincter (Abrew, et.al., 2007, Saunders, 1993,
Beumer, et.al., 1996 as cited by Tuna, et al. 2010).
A meatus obturator is designed to close the posterior nasal chonchae through a vertical
extension from the distant aspect of the maxillary prosthesis. (Eckert, et.al. 2000). This
obturator design may be indicated when the entire soft palate has been lost in an edentulous
patient.
Palatal lift prosthesis is provided for patients with speech disorders due to
palatopharyngeal incompetency normally caused by closed head injuries. The purpose is to
elevate the soft palate to the level of the palatine plane, enabling velopharyngeal closure by
the actions of pharyngeal walls thus improving the quality of speech and reducing the effort
required to speak (Gonzalez, 1970, Gibbons, et al., 1958).A speech pathologist is involved in
training a patient to use the prosthesis to advantage. Palatal lift prosthesis cannot function
by itself, but compliments a speech therapists training for the patient.
6.3 Defects of mandible, tongue and associated structures
Treatment of mandibular defects includes, defect from surgical resection of mandible,
tongue, floor of mouth and associated structures. Disabilities resulting from such resection
include impaired speech articulation, difficulty in swallowing, trismus, deviation of
mandible during functional movement, poor control of salivary secretions and severe
cosmetic disfigurement, (Beumer,etal.,2003 ). Based on the amount of resection or extent of
bone loss, mandibular defects can be classified as continuity and discontinuity defects.
Mandibular discontinuity can be managed by immediate on delayed surgical reconstruction
to re-establish continuity. Loss of mandibular continuity if not re-established alters the
symmetry of mandible, leading to altered mandibular movement and deviation of the
residual mandible towards the affected side. Different methods used to reduce mandibular
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deviation are intermaxillary fixation, mandibular guidance appliances, sectional dentures or
resection prosthesis. Resection prosthesis may require use of a guide flange or a maxillary
occlusal platform incorporated in the prosthesis to guide the mandibular segment into
optimal occlusal contact. This prosthesis is made four to six weeks after cancer surgery, after
initial healing is complete and the patient is able to open and close the mouth adequately.
Mandibular exercise regimen is advocated simultaneously.
According to Beumer and Curtis, intemaxillary fixation is most useful in patients with
resection confined to the mandible with little soft tissue loss. The design of mandibular
guidance prosthesis for partially edentulous mandible incorporates a rigid major connector,
occlusal rest, guide planes and obtains major support from adjacent teeth and soft tissues. In
edentulous patients, the dentures are extended into the soft tissue for added stability. An
occlusal ramp is added to the palatal side of the maxillary denture to guide the mandible
into proper occlusion. The severity of disabilities combined with composite resection of
tongue, floor of the mouth and mandible is greatly reduced by the introduction of micro
vascular free flap and possible osseointegrated implants depending on the amount and
areas receiving radiation. A free tissue transfer with the fibula allows the possible placement
of dental implants to support resection prosthesis. (Zlotolow, 2001)
6.3.1 Glossectomy defect
When a patient undergoes a partial on total glossectomy, the ability to masticate, swallow
and formulate vowels and consonants for speech sounds is dramatically altered. The size,
location and extent of the defect affect the degree of disability to swallow or speak. The
areas of surgical resection that affects function of the tongue include removal of the anterior
tip of the tongue, lateral (partial) glossectomy, removal of the base of the tongue and total
glossectomy. Moore (1972) as cited by Zaki H.S., suggested tongue prosthesis as the
treatment of choice in total glossectomy. This approach seldom restores the function of
speech and swallow; it is mostly cosmesis. An artificial tongue of either hard or resilient
acrylic is attached to the lower denture base, which covers the alveolar ridge as well as floor
of the mouth. The artificial tongue is designed in such a way that the dorsum of the anterior
two third of the tongue conforms to the anterior of the palate and comes almost in contact
with the palate when the teeth are brought into occlusion. The posterior one third of the
tongue is designed to act as a funnel, which directs the food and fluids into the oesophagus.
Palatal augmentation (or drop) prosthesis is indicated when the tongue resection and
reconstruction results in limited bulk and restricted movement of the reconstructed tongue
resulting in reduced tongue palate contact. The palatal augmentation prosthesis allows
reshaping of the hard and /or soft palate to improve tongue/palate contact during speech
and swallowing. This could be a removable partial denture or complete denture prosthesis.
(Laaksonen J.P. et al. 2009).
While rehabilitating a glossectomy patient the oral functions of the residual structures must
be assessed. In addition to the extent of the defect factors such as mobility of the residual
oral and paraoral structures, neuromuscular co-ordination and motivation will also
determine the prognosis of the case.

7. Extraoral facial defects
The face is the most prominent visible part of the body and provides sense of identity to a
person. Functionally, it animates emotion, communicate and intellect and provide the
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essential access routes to the respiratory and gastrointestinal system. Cognitively the region
is the sole source of vision, hearing, taste and smell. Thus, facial disfigurement whether
congenital or acquired has the potential to cause multiple problems and psychosocial
dysfunction (Dropkin, 1999, Sarwer, Thompson, 2001 as cited by Wallace 2008). Such
patients with facial disfigurement spend significant portions of their lives dealing with
stigma. Stigma is a mark of disgrace attached to people who are considered different. When
the actual social identity is perceived as departing from normality the individual is reduced
in our minds from a whole and usual person to a tainted, discounted one “Such an attribute
is stigma (Goffman 1963 as cited by Bonanno et.al., 2010). Stigmatized and socially excluded
their ability to interact is often distorted and interaction is the source of problems including
verbal and physical abuse, ridicule hostile behavior and isolation (Kish et.al. 2000, Furness
et.al. 2006, Hagedoorm, t.al. 2006 as cited by Bonaeno, et.al. 2010).
Facial defects can be restored either surgically or prosthetically depending on the location
and size of the defect, the surgeon is limited by the availability of tissues, changes due to
radiation and the need for future visual evaluation for recurrent cancer.
Prosthetic restoration of facial defects is a combination of art and science requiring
multidisciplinary approach focusing on the area involved for rehabilitation such as an eye,
ear, nose or midface. A prosthetic replacement of an exterior part is termed as epithesis,
which is described as early as seventh century (Van Doorne, 1994). There are definite
limitations of both treatment modalities. The material available for facial restoration,
movable tissue bed, limits the prosthodontist in retaining a large prosthesis and patient’s
willingness to accept the restoration (Beumer, et.al. 2003).
Prosthetic replacement of missing facial tissues has several advantages over surgical
reconstruction. The process is relatively inexpensive, allows for periodic evaluation and
cleaning of the site. It is a short process and the maxillofacial clinician has complete control
of color, shape and position of the prosthesis. Disadvantages include possible irritation of he
tissue site need for periodic remake and depending on adhesive on some other form of
retention (Lemon, et.al. 2005). The goal of facial rehabilitation is to provide a natural, life
like, integrated, esthetically pleasing, anatomically correct prosthesis, which blends with the
body specially the surrounding structures. Knowledge of material science is the key to
provide best care for patients.
7.1 Materials used for maxillofacial prosthesis
Desirable properties of a maxillofacial prosthetic material includes durability,
biocompatibility flexibility light weight, color stability, hygiene, thermal conductivity, ease
of fabrication and use, texture, availability and cost (Beumer, et al., 1996). Ambroise Pare
who made varied contribution to standardize the indications for and material used in facial
prosthetics. Amongst the large number of materials that have been tried out in the history of
Anaplastology, example porcelain, natural rubber, gelatin and latex, two have established
themselves, Methyl Methacrylates and Silicones (Andres, 1992). Methacrylates are relatively
hard and more durable. Silicones are soft and flexible. Dr. Tsun Ma in a clinical overview of
the materials stated that amongst the commercially available materials none of them is
considered ideal. Different elastomers have their own physical and mechanical properties
and share common clinical problem such as 1) discoloration over time (intrinsic and
extrinsic discoloration due to environmental factors and loss of external pigments) and 2)
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degradation of physical and mechanical properties (tear) at the margin, lack of
compatibility with medical adhesives, weakening of margins by colorants, adhesives,
solvents and cleansers and deterioration of static and dynamic mechanical properties. Most
discoloration and tear occurs when patients remove prosthesis or adhesives (Khan et al.,
1992).Over the years there has been some improvement in facial biomaterials; but still there
exists a clear need for new or improved facial materials in all clinical situations. (Lemon
et.al. 2005).However studies have shown that chlorinated polyethylene may have advantage
over conventional silicone rubber material in its ability to be repaired, relined or
reconditioned, extending the life of the prosthesis. In addition, it can be used with any
adhesive type. It has greater edge strength, does not support fungus growth and is cost
effective as compared with silicone materials except processing of this material is complex
and difficult (Gettleman et.al. 2004, Gettleman 1992, Gettleman et.al. 1989, Gettleman et.al.
1987, Gettleman et.al. 1985, as cited by Lemon et.al. 2005).
7.2 Types of extraoral prosthesis
These prostheses may include orbital/ocular, auricular, nasal or combination including
midfacial prosthesis. The construction of facial prosthesis consists of four stages each
equally important to the success of the rehabilitation effort and each requiring meticulous
attention to detail (Andres,et al., 2000) Moulage impression and working cast fabrication,
sculpting and formation of the pattern, including color match, mold fabrication and
processing of the prosthesis with intrinsic and extrinsic coloration.
7.2.1 Auricular
Prosthetic replacement of the missing or altered ear can provide excellent cosmetic results.
The advantage of an auricular prosthesis relates to the lateral face position and the effort to
use hair to conceal the superior and posterior margin. When an auricular prosthesis is
indicated, the entire ear should be removed except for the tragus. It provides a landmark for
repeated placement since it is not easily displaced and helps to hide the anterior margin of
the prosthesis (Carr, 1998). It also makes it easy for the patient in placement of the prosthesis
especially if adhesives are used. Replacement of a complete ear is easy since it allows
complete freedom of shape, size and location. The recipient areas should be flat or concave.
Convexities from excessive bulk can hamper esthetic results (Parr et al. 1981 as cited by
Lemon et al. 2005). Skin devoid of hair provides good adhesion base yet a split thickness
graft is advantageous. Tissue pockets assist in the orientation and stability of the prosthesis
and allow the margins to extend in a zero degree emergence profile. Craniofacial implants
specifically designed to be placed in the mastoid temporal bone permit positive retention for
auricular prosthesis and the ease of placement. (Fig.4a&b)
7.2.2 Nasal
Since nose is very prominent, centrally located and difficult to disguise on the face, making
prosthesis with realistic effect is of vital significance. Presurgical photographs can aid for
accurate replication of the patients original nose preservation of nasal bone to provide
retention and support should be emphasized. Maintaining the anterior nasal spine helps to
determine the final position of lip (Marunick, et al. 1985 as cited by Lemon, et al., 2005).
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(a)

(b)

Fig. 4. (a) Two Implants placed in mastoid/temporal region (b) Implant retained Silicone
Auricular prosthesis
Attempts should be made to camouflage the margin with the surrounding anatomy and
match the color, texture and translucency of skin. If cranio-facial implants are indicatedpreferred site for implant placement is the anterior floor of the nose and maxilla region,
which provides greatest bulk for the superstructure and retention mechanism (Carr, 1998).
7.2.3 Orbital/ocular
Different surgical procedures such as evisceration enucleation or an exenteration requires
different prosthetic approach. Ocular prosthesis is simple as it replaces only the orbital
contents, the eyelids are intact (Fig.5 a&b). Orbital excenteration defects are most
challenging to restore. Facial expression around the margin makes it difficult to achieve an
accurate fit without the margins being lifted. Skin grafting with split thickness graft,
sufficient depth for placement of components, minimum margin tissue distortion,
preserving eyebrow position and rounded orbital margin helps to enhance the prognosis of
the prosthesis. Placement of craniofacial implants for larger defects is generally located in
the supraorbital rim or lateral rim of the residual orbit. Medial placement of the implant is
discouraged due to diminished bone quantity and quality (Nishimura et al., 1998). It is
always recommended for the patient to wear glasses to protect the natural eye and to
camouflage the non-blinking prosthetic eye.
7.2.4 Retention of extra oral facial prosthesis
Achieving adequate retention for maxillofacial prosthesis is quiet an uphill task. The
surgical procedures often sacrifice a large part of retentive feature. A wide range of retention
methods are available depending on the requirement of an individual case, consideration
should be given to the location and size of the defect, tissue mobility, undercuts and the
material weight of the prosthesis, (Chalian, et.al. )The retention action can be broadly
classified as Anatomical factors such as already existing on created undercuts
areas/concavities etc.Limitation with its use is irradiated tissues, which should be spared of
undue stress. The prosthesis may abrade the tissues causing ulceration.
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Ocular Defect

Ocular Prosthesis

Fig. 5. Ocular Defect Ocular Prosthesis
Mechanical retention by means of attachment to external devices such as eyeglasses,
headbands or straps, stud clips, snap buttons, magnets.
Adhesives are simple and commonly used form of the retaining extraoral prosthesis. They are
available in two common form liquid (Silicone or acrylic based) or double sided medical
grade tape. Adhesive choice will depend on the material it will bond. There are limitations
to adhesive retention methods. Movement of the skin around the prosthesis, high humidity,
oily skin or profuse sweating will loosen the marginal seal and border adaptation of the
prosthesis. Meticulous cleaning is required to prevent moisture build up and infection.
Some patients may be allergic to the adhesives used. Other, most reliable form of retention
when indicated is craniofacial implants.
Retention is a significant challenge in rehabilitation of maxillofacial defects necessitating
careful planning, meticulous surgical technique and skillful prosthetic planning.

8. Implants in maxillofacial prosthodontics
Osseointegrated implants forms a fixed bone anchored retention method providing a stable
platform for retaining an extraoral or intraoral prosthesis. It is defined as a process whereby
clinically asymptomatic rigid fixation of alloplastic materials is achieved and maintained in
bone during functional loading (Zarb, et al., 1991). Since their introduction in 1977 to
support, a bone conduction hearing processor (Tjellstrom 1990) osseointegrated implants
have superseded their application in maxillofacial prosthetic rehabilitation than any other
forms of retention. The improved retention enhances functional and esthetic advantages in
facial prosthesis, greater accuracy and a better marginal fit enabling the thinner margins
blend more effectively will adjacent tissues. This is dictated by the amount, type and area of
radiation including proper placement of implants and remaining hard and soft tissues
contours post surgically.
Most implants used in maxillofacial prosthesis are made of titanium and are cylindrical.
They are anchored in the bone using threads. The placement of implant usually requires two
minor surgeries, with high precision and aseptic conditions. The first surgery is the insertion
of titanium fixtures/ implants into the bone and osseointegration is allowed to occur 4-6
month in accordance with the bone quality. In the second surgery, the implants are
uncovered and the retentive element called as abutment is placed on the implant (Parr, et.al.
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1981 as cited by Lemon, et al., 2005). The abutment can be used to hold a bar so that the
prosthesis can be clipped into place or magnets can be used. Successful osseointegration
depends on various factors. These include implant material biocompatibility, implant design
and surface characteristics as well as surgical and loading conditions.
The introduction of advanced surgical procedures such as microvascular free tissue transfer
has improved the treatment outcome. Free flap is an autogenous vascularized transplant,
which involves the harvesting and detachment of bony and muscle tissue with its blood,
and nerve supply and re-establishment by reanastomosis to suitable recipient site vessels
(Mitchell, 2005 as cited by Fearraigh, 2009). Implants placed in the free flap reconstructed
bone perform same as those placed in native bone. Use of implants in irradiated bone has
been controversial. There is risk of developing Osteoradionecrosis of the mandible when
carrying out surgical procedures such as implant placement. Certain factors needs
consideration in placing implants in patients treated with radiation therapy for head and
neck malignancies. The use of hyperbaric oxygen therapy (HBO) may help to revitalize the
bone leading to improved success rate. It has been shown to prevent osteoradionecrosis in
patients undergoing post radiation mandibular surgical procedures. The risk of
ostcoradionecrosis is dependent on the radiation dose. Studies in the literature have
suggested that an upper limit of 55 Gy should not be breached without the use of HBO.
Disagreement as to when implants should be placed in irradiated bone remains. Zygomatic
implants introduced by Branemark in 1988 are an alternative treatment modality to bone
augmentation and sinus lift, where insufficient bone exists for maxillary implant placement
(Kantas et al. 2002, Granstom, et al. 1992, Branemark 1998, Shaw, et al. 2005, as cited by
Fearraigh P.O. et al. 2009).

9. Use of prosthodontic splints and stents in radiotherapy
Radiotherapy is increasingly being used in the management of head and neck cancer prior
to or after surgery, either in combination with or without chemotherapy. Unfortunately, this
treatment causes complications by increasing the morbidity of the surrounding tissues. This
includes oral mucositis, infections, xerostomia, radiation caries, increased potential for
osteoradionecrosis from infection (Fig.6a, b, c&d) or trauma to irradiated bone, trismus,
altered taste sensation etc.
As a preventive measure, or to minimize the severity of the side effects, radiotherapy
protective devices/stents can be fabricated and used during the treatment (Kaanders, et al.,
1992, Chambers, et al., 1995, Schaaf, 1984 as cited by Mantri, et al., 2010). These stents are
used to protect or displace vital structures, locate diseased tissues in repeatable position
during treatment, position the beam, carry radioactive material or as a dosimetric device to
the tumor site, recontour tissues to simplify dosimetry and shield tissues. (Figure 7, 8 &9)
Before radiation treatment begins, flexible mouth trays can be fabricated which covers the
teeth and are used to apply topical fluoride to prevent the onset of radiation induced tooth
decay. Radiation of maxillary and hard palate tumors often includes the
Temporomandibular joint and muscles of mastication, which causes stiffness of the joint,
and fibrosis of the muscles followed by trismus, this can be minimized by oral exercises and
use of appliances.
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(a)

(b)

(c)

(d)

Fig. 6. a. Mucositis, post radiation showing desquamation of mucosa of dorsal surface of
Tongue and Cheek. b. Keratitis of lips due to chemotherapy. c. Osteoradionecrosis showing
ulceration, errythema of soft tissues, and bony sequestration. d. Radiation caries.

(a)

(b)

Fig. 7. (a) Intraoral lead shield for unilateral radiation (b) Shield in position in mouth
protecting tongue and opposite side of the jaw.
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Fig. 8. Position maintaining stent

Fig. 9. Tongue depressing stent
Several prosthetic aids such as bite openers or exercises devices (Fig 10) can be used to help
in the prevention of fibrosis of the muscles and to assist the patient in maintaining the
mouth opening to eat and maintain oral hygiene.

Fig. 10. Therabyte appliances for oral exercise
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10. Patient education
Communication and education is the key for accepting the prosthesis. Successful use of
prosthesis may depend on the patient’s psychological acceptance. Rehabilitation is not a
passive process. The patient must be an active participant. Patients participation in the
decision making process with realistic expectations is of vital significance. They should be
educated about the treatment choices and convinced of their personal responsibilities
towards the use and care of the prosthesis. The need for professional re-evaluation on a
frequent periodic schedule should be emphasized to determine its adaptability to soft
tissues, stability, retention, tissue receptivity, occlusion function and esthetics.

11. Changing era in maxillofacial prosthetics
The field of maxillofacial prosthetics is embracing the rapid explosion of technology. The use
of ossoeointegrated implants has broadened the treatment options. New technologies offer
standardized quality, excellent precision of fit and outstanding biocompatibility, combined
with adequate mechanical strength and provision for esthetic design. Success of implants is
based on precise preoperative planning of the implant placement and the restoration. Modern
three-dimensional (3D) imaging techniques such as digital volume tomography allow the
acquisition of radiologic data with very low levels of radiation and excellent image accuracy
and allow the processing of these data with various types of soft -ware application. It is
possible to predetermine the precise 3-D position of the planned implant before the actual
insertion of implant and thus enhance the placement process. Treatment planned in this way is
fast, minimally invasive and predictable. This increases the quality of surgical procedure and
restoration (Marquardt, et.al. 2009). The advent and increasing availability of 3-D cone beam
computerized tomography (CT) and 3-D digital panoramic imaging machines makes it easier,
timely and less costly to obtain images (Angelopoulos et.al. 2011 as cited by Serio F.G. 2011)
C.T. images are extremely useful as a visualization and diagnostic tool. The use of CT also
allows for the discovery of other lesions of head and neck not visible by older imaging
technique. Magnetic Resonance Imaging (MRI) is another technology, which is more sensitive
than CT at showing the difference between soft tissue types and is a useful tool for detecting
the early stages of abnormalities in soft tissues.
The introduction of laser technology, 3-D computer aided designing (3-D-CAD) and
computer aided manufacturing (CAM) also known as rapid prototyping (RP) or free form
fabrication has revolutionalized the field of maxillofacial technology. CAD /CAM
technologies are capable of alleviating most of the limitations of conventional techniques.
With rapid prototyping, a life like prosthesis can be fabricated. CAD/CAM technology is
changing the restorative quality and concepts of the future. Hopefully the cost for using
these technologies in maxillofacial prostheses will drop with time for more wide utilization.
Biological improvements and the regenerative possibilities for regaining lost bone have
shown continued advancement in the use of growth factor and bone proteins including
recombinant bone morphogenetic protein and helping the clinician’s ability to provide bone
for accurate implant placement.
Color matching of facial prosthetic elastomers to skin color with portable spectrophotometer
and computerized color formulation has been developed and has achieved clinical success
(Seelaus R et.al. 2000, Troppmann R.J. et.al. 1996 as cited by Wolfaardtt J. et.al. 2003).
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Relevant research on biomaterials advancement in surgical reconstruction such as
microvascular free flap tissue transfers, bone-grafting methods have collectively helped to
enhance rehabilitation outcomes.

12. Future vision
If the bridge between the existing chasm between oncology and rehabilitation has to be
crossed several important challenges remains to be solved. Those challenges include 1) a
paucity of outcome evaluation metrics 2) underdevelopment of the evidence base for cancer
rehabilitation 3) the need for workforce development and 4) the absence of a health policy
framework for cancer rehabilitation to support optimal service delivery, access to care and
reimbursement (Mitchell S.A. 2010). Outcome is a major factor dictating treatment decisions
and funding allocation. Quality of life outcome is equally important as survival rates. Those
conducting research must ensure that evidence based research has its application to
evidence based clinical practices. The reluctance to accept new treatment in clinical practice
is a result of lack of adequate evidence. There is a need for transformation of educational
programs. Core curriculum or competencies for cancer rehabilitation needs to be revised
(Wolfaardtt et.al. 2003). The technological advancement as well as public demand for
professionals accountability has increased the need for continuing and accessible education
and specialized training for the professionals working with head and neck cancer patients.
Interesting challenges are provided by robotics in the development of active prosthesis
(Honda M. et.al. 1996, Klein M. et.al. 1999, as cited by Wolfaardt et.al. 2003) such as blinking
and moving eye. Exciting developments in tissue engineering is likely to change the
methods of reconstruction of tissue defects in the future. (Nusenbaum, et al., as cited by
Kuriakose et al, 2007).Tissue engineering involves regeneration of new tissue with biologic
mediators or scaffold. Success of tissue engineering depends on the effective participation of
three components-scaffolds, signaling molecules and cells. Newer Scaffold materials with
improved mechanical properties to provide tissue morphology and enhanced chemical
properties to serve, as a bio-molecule carrier needs to be developed. Much research is being
carried out in the field of muscular and neural tissue regeneration, which may have an
impact in orofacial reconstruction in the future (Fearraigh, 2009).
Developing patient centered rehabilitation models, proposing evidence based guidelines
through co-ordinated efforts of interdisciplinary teams should be on the agenda. Health
policies to improve rehabilitation outcomes during and post surgical cancer treatment will
be beneficial in rendering quality services to the cancer patient. Due to small number of
newly diagnosed head and neck cancers in the United States, funding for research and
development is limited. It is up to other countries where numbers are much greater to
pursue this goal for helping these unfortunate patients. The economic impact of professional
fees in maxillofacial prosthetics is difficult to summarize; since each case is unique and
varies from region to region and country. It is also dictated by the treatment plan and the
type of prosthesis. For example a nasal prosthesis retained by adhesive costs less than one
retained by cranio-facial implants.
Restoration with a prosthesis is less expensive than plastic and reconstructive surgery.
Innovations in digital technology can be time saving and more precise but presently at
significant cost for maxillofacial prosthesis. The investment in this technology should be
based on subjective and objective assessment in terms of quantity and quality of outcome.
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13. Conclusion
Rehabilitation of patients with acquired maxillofacial defects has always remained an
enigma for the prosthodontist. The unpredictable nature of the defects and the uncertainty
of recurrence have made the job of the prosthodontist more challenging. An attempt is made
to discuss in brief the prosthetic aspects in rehabilitation of the patients with head and neck
cancer. It stresses upon the need for multidisciplinary approach psychosocial consideration
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and the scope of prosthodontic services and the role of the maxillofacial prosthodontist in
improving the QOL of such patients with different postsurgical defects. Although there are
remarkable advances in technique and materials in past several years the full potential and
utilization of maxillofacial prosthodontic services is yet not in sight. Today there is a need
for dedicated and enthusiastic specialist coming forward and seeking specialized training
for treating such patients. The integrated efforts, sound knowledge and practical implication
in rehabilitating patients with acquired post surgical defects will help to bring smile and
hope for patients with head and neck cancer now that longterm survival is achievable.

14. References
Andres. (1992) Survey of materials used in extraoral maxillofacial prosthetics. In Gettleman,
L., Khan, Z. Eds. Proceedings of the conference on material research in
maxillofacial prosthetics. Transactions of the Academy of Dental Materials. Vol. 5,
pp. 25-40.
Andres, C.J. sss& Haugh, S.P. (2000) Facial prosthesis fabrication: Technical aspects. In
Clinical Maxillofacial prosthetics, Taylor, T.D., Ed, ISBN 086715-391-1, Illions.
Beumer, J. III & Zlotolow, I. (1979) Restoration of facial defects, etiology, disability and
rehabilitation. In Maxillofacial rehabilitation, Proshodontic and surgical
considerations, Beumer, J., Curtis, T.A., Marunik, M.T., Eds. pp. 311-323, C.V.
Mosby Company ISBN 0-8016-0676-4. USA.
Beumer, J., III, Zlotolow, I.M., & Sharma, A.B. (2003) Restoration of Palate, Tongue,
Mandible and facial defect, in Oral Cancer. Silverman, S., Ed., B.C. Deker Inc., ISBN
1-55009-215-4, Ontario.
Bonanno, A and Choi, J.Y. (2010) Mapping out the social experience of cancer patients with
facial disfigurement, Health , Vol. 2, No. 5, pp. 18-24.
Breitbart, W. & Holland, J. (1988) Psychological aspects of head and neck cancer. Semin
Oncol, Vol. 15, pp 61-69.
Brown, K.E., (1970) Clinical Considerations in improving obturator treatment J. Prosthet
Dent., Vol. 24, pp. 461-66.
Carr, A.B. (1998) Cosmetic and functional prosthetic rehabilitation of acquired defects. In
OtolaryngologyHeadandNecksurgery, Vol.1, 3rdedition, Cummings, C.W.,
Fredrickson, J.M., Harker, L.A., et al Eds, Mosby Publication, pp. 1612-1634.
Chalian, V.A., Drane, J.B. & Standish, S.M. (1972) The Evolution and Scope of Maxillofacial
prosthetics. In Maxillofacial prosthetics Multidisciplinary Practice. Chalian, V.A.,
Drane, J.B. and Standish, S.M. Eds., the Williams & Wilkins Company, ISBN
10:0683015125, Baltimore, USA.
Chalian, V.A., Bogan, R.L. and Snadlewick, J.W. (1972) Retention of Prosthesis. In
Maxillofacial Prosthetics Multidisciplinary Practice. Chalian, V.A., Drane, J.B. &
Standish, S.M., Eds., pp. 121-132, The Williams and Wilkins Company, ISBN
10:0683015125 Baltimore, USA.
Davenport, J. (1996) Managing the prosthetic rehabilitation of patient with head and neck
cancer. Dent. News, Vol., 3, No.3, pp. 7-11.
Desjardins, R.P. (1978) Obturator prosthesis design for acquired maxillary defects. J.
Prosthet Dent., Vol. 39, pp. 424-25.

334

Head and Neck Cancer

Dingman, C., Hegedus, P.D., Likes, C., McDowell, P., McCarthy, E., & Zwilling, C. (2008) A
Co-ordinated Multidisciplinary approach to caring for the patients will head and
neck cancer. J. Support Oncol, Vol. 6, No.3, pp. 125-131.
Eckert, S.E., Desjardins, R.P. and Taylor, T.D. (2000) Clinical Management of the soft palate
defect. In Clinical Maxillofacial Prosthetics, Taylor, T.D., Ed., pp. 121-132,
Quintessence Publishing Co.Inc. ISBN 0-86715-391-1, Illinois.
Fearraigh, P.O. (2009) Review of Methods used in the reconstruction and rehabilitation
of the maxillofacial region, J. of the Irish Dental Association. Vol. 56, No.1, 3237.
Gibbons, P. & Bloomber, H. (1958) A supportive type prosthetic speech aid. J. prosthetic,
Dent. Vol. 8, 362-374.
Gillis, R.E. (1979) Psychological Implications of patient care. In maxillofacial prosthetics,
Laney, W.R. &, Gardner, A.F., Eds., pp. 21-40, P.S.G. Publication Company, ISBN
0884161609,Michigan.
Gonzalez, T.B. & Aranson, A.E. (1970) Palatal lift prosthesis for treatment of anatomic and
neurologic palatal insufficiency. Cleft Palate Journal, Vol., 7, pp. 91-104.
Haman, K.L. (2008) Psychological distress, head, and neck cancer, Part 1- Review of the
literature. J Support Oncol. Vol. 6, No.4, April 2008, pp. 155-163.
Hearst, D. (2007) Can’t they like me as I am? Psychological intervention for children and
young people with congenital disfigurement. Dev. Neurorehab., Vol. 10, No.2, pp.
105-12.
Hubalkowa, H., Holakovsky, J., Bradza, F. Diblik, P. & Mazenek, J. (2010) Team approach in
the treatment of extensive maxillofacial defects. Five case report series. Prague
Medical Report, Vol. 111, No.2, pp. 148-157.
Huryn, J.M. Piro, J.D. (1989) The maxillary immediate Surgical Obturator Prosthesis. J.
Prosthet Dent, Vol. 61, pp. 343-47.
Jacob, R.F. (2000) Clinical Management of the Edentulous Maxillectomy patient. In Clinical
Maxillofacial Prosthetics, Taylor, T.D. Ed., pp. 85-102. Quintessence Publishing Co.,
ISBN 0-86715-39-1 Illinois.
Jerbi, F.C., Ramey, W.O., Drane, J.B., Margetis, P., Lebley, J.P., & Goepp, R.A., et.al. (1968)
Prostheses, stents and splints for the oral cancer patients. CA: A Cancer Journal
Clinicians, Vol. 18, No. 6, pp 327-352.
Keyf, F. (2001) Obturator prosthesis for hemimaxillectomy patients. J.Oral Rehab. Vol. 28,
pp. 821-29
Khan,Z.,Gettleman,L. & Jacbson,C (1992) Conference Report: Material Research in
Maxillofacial Prosthetics Dent Res.,Vol.71,pp1541.
Khan, Z. & Farman, A.G. (2006) The prosthodontist role in head and neck cancer and
introduction – Oncologic dentistry. J. Ind Prosthodont. Soc., Vol. 6, No.1, pp. 4-9.
Kuriakose, M.A., Sharma, M., &Ivyer, S. (2007) Recent advances and controversies in head
and neck reconstructive surgery. Indian journal of Plastic Surgery.Vol.40, No.12,
pp.3-12.
Laaksonen, J.P., Lowen, I.J., Wolfaardt, J., Rieger, J., Seikalay, H. & Harris, J. (2009) Speech
after tongue reconstruction and use of a palatal Augmentation prosthesis. An
acoustic case study. Canadian Journal of speech- language pathology and
Audiology. Vol. 33, No. 4, pp. 196-202.

Prosthodontic Rehabilitation of Acquired Maxillofacial Defects

335

Lemon, J.C. Martin, J.W., & Jacob R.F. Prosthetic rehabilitation. In: Basal and squammous
cell skin cancers of head and neck. Weber, R.S., Miller, M.J., Goepfert H., eds., pp.
305-312, Williams &Wilkins.
Lemon, J.C., Martin, J.W., Chambers, M.S., Kiat amnuay, S. Gettleman L. (2005) Facial
prosthetic rehabilitation, preprosthetic surgical techniques and biomaterials. Curr.
Opin. Otolaryngol head neck surg. Vol. 13, pp. 255-262, ISSN 1068-9508.
Logman, J.A. (1998) Rehabilitation for the head and neck cancer patient, oncology, vol. 10, No. 1,
Pascal, M., Siegbert, W. & Strub, J. (2007) Three-dimensional navigation in implant
dentistry. Euro, J. Oral Implantology, Vol. 2, No.1
Mantri, S.S., Bhasin, A.S. (2010) Preventive Prosthodontics for Head and Neck
Radiotherapy. Journal of Clinical and Diagnostic Research. 2010 August, Vol.4,
pp.2958-62.
Maureen S. (2004). The expanding role of dental oncology in head and neck surgery.Surg
Oncol Clin N Am.Vol.13, 37-46.
Mitchell, S.A. (2010) Framing the challenges of cancer Rehabilitation. Oncology Nurse
Edition, Vol. 24, No.1, Suppl. pp. 33-4.
Moser, V.F., Crevenna, R., Korpan M. & Quiltan, M. (2003) Cancer Rehabilitation
particularly with aspects of physical impairment J. Rehab Med. Vol. 35, pp. 153-162.
Nishimura, R.D., Roumanas, E., Moy, P.R., Suga, T., & Freymiller, E.G. (1998)
Osseointegrated implants and orb ital defects: U.C.L.A. experience. J. Prosthet
Dent., vol.79, no.3, pp.304-9.
Odell, M.J. and Gullane, P.J. (2007) Partial and total maxillectomy. In Lee, K.J. and Toh, E.H.
Eds. Otolaryngology: A Surgical note book, pp 236-256. Thieme Medical Publishers
ISSN 9783131383518 New York.
Roger, S.N. (2010) Quality of life perspective in patients with oral cancer. Oral Oncology,
Vol. 46, pp. 445-47.
Tjellstrom, A. (1990) Osserintegrated implants for replacement of absent or defective ears.
Clin. Plast. Surg. Vol. 17, pp 355-366.
Tuna, S.H., Pekkan, G., Gumus, H.O. & Aktas A. (2010) Prosthetic Rehabilitation of
Velopharyngeal Insufficiency: Pharyngeal Obturator Prostheses with different
retention Mechanisms. Eur J. Dent, Vol. 4, No.1, pp. 81-87.
Van Doorne, J.M. (1994) Extraoral Prosthetics: Past and Present. J Investigative Surg. Vol. 7,
No. 4, 267-74.
Wallace, C.G. & Wei, F.C. (2008) The status, Evolution and future of facial Reconstruction.
Chang Gung Med J. Vol. 31, No.5, 441-9.
Wang, R.R. (1997) Sectional prosthesis for total maxillectomy patient. A clinical report J.
Prosthet Dent. Vol.78, No.3, pp. 241-244.
Wolfaardt, J. Gehl, G., Farmand, M. &Wilkes, G. (2003) Indication and methods of care for
aspects of extraoral osseointegration 32:124-137.
Wolfaardt, J. et al. (2003) Advanced technology and the future of facial prosthetics in head
and neck reconstruction. Int. J. Oral Maxillofacial Surg. Vol. 32, pp. 121-123.
Yoshida, H., Furuya, Y., Shimodaira, K., Kanazawa, T. & Kataoka, R. & Takahashi, K. (2000)
Spectral characteristics of hypernasatity in maxillectomy patients. J. of Oral Rehab.
Vol. 27, pp. 723-730.
Zarb, G.A. and Albrektsson, T. (1991) Osseointegration a requiem for the periodontal
ligament. Int. J. Periodontics, Rest Dent., Vol. 11, pp. 88-91.

336

Head and Neck Cancer

Zaki, H.S. (2000) Prosthodontic Rehabilitation following total and partial glossectomy. In:
Clinical Maxillofacial Prosthetics. Taylor, T.D. Ed
pp. 205-214, Quintessence
Publication Co., ISBN 0-86715-39-1. Illinois.
Zlotolow, I.M. (2001) Dental Oncology and Maxillofacial Prosthetics. In Atlas of Clinical
Oncology. Cancer of the Head and Neck pp. 376-373.,Shah, J.P. ed.,B C Decker Inc,
ISBN 1-55oo9-084-4,Ontario.

14
Functional and Aesthetic Reconstruction of
the Defects Following the Hemiglossectomy
in Patients with Oropharyngeal Cancer
Mutsumi Okazaki

Department of Plastic and Reconstructive Surgery, Graduate School,
Tokyo Medical and Dental University, Tokyo
Japan
1. Introduction
In the patients who undergo the hemiglossectomy and reconstruction with free flap transfer,
remaining oropharyngeal tissue and function is relatively large, and majority of patients
recover speech and eating function, which allow them to live a normal life. Actually, many
reports have described that the functional results are generally good after the reconstruction
with flaps following hemiglossectomy [1-9]. However, it is rather difficult to perform the
reconstruction that makes the best of remaining tissue and function. In this chapter, we
describe our reconstructive concept and procedures from the plastic surgeon’s standpoint,
together with presenting the unfavorable results.

2. Concept of reconstruction and operative procedure
We itemize our concepts for the reconstruction of the defects following hemiglossectomy.
The schematic of our reconstructive procedures is shown in Fig.1 and 2.
1.

Employ long but not-voluminous flap because the short and voluminous flap spoil the
tongue movement.

The length of flap corresponded to “epiglottic vallecula ~ lingual apex” requires 15~17 cm.
The short flap less than 14 cm restricts thrust function of the tongue because the transferred
flap has a tendency to shrink longitudinally after the operation. On the other hand, the
volume of the flap should not be so large. Because the volume of remaining tongue is
preserved enough for the eating function in the patients with hemiglossectomy, voluminous
flap does not help but spoil eating and speech function.
2.

Restore mobile tongue with long, narrow, and thin flap (Fig. 1 (A)).

After hemiglossectomy, restoration of mobile tongue with a voluminous flap tends to result
in spoilage of speech function because a remaining tongue is “burdened with heavy flap“.
We recommend that the mobile tongue should be restored with long, narrow and thin flap.
Namely, the mobile tongue is intentionally restored as long as and thinner than original
tongue. We consider this is the best balance of aesthetic and functional restoration.
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Apply several z-plasties at the back of tongue (Fig. 1 (B)), and oral floor (Fig. 1 (C)).

We often see a postoperative scar contracture along the suture line between flap and
remaining tongue, which consequently reduces a range of lingual mobility. From the plastic
surgeon’s point of view, the occurrence of this scar contracture is inevitable, but it can be
prevented to some extent by the application of several z-plasty (or insertion of triangle flap).
We also see a contracture at the oral floor. To prevent this contracture, insertion of a triangle
flap to the mucosa of oral floor at the ventral base of the tongue is effective (Fig. 1 (C)).
4.

Filling dead space of oral floor not with muscle body but with adiposal tissue to avoid
postoperative collapse of the oral floor and lingual root (Fig. 1 (D), Fig. 2)).

For the good eating function, appropriate reconstruction of the oral floor is mandatory. If
the oral floor might be reconstructed with thin flap, the resultant oral floor would collapse,
which occasionally causes the swallowing difficulty. Similarly, if the retro-mandibular dead
space might be reconstructed with a muscle body, the muscle body would gradually become
atrophic which causes collapse of oral floor. We recommend that the retro-mandibular space
should be filled up with adiposal (deepithelized) flap (Fig. 2).

“A” indicates a long, narrow, and thin flap attached to the mobile tongue
“B” indicates the triangle flaps set to the back of tongue
“C” indicates the triangle flap set to to the oral floor
“D” indicates the part

Fig. 1. Schematic of the reconstruction of the defects after hemiglossectomy
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Fig. 2. Schematic of the reconstruction of the retro-mandibular space. A part of the flap is
deepithelized and set at the retro-mandibular space attaching the dermis to the mandibular
bone
5.

Check whether residual tongue is in an appropriate position during flap transfer.

When a patient undergoes the operation under a general anesthesia, a tongue is placed in a
glossoptotic position. So sewing of the flap on the tongue is performed pulling a remaining
tongue out of a glossoptotic position.
6.

Cover the great vessels (carotid artery and jugular vein) with the small muscle body if
necessary.

In the patients with high risk of infection or leakage (due to chemo-radiation therapy,
diabetes mellitus, and so on), small muscle body is harvested together with a flap during
flap elevation, and set on the great vessels to prevent a rupture of them due to a leakage
and/or infection.
7.
8.

Select appropriate flap depending upon the oral defects and thickness of the fat layer of
a patient (whether a patient is obese or slender). We choose an appropriate flap chiefly
among the radial forearm, anterolateral thigh, and deep inferior epigastric flap.
Choose the appropriate recipient artery among the branches of external carotid or
subclavian arteries (referred to as “branch artery” hereafter). Anastomose two flap
veins to the internal and external jugular venous system respectively.

When an appropriate branch artery to serve as the recipient is unavailable (ex. in patients
with previous operation and/or irradiation therapy), end-to-side anastomosis directly to the
external carotid artery (ECA) is a good option. For safer transfer, we recommend that two
flap veins (a comitant and a cutaneous vein in the forearm flap, two comittant veins in the
anterolateral thigh and inferior epigastric flap) should be anastomosed to the internal and
external jugular venous system separately.
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3. Representative case
A 57-year-old male patient with the lingual cancer underwent hemiglossectomy and
modified radical neck dissection. A deep inferior epigastric flap (15 x 6 cm) with 3 triangle
lobe was harvested including small amount of muscle body (Fig.3a). A part of the flap (2 x 7
cm:) was deepithelized to fill the retro-mandibular dead space (Fig. 3a (D)). The flap was
sutured to the remaining tongue (Fig. 3b). The inferior epigastric artery was anastomosed to
the superior thyroid artery, and two comitant inferior epigastric veins were anastomosed to
the internal and external jugular vein respectively. The small muscle body was set on the
great vessels. At this point, the reconstructed tongue protruded about 3 cm from incisor line
(Fig.3c). Postoperative course was uneventful. The patient recovered good eating and
speaking function with aesthetically-satisfactory tongue (Fig. 3d).

“A” indicates a long, narrow, and thin flap attached to the mobile tongue.
“B” indicates the triangle flaps to be inserted into the back of tongue.
“C” indicates the triangle flap to be inserted into the oral floor at the ventral base of tongue.
“D” indicates the deepithelized flap to be set at the retro-mandibular space.
“E” indicates the muscle body to be set on the great vessels.

Fig. 3a. Harvested flap.
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Fig. 3b. Reconstructed tongue. Arrow indicates a triangle flap inserted to the back of tongue.
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Fig. 3c. Findings of neck just after the vascular anastomosis. Muscle body covers the great
vessels (arrowhead). Note the reconstructed tongue tip that protrudes beyond the incisors as
it stands (arrow).
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Fig. 3d. Postoperative findings. Although the size of reconstructed tongue is smaller than
that of original tongue, the shape of tongue is natural. The eating and speaking function is
excellent with wide range of mobility.
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4. Discussion
Regarding the volume of the flap for the defects of hemiglossectomy, there was some
reports that discuss whether the reconstruction with flap is necessary or not [10,11], but
most papers describe that reconstruction with free flap provide good functional results [1-9].
The flaps seen in these papers are comparatively large, and the size of reconstructed tongues
is as large as that of original tongue. However, the restoration of mobile tongue with a
voluminous flap causes the spoilage of speech function because heavy flap hinders the
motion of a remaining tongue (Fig.4a). We consider that the flap that restore the mobile part
of the tongue (front half) should be long but thin and narrow.

Fig. 4a. Examples of unfavorable results decreased mobility of tongue due to heavy
voluminous flap (arrow) (Postoperative findings of a 32-year-old male with lingual cancer
who underwent right hemiglossectomy and reconstruction with anterolateral thigh flap).
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On the other hand, the lingual root requires some voluminous reconstruction to prevent
miss-swallowing or dysphagia. It has been reported that the transferred muscle flap more
decrease its volume postoperatively because of the interruption of muscle innervation
compared with an adiposal flap [12,13]. So we recommend that lingual root and retromandibular space should be reconstructed with adipo-cutaneous tissue, not muscle. A part
of the flap is deepithelized (Fig.3a (C)) and set at the retro-mandibular space attaching the
dermis to the mandibular bone (Fig.2). We call this method “de-epithelialized flap
overlapping method” which is useful also for the prevention of leakage in the flap-gingival
suture [14].
Care should be taken whether residual tongue is in an appropriate position when the
operators suture the flap to the tongue. Because the tongue is placed in a glossoptotic
position under the general anesthesia, if the flap is sutured to the tongue as it stands, the
tongue is fixed at the glossoptotic position. As a result, the patients have difficulty in
deglutition and protrusion of their tongue. Chepeha and his colleagues [9] reported that
tongue protrusion greater than 0.8 cm is associated with better swallowing results in the
tongue reconstruction of the hemiglossectomy defect. So the operators should suture the
flap to the tongue, pulling the tongue to the protruding position out of a glossoptotic
position. By fixing a remaining tongue appropriately (protrusive position) to the mandible
via flap, the larynx is consequently placed in an elevated position.
Insertion of a triangle flap to the oral floor at the ventral base of the tongue had been
reported [8]. We observed that small triangle flap (less than 2 cm) shrunk postoperatively
and was not so effective as was expected. So we recommend triangle flap with a size of
more than 3 cm should be used. Applying several z-plasties at the back of tongue, to our
knowledge, has not been reported up to now. In the majority of cases (not to say all cases), a
postoperative scar contracture along the suture line between flap and remaining tongue
occurs to a greater or lesser extent (Fig.4b). From the plastic surgeon’s point of view, this
inevitable contracture can be prevented by the application of several z-plasty (or insertion of
triangle flap).
Concerning the question as to what is the best flap (radial forearm, anterolateral thigh, or
deep inferior epigastric flap) for the reconstruction after hemiglossectomy, majority of recent
papers suggest that the use of anterolateral thigh flap is the best option because the
anterolateral thigh flap provide as good postoperative results as forearm flap whereas the
former has less donor site morbidity than latter does [2-5]. We generally agree with them.
The use of radial forearm flap may be the best in terms of not disturbing the movement of
the tongue because the forearm flap is thin, soft and lithe compared with other two flaps.
However, forearm flap is generally too thin for the adequate reconstruction of oral floor and
its harvest leaves ugly scar on the forearm. So we recommend that the first choice is the
anterolateral thigh flap while the deep inferior epigastric flap is indicated in patients with
thin adiposal tissue in the thigh region.
We seldom have difficulties in the selection of appropriate recipient arteries for
microvascular free flap transfer in the head and neck region because many sizable branches
of the external carotid or subclavian artery are available. However, we occasionally
encountered the lack of an appropriate recipient artery, especially in patients with recurrent
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cancer after previous surgery and / or irradiation therapy. For these cases, we have
preferentially employed the ECA trunk as the recipient artery and anastomosed in an endto-side fashion, with uneventful results [15]. Careful creation of a hole on ECA for
anastomosis is an important key to successful anastomosis. In such difficult cases, the tunica
intima of the ECA is as damaged as that of branch arteries, and careless operation may cause
irrecoverable injury of the intima. The skin biopsy trepan is useful to create a hole without
injuring the intima.

Fig. 4b. Examples of unfavorable results remarkable scar contracture along the straight
suture line between the flap and remaining tongue (arrow) (Postoperative findings of a 51year-old male with lingual cancer who underwent left hemiglossectomy and reconstruction
with anterolateral thigh flap).
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1. Introduction
“An unpleasant sensory and emotional experience associated with actual or potential tissue
damage”(Merskey & Bogduk, 1994), pain is one of the most common symptoms in cancer
(Lorenz et al., 2006). Pain associated with head and neck cancer could result from the
following causes (Williams & Broadley, 2009):




Local or metastatic disease causing infiltration, pressure or ulceration
Side effects from anti-cancer treatment: medication, chemotherapy, radiotherapy,
surgery
Incidental causes such as infection or coexisting morbidity

The assessment of pain should be thorough, the treatment prompt and carefully considered.
The current international consensus is that “…the unreasonable failure to treat pain is poor
medicine, unethical practice, and is an abrogation of a fundamental human right” (Brennan
et al., 2007).
Undertreatment of pain may result in patients having increased morbidity (Carr et al., 1992;
MacIntyre 2005), increased prevalence of depression and anxiety (Brennan et al., 2005;
Gureje et al., 1998), poor sleep (Thorpe 1993; Cleeland et al., 1996), poor concentration and
poor personal interactions (Ferrell, 1995). It also has massive socioeconomic costs including
loss in productivity (Steward et al., 2003; van Leeuwen et al., 2006), work days (Brennan et
al., 2005) and litigations (Blyth et al., 2003).
Management options should be kept as simple and easy to follow as possible to ensure
compliance to treatment. Patients may prefer medication in liquid form as mouth opening
may be difficult. However it has been noted that some oral elixirs may contain alcohol,
which cause local irritation in a patient with oral mucositis, and tablets which are crushed
may feel gritty and unpleasant (Weissman, 1989). Also in patients with dysphagia, the
tablets may be difficult to swallow. Suffice to say that it is extremely important to keep reassessing the patient to make sure that the treatment prescribed is not more unpleasant than
the symptom itself! The clinician may need to be flexible and imaginative in finding ways
for the patient to comply with treatment. Other routes of administration may need to be
considered, including the use of suppositories, subcutaneous infusion pumps, nasogastric
feeding tubes, percutaneous enteric gastric tubes and transdermal patches.
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2. Prevalence of pain
Despite guidelines for treatment of cancer pain available from agencies such as the WHO
(1996, 2008) and the Expert Working Group of the European Association for Palliative Care
(2001), it has been shown in a recent meta-analysis involving 26 studies that nearly half of
patients with cancer have pain that is undertreated (Deandrea et al., 2008). Another metaanalysis showed that cancer pain prevalence is around 53%, irrespective of staging - in
particular for patients with head and neck cancer, the prevalence is the highest of all cancers
at 70% (Van den Beuken-van Everdingen et al., 2007). In a pan-European survey screening
over 5000 cancer patients, 56% had moderate-to-severe pain at least monthly (Breivik et al.,
2009). Patients with brain cancer and squamous cell cancer of the head and neck were
amongst those with the highest prevalence of pain – 90% and 86% respectively.
The prevalence of pain at diagnosis of head and neck cancers vary from 40% to 84% (Keefe
et al., 1986; Chaplin, 1999; Epstein, 1993; Saxena et al., 1995). A higher incidence of pain was
noted in more advanced disease i.e. stages III or IV (Keefe et al., 1986). A recent study
showed that a third of patients who attend head and neck cancer outpatients had pain from
any cause within the previous seven days, with over two-thirds of those having severe pain
(Williams et al., 2010). No specific risk factors for pain were found in this population.

3. Aetiology of pain
The cornerstone of effective pain management is to determine the aetiology of the pain
(Miaskowski et al., 2005). Pain can be due to the cancer itself, as a result of anti-cancer
treatment such as surgery, radiotherapy or chemotherapy, or pain which is wholly unrelated
to cancer – for example, incidental arthritic pain (Table 1). The type of pain suffered by
patients could be nociceptive, neuropathic or mixed nociceptive and neuropathic.
Nociceptive pain often results from tissue damage - for example tumour pressure, the
recurrence of tumour, bony infiltration, deafferentiation or neuroma formation secondary to
nerve damage during neck dissection, mucositis, related or unrelated infection and
inflammation (e.g. sinusitis), osteoradionecrosis, lesions in the cervical spine causing head
and neck pain, to name but a few causes (Chua et al., 1999; Williams & Broadley 2009).
Some authors also distinguished myofascial pain from nociceptive per se. Talmi et al. (2000)
in particular discussed a type of pain resulting from a musculoskeletal imbalance, and
associated changes occuring in the shoulder as a result of surgical neck dissection and
removal of neck muscles. They cited Fialka and Vinzenz (1988) who noted that 77% patients
had shoulder dysfunction and strong to severe pain after radical neck dissection, and
Krause (1992) who noted that 31% of patients develop shoulder-arm syndrome after radical
neck dissection. Pain resulting from anti-cancer treatment is important as it may be longlasting and may also adversely affect compliance to continued anti-cancer treatment.
Reference
Grond et al., 1996
Williams et al., 2010

Pain due to
cancer
81%
37%

Pain due to
anti-cancer
treatment
31%
42%

Pain associated
Non-cancer
with cancer disease sources of pain
19%
-

Table 1. Presumed aetiology of pain in patients with head and neck cancer

7%
25%
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Neuropathic pain is pain associated with injury or disease of the peripheral or central nervous
systems, which may result in pathophysiological changes such as ectopic (spontaneous or
evoked) discharge by nerves, microneuroanatomical changes, central sensitization, and many
others beyond the scope of this review (Macintyre & Schug, 2007). Neuropathic pain for
patients with head and neck cancer may involve all sensory nerves in the face, skull, neck and
shoulders (Vecht et al., 1992). Some common symptoms of neuropathic pain experienced by
the patients include spontaneous continuous burning (81%), shooting pain (69%) and
allodynia (88%) – which describes abnormal pain elicited by light touch (Sist et al., 1999;
Merskey & Bogduk, 1994). The percentage of patients with head and neck cancer in various
studies who were assessed to have neuropathic pain is shown in Table 2.
Reference
Grond et al., 1993*
Grond et al., 1996
Forbes, 1997
Vecht et al, 1992
Sist et al., 1999
Chua et al., 1999
Williams et al., 2010

Neuropathic
(Mixed neuropathic
/nociceptive)
28%
47%
26%
23%
100%
7.5% (37.5%)
10%

Comments
From surgical treatment
377 patients
25 patients, from surgical treatment
25 patients, post radical-neck dissection
40 outpatients
70 outpatients

Table 2. Numbers of patients with head and neck cancer and neuropathic or mixed
neuropathic/nociceptive pain. * Cited by Talmi et al., 2000

4. Assessment of pain
Prior to commencing analgesic therapy, a detailed history and careful examination is
required in the patient with head and neck cancer to determine the cause of the pain, and
the potential role of anti-cancer therapy in treating the cancer and thus decreasing or
relieving the pain. The relative impact of analgesic drugs and techniques should also be
explored. Investigations such as radiological examinations may be required to accurately
determine the cause of the pain.
The assessment of pain in any patient requires attention not only to the physical and
physiological aspects, but also to psychological, including how the pain and disease may
impact on their quality of life (Portenoy et al., 1999). The emotional and cognitive components
of pain may be more significant in cancer compared with non-cancer pain (Huber et al., 2007).
In patients with head and neck cancer additional functional problems including ability to
swallow, speech, hearing, sight etc also may need to be assessed. All of which will have an
additional impact on their quality of life. The expertise of specialties such as psychological
medicine, psychiatry, neurology, allied health staff and others are required to provide a multidisciplinary approach to pain. Palliative care medicine encompasses many of these facets of
cancer management, and as such is an invaluable source of information and assistance.
Patients with cancer often have more than one distinct pain syndrome (Grond et al., 1996),
or more than one location (Valeberg et al., 2008). In 377 patients with primary head and neck
cancer, they described their regions of pain as in Table 3. Assessment and treatment of these
patients must then be thorough so as to not miss symptoms and potential problems.
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Pain region
Head/face/mouth
Cervical region
Upper shoulder/limbs
Thoracic
Lower back, lumbar spine, sacrum, coccyx
Pelvic region

78%
45%
9%
7%
7%
1%

Table 3. Pain regions in patients with head and neck cancer (Grond et al., 1996)

5. Application of pain pharmacology and physiology in the clinical setting
Pain as a subject is still under research and much is yet not understood about the
mechanisms of chronic pain. Treatment methods of pain, particularly those of chronic and
neuropathic pain, are still being refined. Table 4 shows some aspects of pain pharmacology
and physiology linked to clinical relevance.
Pain Pharmacology and
Physiology
Peripheral nerve injury leads to
ectopic discharge,
microneuroanatomical and
phenotypical changes*
Central sensitization as a result
of neuroplasticity*
Acute severe pain postoperatively is an important
predictor of persistent pain*
Evidence for pre-emptive
analgesia is inconclusive*
Preventive analgesia to reduce
chronic pain syndromes* †

NMDA receptor activation in
central sensitization*‡
Role of reorganisation in the
somatosensory cortex*

Clinical Relevance
Chronic, neuropathic pain is not easily treatable by
conventional analgesics
Treat early before persistent changes to CNS synaptic
processing take place due to neuronal damage
Acute post-operative pain need to be aggressively treated
to prevent long term problems with persistent pain
No good evidence in humans for analgesics given prepainful stimulus versus post-stimulus
“Preventative analgesia” is a description of when the
effects of the analgesics administered exceed the expected
duration of effect of the analgesic strategy. There is some
evidence in the effective use of ketamine and early use of
calcitonin in preventive analgesia.
NMDA receptor antagonists, particularly ketamine, is of
special interest, having been shown to have preventive
analgesic effects in some circumstances
May contribute to neuropathic pain states such as
phantom limb pain and complex regional pain syndrome
(CRPS)
Use of more than one type of analgesic to treat pain

Multimodal analgesia to
combat central and peripheral
plasticity†
Evidence for effectiveness of
A holistic view of the patient situation should be
the multidisciplinary approach employed, involving other practitioners in pain
to pain treatment‡
management

Table 4. Clinical relevance of pain pharmacology and physiology. (Brennan & Kehlet, 2005†;
Macintyre & Schug, 2008*; Williams & Broadley, 2009‡)
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6. Acute pain
Patients with head and neck cancer may suffer from acute cancer-related, or acute anticancer treatment related pain. Acute cancer-related pain may occur as a result of
inflammatory and tumourigenic pain mechanisms such as local tumour pressure, or
infiltration of tissues or bone, which may cause subsequent obstruction or compression of
visceral structures or nerves and also paraneoplastic effects at distant sites (Portenoy &
Lesage, 1999; Delaney et al., 2008). Anti-cancer treatments such as surgery, chemotherapy or
radiotherapy can be a means of alleviating pain as the tumour is debulked, but they may
also have side-effects causing acute pain after the treatment.
6.1 Acute post-surgical pain
In the patient with head and neck cancer, surgical procedures such as radical neck dissection
or other major head and neck surgery will cause acute post-surgical pain – this is not
unexpected by most people. The treatment of this acute post-surgical pain commences perioperatively by the anaesthetist administering analgesics or local anaesthetic techniques such
as local infiltration to the wound or nerve blocks. Some patients may be given analgesics as
a pre-medication pre-operatively. Treatment of post-surgical pain continues into the
recovery area and onto the wards and eventually home ideally using multi-modal analgesia
via all routes of administration, as will be discussed later in the chapter.
Acute post-surgical pain is usually easily amenable to treatment and as such should be
promptly and adequately treated to prevent development of chronic post-surgical pain
(CPSP). Patients reporting high levels of acute post-operative pain and at 4 days postoperation are at high risk of increased pain, poor global recovery with functional limitations
and lower quality of life at 6 months post-operatively (Peters et al., 2007). This is concordant
with review articles by Perkins & Kehlet (2000) and Kehlet et al. (2006) citing numerous
studies to show that acute moderate to severe post-operative pain is a predictive factor for
CPSP. Occasionally acute post-surgical pain is difficult to treat as nerve damage occurs perioperatively from direct resection, bruising or stretching, particularly patients undergoing
radical neck dissection (Talmi et al., 2000). Referred shoulder and arm pain may also occur
(Chaplin, 1999; Talmi et al., 2000).
6.2 Acute pain following radiotherapy and chemotherapy
Pain following radio- and chemo-therapy in patients with head and neck cancer normally
manifests itself as oral mucositis. However, other problems such as radiation fibrosis
syndrome, infection and chemotherapy-induced peripheral neuropathy can also cause acute
or chronic pain.
6.2.1 Oral mucositis
Radiation-induced mucositis is common in head and neck cancer patients, with increasing
frequency due to the use of more intensive altered radiation and concurrent chemotherapy
regimes (Rosenthal & Trotti, 2009). The incidence however will significantly vary amongst
different treatment regimens and modalities. Oral mucositis normally becomes symptomatic
between the second and fourth week of treatment of radio- or chemotherapy. In many
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patients, oral mucositis is associated with considerable pain, which may lead to dose
reductions, delays and abandonment of further anti-cancer treatments, to increases in
healthcare costs, and impairment in the patient’s quality of life. Details of the
pathophysiology of oral mucositis is beyond the scope of this chapter. As an outline, the
available evidence supports the view that oral mucositis is a complex, interactive process
involving all the tissues and cellular elements of the mucosa, with suggestions of genetic
risks of developing mucositis (Sonis et al., 2004). Further detailed work is required to clarify
the process.
Pain is only one symptom of oral mucositis. Dysphagia, another common complaint, leads
to a dependency on feeding tubes and its associated complications or parenteral nutrition,
dehydration, micronutrient deficiencies, weight loss, and aspiration (Rosenthal & Trotti,
2009, Sonis et al., 2004). Mucositis also leads to ulceration and subsequent infection, which
are both additional causes of pain. In children with mucositis, it should be remembered that
their smaller airways may prove problematic with airway compromise. Hospitalisation is
sometimes necessary both for initial control of pain and treatment of the other complications
already mentioned.
Treatment of oral mucositis was recently the subject of a Cochrane Collaboration Review
(Clarkson et al., 2008). They concluded that the evidence for allopurinol mouthwash,
granulocytemacrophage-colony stimulating factor, immunoglobulin and human placental
extract to improve or eradicate mucositis is weak and unreliable and requires
further research.
Symptomatic control of oral mucositis pain by using analgesics may be via many different
routes. Many patients with head and neck cancer are still able to take oral analgesics, so
the oral route should not be disregarded altogether. One must bear in mind however the
other routes of administration, including the transdermal patch, intravenous,
intramuscular or subcutaneous routes. Although there is no evidence that patient
controlled analgesia (PCA) is more beneficial than a continuous infusion method for
controlling pain, patients using PCA used less opiate per hour, and had shorter durations
of pain (Clarkson et al., 2008), and thus may suffer less from the side-effects of opiate
medication. Multi-modal analgesia should also be considered. In particular, there is
evidence that concomitant administration of adjuncts such as gabapentin is useful in
radiation-induced mucositis (Bar et al., 2010a, 2010b).
6.2.2 Other complications of radio- and chemotherapy
Radio- and chemotherapy can also cause other pain syndromes in patients with head and
neck cancer, such as radiation fibrosis syndrome, chemotherapy-induced peripheral
neuropathy and infection.
With fibrosis from radiation pain may occur when the skin and underlying structures
contract. An example is “dropped head syndrome”, described by Rowin et al. in 2006 as
one potential complication of radiation of the mantle field (neck, axillary and mediastinal
lymph nodes). This is a late complication of radiotherapy, characterised by fibrosis and
contractures of the anterior cervical muscles and atrophy of the posterior neck and
shoulder girdle.
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Chemotherapy-induced peripheral neuropathy (CIPN) is frequently a complication of
common anti-cancer treatments, but is often under recognised and undertreated, with
additional difficulties of it being difficult to diagnose, with no universally accepted
assessment tools and a lack of interobserver agreement (Stephens et al., 1997 and Postma et
al., 1998, as cited in Farquhar-Smith, 2011). As an example, docetaxel causes less CIPN than
pacitaxel, carboplatin can also cause CIPN, but less than ciplatin (personal communication,
Farquhar-Smith, 2011). Being neuropathic in nature, it is not easy to treat and is commonly a
problem in the cancer survivor. There is conflicting, inconclusive evidence that antineuropathic agents such as gabapentin may be effective for CIPN (Farquhar-Smith, 2011,
quoting Tsavaris et al., 2008; Rao et al., 2007). The heterogeneous nature of CIPN with
different anticancer therapies, resulting in distinct neuropathies adds another layer of
complexity to its management.
As with other complications of anti-cancer treatment, the discomfort of CIPN may impact on
the willingness of patients to enter into future anti-cancer treatments. Additional clinician
and patient education is required to highlight the potential problems with this syndrome
and further research is necessary to improve current treatment options and potential
preventative measures.
Infections, both local and systemic, may also play a role in exacerbating pain in the patient
with head and neck cancer. This can occur at any stage of treatment and may often present
as a worsening pain problem. Local infections are common with patients who have head
and neck cancer. Celluitis, localised tumour infections and orocutaneous fistulae contribute
to more than 20% of febrile episodes in patients with head and neck cancer. Infections may
or may not be accompanied by clinical signs such as local inflammation or systemic
involvement with fever and leucocytosis (Bruera & MacDonald, 1986 and Hussain et al.,
1991, as cited by Williams and Broadley, 2009), particularly due to their already
immunosuppressed state from the disease itself or the treatment already undergone.
Treatment of the pain will be symptomatic as well as treating the infection itself.

7. Chronic pain
The definition of chronic pain as according to the International Association for the Study
of Pain (IASP) is “pain which has persisted beyond normal tissue healing time”, which, in
the absence of other criteria, is taken to be 3 months (IASP, 1986). Chronic pain may be
accompanied by severe psychological and social disturbances. Whilst acute pain
management focuses on the cause of the pain, the aim of chronic pain treatment is about
managing the effects of the pain, including the physical and psychological aspects, to
maximise the function of the patient with chronic pain (Clinical Standards Advisory
Group, 2000).
Chronic pain in cancer often occurs as a consequence of cancer treatment. With survival
being the primary goal of cancer treatment, side-effects or risks to treatments such as pain
are frequently being brushed aside as inconsequential (List et al., 2004), although it is
essential to bear in mind - a survey of chronic pain patients in the UK revealed that the
second most common aetiology of chronic pain was surgery (Crombie et al., 1998).
Figure 1 shows 3 different pain transmission states:
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Normal physiological pain transmission – the pain stimulus causes action potentials to
travel from the periphery to the brain, with no neuroplasticity (“wind-up” mechanism).
Nociceptive pain transmission, with both peripheral stimulation and some central
sensitization. Pain may be persistent, but should resolve once the stimulus is
removed/resolved.
Neuropathic pain transmission. Abnormal transmission of action potentials as a result
of “wind-up”, causing altered sensations to both noxious and normally non-noxious
stimuli, leading to symptoms such as allodynia and other descriptions of “nerve pain”
such as “shooting”, “burning”, “pins and needles” etc.

Fig. 1. Three pain transmission states: Phase 1 - normal physiological pain transmission;
Phase 2 - nociceptive pain transmission, with peripheral stimulation and central
sensitization; Phase 3 - neuropathic pain transmission. Reproduced with permission,
Williams & Broadley, 2009.

8. Treatment of pain
The mainstay of the management of pain in the patient with head and neck cancer is to
target the source of the pain. According to the WHO (2008), up to 90% of cancer pain can be
effectively managed. Pain can often be controlled with anti-cancer treatments such as
radiotherapy, chemotherapy and surgery. Analgesic drugs and techniques are used
concurrently to alleviate pain.
8.1 Drug therapy
The WHO guidelines for the treatment of cancer pain advocate a stepwise increase in drug
dosages and drug type. The recommendation is summed up as in Table 6.
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Head and Neck
Tumour/Treatment
Intraorbital

Neuropathic Pain Syndrome

Maxillary antrum
Infratemporal fossa
Nasopharynx, oropharynx,
tonsillar region, oral cancers
Postherpetic neuralgia
Post-radical neck dissection
Chemotherapy
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Sharp, lancinating pains in the distribution of the
ophthalmic nerve
Sharp, lancinating pains in the maxillary nerve
distribution
Mandibular nerve distribution neuralgia, trismus,
temporal pain
Glossopharyngeal and vagal nerve distribution neuralgia
and palsies, occipital pain radiating to vertex, referred
pain causing otalgia, tinnitus, dental pain
Commonly affects trigeminal nerve with stabbing pains
and hyperaesthesia
Diffuse burning sensation neck and shoulders, sensation
deficits, allodynia, shooting pain, severe shoulder pain
and dysfunction, superficial cervical plexus neuralgia
Chemotherapy-induced neuropathic pain, causing distal
“stocking and glove distributions”, usually symmetrical,
predominantly sensory symptoms

Table 5. Neuropathic pain syndromes in head and neck cancer, adapted with permission
from Willams & Broadley, 2009 (Talmi et al., 1997; Chua et al., 1999; Sist et al., 1999;
Farquhar-Smith 2011)
WHO recommendation
By mouth

By the clock
By the ladder
For the individual
Attention to detail

Comments
Use the oral route unless contra-indicated. In the patient with
head and neck cancer, drugs can still be taken enterally by
nasogastric or gastrostomy tubes or rectal administration.
Patients unable to use the enteral route could try different
preparations such as subcutaneous, intravenously or
transdermal patches.
Regular administration to be given before the previous dose
wears off. Breakthrough analgesia is not a substitute but is
given in addition to regular.
Follow the WHO 3-step ladder
There are no standard doses – the correct dose is one that
relieves pain. Titrate dose and add adjuvant therapy as
necessary.
Individualised details such as timing, side effects, response,
follow-up, weaning etc. Regular reviews to ensure a
personalised treatment plan.

Table 6. WHO guidelines for the treatment of cancer pain. (WHO, 1996)
The WHO 3-step ladder was developed for the treatment of cancer pain (WHO, 1996). It
encourages the clinician to assess the severity of pain, administer the appropriate
medication, and then re-assess. The patient may then be moved up or down the ladder
depending on the clinical assessment of his/her pain. An additional step 4 is now often
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advocated for some patients (Figure 2). Patients often are prescribed analgesia from more
than one step, as part of the concept of “multi-modal analgesia”. Drugs from Step 1 in
particular have been shown to work synergistically with opioids and can often be opioidsparing, which helps to decrease the side-effect profile of the opioids used (Macintyre &
Schug, 2007).

Fig. 2. The WHO 3-step ladder, with step 4 modification
8.1.1 WHO Step 1 – Non-opioid drugs
Step 1 drugs on the WHO ladder consist of paracetamol (acetaminophen) and non-steroidal
anti-inflammatory (NSAIDs) drugs only. Paracetamol is used widely for mild-to-moderate
pain with a well-established safety profile. Its mechanism of action is surprisingly not well
defined, for such a prevalent drug, but it is thought that paracetamol acts as a centrallyacting cyclooxygenase enzyme inhibitor, with suggested modulations of the serotoninergic
system and interference with peripheral delivery of β-endorphins (Remy et al., 2006).
Paracetamol is known to act synergistically with NSAIDs and is opiate-sparing. Intravenous
paracetamol is particularly useful for those patients who are unable to use the oral route due
to clinical or symptomatic reasons.
The class of NSAIDs include both non-selective cyclooxygenase enzyme inhibitors (COX-I
and II), such as aspirin, ibuprofen, naproxen, diclofenc, and also selective cyclooxygenase II
(COX-II) inhibitors such as celecoxib and paracoxib. Cyclooxygenase produces
prostaglandins, which is one contributor to the peripheral inflammatory response, as well as
playing a part in thrombosis, body salt and water homeostasis, blood pressure, and gastric
protection (Gislason, 2009, citing Grosser et al., 2006). There are many well known potential
complications with NSAIDs, including renal impairment, gastrointestinal (GI) irritation,
leading to ulceration and haemorrhage, haematologic (anti-platelet effects) and aspirinexacerbated respiratory disease (Risser et al., 2009). The COX-II selective NSAIDs are shown
to have a lower incidence of problems with GI irritation compared to non-selective NSAIDs,
however risk varies depending on the individual NSAID. An additional GI risk is a long
plasma half-life and also the slow-release formulation (Massó González et al., 2010). The
cardiovascular system is also affected, increasing the risk of fluid retention, oedema and
destabilise existing heart failure. COX-II selective NSAIDs are particularly known to have
effects on the cardiovascular system, but the rates of these events in general are so low, that
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probably the estimates are imprecise and it is difficult to design a trial which would
investigate this ethically and be financially viable (Trelle et al, 2011).
8.1.2 WHO Step 2 – Weak opioid drugs
In the UK the weak opioid drugs currently available are codeine, dihydrocodeine and
tramadol. Weak opioids are used for mild-to-moderate pain, often in combination with Step
1 analgesics.
CYP2D6, an isoenzyme of the cytochrome P450 family, is important for the metabolism of
codeine and tramadol. There are many variants of the CYP2D6 enzyme, which impact upon
the metabolism of weak opioids (Leppert, 2011). This polymorphism results in some people
being “poor metabolisers”, whereas some people are “extensive metabolisers”. The effects
can be unpredictable. One metabolite of codeine is morphine, but the analgesic effect of
codeine is approximately 1/10th of morphine analgesia. Tramadol is centrally-acting, on
opioid receptors, but also on other mechanisms such as noradrenaline and serotoninergic
reuptake mechanisms (Macintyre & Schug, 2007). Both mechanisms are implicated in
neuropathic pain pathways. The metabolism of dihydrocodeine is not affected by CYP2D6
(Leppert, 2011).
Some clinicians prefer to go directly from Step 1 to Step 3, to avoid the potential for
uncertainty with CYP2D6 polymorphism. Instead, strong opioids are titrated carefully to the
patients’ needs.
8.1.3 WHO Step 3 – Strong opioid drugs
Strong opioid drugs include morphine, diamorphine, oxycodone, fentanyl, which are muopioid receptor agonists, and also partial agonists such as buprenorphine. These Step 3
analgesic drugs are used for moderate-to-severe pain.
The most commonly used drug is morphine, of which there are several preparations. For
patients with head and neck cancer who find tablets difficult to swallow, there are elixirs
which can be taken orally or passed down a feeding tube. Both immediate release
preparations and sustained-release preparations are available in elixir form.
Other forms of strong opioid drugs include the transdermal patch for fentanyl or
buprenorphine. Buccal preparations of fentanyl are also available – as a lozenge or lollipop
to be sucked, or a tablet which slowly dissolves. The type of preparation most suitable for
the patient depends on their particular circumstances – for example, a head a neck cancer
patient who has painful oral mucositis, with a persistently dry mouth may find it
uncomfortable to use lozenges or buccal tablets, and may prefer transdermal patches, or
intravenous or subcutaneous patient controlled analgesic devices (PCAs).
Some patients become resistant or tolerant to strong opioids, particularly if they have
required Step 3 medication for a prolonged period of time. In this case it may be necessary
to change to a different drug. Any other strong opioid may be chosen - methadone is good
option which is often forgotten. It is particularly convenient as a once daily administration
due to its long half life.
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The potential adverse effects of opioid medication, both weak and strong, must not be
overlooked. The most common problems are constipation, nausea and vomiting, and
sedation. For constipation, the patient should be advised to keep well hydrated, mobilise,
and if prescribed opioid for more than a few days, all patients should also be prescribed
laxatives – a stool softener and a bowel stimulant. Dose reduction of the opioid does not
help with constipation. Newer agents such as the combined oxycodone/naloxone, and
opioid antagonists such as methylnaltrexone have been shown to be effective in this regard
(Clemens et al., 2011; Candy et al., 2011). Nausea and vomiting is perhaps the most
unpleasant side-effect for the patient. Numerous classes of anti-emetics are available, and as
with analgesic drugs, a combination of anti-emetics acting at a combination of sites may be a
more effective method than single treatment (Macintyre & Schug, 2007). Mild sedation and
cognitive impairment are common side effects of opioid therapy, however tolerance
develops quickly. Sedation can be a warning sign of excessive opioid therapy, and will
almost always precede respiratory depression. A decrease in respiratory rate is actually a
late and unreliable sign of opioid-induced respiratory depression. Both sedation score and
respiratory rate should be monitored, particularly when starting patients on new
medications, in the acute setting.
8.1.4 WHO additional Step 4 – Adjuvant drugs and interventions
Step 4 is a modification commonly proposed to the original 3-step WHO analgesic ladder
(Vargas-Shaffer, 2010). Consisting of both drug and interventional therapy, step 4 adjuncts
may be added at any point, with any combination of other steps. The adjuvant drugs
proposed are those that are now commonly used for chronic or neuropathic pain, including
anti-depressants (amitriptylline, nortriptylline), anti-convulsants (gabapentin, pregabalin),
NMDA-receptor antagonists (ketamine), steroids, capsaicin and so forth. Local anaesthetics
are also included in this group – either as part of an intervention such as local anaesthetic
infiltration/nerve blocks, or as a transdermal patch (lidocaine patch). As we have already
seen, patients with head and neck cancer will often have neuropathic pain, and chronic pain.
The addition of a step 4 adjunct may help in the treatment of their pain, and may also
decrease the amount of opioids necessary to help control pain.
8.2 Interventional therapy
In the patient with head and neck cancer, interventional therapy for pain caused by cancer
or cancer treatment is now not longer at the forefront of pain management. It was not
possible to use single nerve blocks to relieve pain, as sensory innervations in the head and
neck region typically arises from multiple cranial or cervical nerves. Numerous other
methods have been tried with reasonable success. Examples include cervical plexus block
(Dwyer 1972), lumbar CSF morphine injections (Sullivan 1987), long-term intraventricular
infusion of morphine (Dennis & DeWitty, 1990) and intrathecal administration of
analgesics (Crul et al., 1994). However, these interventions described are not without
potentially very serious complications. The modern analgesics and their methods of
delivery are now so well established such that these interventions are largely no
longer performed.

363

Pain Control in Head and Neck Cancer

8.3 Characteristics of studies investigating pain in patients with head and neck
cancer
Study
(Number of
patients)
Bjordal (N = 126)
1992
Chaplin and
Morton (N = 93)
1998
Forbes (N = 38)
1997
Keefe (N = 30)
1986

Olson (N = 51)
1978

Cancer type

Duration of
follow-up

Prevalence of head and neck pain

Head and neck
cancer
Newly diagnosed,
curable head and
neck cancer
End-stage head
and neck cancer
Head and neck
cancer (100%
squamous cell
carcinoma)

None

18% ("quite a bit" or "very much"
pain)
48% at diagnosis (8% severe)
25% at 12 months (3% severe)
26% at 24 months (4% severe)
79% (26% neuropathic)

2 years

None

3-6 weeks after 40% at initial evaluation
initial evaluation 50% at final evaluation
2-3 months after
initial evaluation

Head and neck
Unknown
cancer, undergone
surgical treatment
previously
Robertson and
Head and neck
Hornibrook
cancer (90%
(N = 522)
squamous cell
carcinoma)
Saxena 1995
Head and neck
(N = 117)
cancer (90%
clinical stage III or
IV)
Talmi (N = 62)
Terminal head and None
neck cancer (87%
1997
squamous cell
carcinoma)
Epstein (N = 34) Head and neck
6-12 months
1993
cancer pre-/postradiotherapy (91%
squamous cell
carcinoma)
Weissman
Newly diagnosed Unknown
(N = 14) 1989
head and neck
cancer patients
undergoing
radiotherapy

32-39% mild to moderate (8%
moderate)
No patients reported severe pain
8% to 66%, depending on cancer type

84%
(55% moderate to severe, 50% of
whom had unrelieved pain)
77%

82% at diagnosis
100% at midpoint of treatment
46% 6-12 months after treatment

29% before treatment
100% during treatment
(moderate to severe pain on 37% of
treatment days)
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Talmi (N = 88)
2000

Terrel (N = 175)
1999
Chua (N = 40)
1999

Head and Neck Cancer

Head and neck
cancer

1-8 months
(prospective)

85% after neck dissection; 3% after 2
months

>2 years
(retrospective)

0%

6-24 months
(retrospective)
None

15%

Head and neck
cancer
Head and neck
cancer (83%
squamous cell
carcinoma; 60% T3
or T4)
Grond (N = 167) Head and neck
Unknown
1993
cancer

Unknown
100% at presentation
(severe in 52%)

100% at referral

9. Holistic care
Aside from direct treatment of the cancer itself by surgery, radiotherapy or
chemotherapy, one must remember that treatment of the patient with head and neck
cancer should always be undertaken in a holistic manner. As cancer treatments are
improving, so too are the rates of cure and length of remission. `Cancer survivorship’
issues such as quality of life, good pain and symptom control are important aspects of
holistic care that should be prioritised (World Health Organisation [WHO], 1996) - the
patient may debilitated for a long time with pain.
Holistic care in patients with head and neck cancer involves not only being concerned about
the practical aspect of physical problems, but also the less `medical’ problems of
psychological distress and social aspect of cancer as a disease, in particular the aesthetic
appearance of head and neck cancer or anticancer treatment causing disfigurement. The
functional aspect of having cancer in this region also requires particular care – speech and
swallow may well be affected, as well as the possibility of requiring medical adjuncts such
as the tracheostomy. This in turn will clearly have an effect on the psychosocial state of the
patient with head and neck cancer. These symptoms may or may not be directly mentioned
by the patient, and it may take a clinician who pays attention to detail to elicit this
information. By identifying and resolving issues quickly, holistic needs assessment and care
allows the opportunity for clinicians to make a huge difference to the overall experience of
cancer, and the potential to improve outcome. Patients are also allowed to be fully engaged
in their own care, thus feel empowered to support self-management of their condition
(National Cancer Action Team, 2010).
Symptomatic control is relevant during all stages of the cancer, be it at diagnosis, during
treatment for cure or palliation, after anti-cancer treatment, at palliation, or even once
`cured’. Commonly pain with head and neck cancer will occur as a result of anti-cancer
treatment, as well as due to disease progression. Sometimes the most effective method of
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symptom management or palliation may be further anticancer treatment. The potential
adverse effects must then be weighed up when considering the expected benefit to
undergoing therapy for pain. The patient and family members should be well informed
before making a joint decision with the clinician to undergo any further treatment.
Treatment of pain in the patient with head and neck cancer may well be adequately
managed by an experienced clinician. However many studies quoted by Brennan et al (2007)
showed that many clinicians are not comfortable in prescribing opioids, having a lack of
knowledge of pharmacology of the relevant drugs and experience of pain management. The
Pain Management or Palliative Care Teams are experts in the hospital in this regard and
timely advice should be sought when problems arise to prevent complications developing
further down the line. Quite as importantly, bearing in mind the subjective nature of the
pain as a whole, the clinician needs to believe in patients in their descriptions of their pain,
and take action to help alleviate the pain.

10. Conclusion
Patients with head and neck cancer will often suffer from pain, resulting from the cancer
itself, anti-cancer treatment, or wholly unrelated causes. A high percentage of patients will
suffer from neuropathic pain, or mixed nociceptive and neuropathic pain, which may be
difficult to treat. Many patients with head and neck cancer will also have pain in more than
one location. When treating these patients, it is vital to carefully assess and determine the
aetiology of their pain in order to effectively treat their symptoms. Early treatment is
advised to help avoid progression into chronic pain and will further complicate treatment
strategies. A multi-modal, multidisciplinary approach to pain management encapsulates the
concept of holistic care and may make a huge difference to the experience of cancer for the
patient. We should aim to empower our patients and encourage them to take ownership of
their pain issues. By doing so, we will be positively contributing to the quality of the patient
journey with cancer.
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1. Introduction
Patients frequently ask two poignant questions during their management: ‘how will I be
after my treatment?’ and ‘am I cured?’ Focused or absolute answers are generally
frustratingly absent and the multidisciplinary team are likely to be guarded in their
response because at presentation the site of the tumour and the stage of the disease will
influence treatment possibilities and outcome. Outcome from the varying treatment
modalities have been reported in terms of survival-interval and more recently the patients’
quality of life (QoL). The latter outcome is a multifaceted and dynamic concept which the
World Health Organisation defined as a: “broad ranging concept affected in a complex way
by a person’s physical health, psychological state, level of independence and their
relationships to salient features of their environment＂ (WHOQOL group, 1993). More
specifically such data in the context of disease is described in terms of health-related QOL
(HRQoL) the subjective experience of the impact of health status on QoL for the patient
(Curtis, 1997;) and can in relation to H&NC patients be described as a patient’s physical,
emotional and social function at the pre and post-treatment stage(Hammerlid et al., 2001,
Hammerlid and Taft, 2001).
The number of studies that routinely report on HRQoL has increased substantially over the
last twenty years. In the literature it has been recommended that HRQoL tools should not
only be used within the research arena but also within the clinical-setting (Velikova et al
2010). However the recommendation has not been put into practice and their use within the
clinical setting remains limited. It would seem that clinicians have a poor understanding of
what is available and are not able to link the findings with the clinical reality in which they
work. This is despite patients reporting them both as a useful way of structuring their
thoughts during outpatient appointments as well as a way of building a rapport with the
teams involved in their care (Mehanna and Morton, 2006a, Velikova et al., 2010).
Researchers have investigated why clinicians do not use QoL measures routinely within the
clinical environment (Mehanna and Morton, 2006b, Kanatas et al., 2009). The results have
suggested that clinicians do not view the findings as relevant to the clinical setting and that
the logistical burden in the resultant collection and analysis of the data is too great. The
volume of QoL questionnaires to choose from further complicates the situation. In a review
of the head and neck cancer (H&NC) literature Kanatas and Rogers (2008) identified five
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broad categories of patient completed QoL questionnaires and as many as thirteen diseasespecific questionnaires. Their conclusion was similar to a previous review by Ringash and
Bezjak (2001) in which it was acknowledged that choice of questionnaire should be
governed by the research questions being considered and the resources available.
The use of QoL data acknowledges that the patient aspect should be represented and that
this information should be collected from the patient rather than from other sources such as
health care professionals or carers, the former are likely to over estimate the physical
symptoms (Reid et al., 2009) the latter under estimate the emotional aspects of the disease
(Sollner et al., 2001). Complexity exists in all aspects of the field from the choice of
questionnaire available to the possible influences on the results. Many and diverse variables
would appear to impact on QoL scores and these include psycho-social factors: tumour
characteristics,(Hammerlid et al., 2001) physical symptoms, (Campbell et al., 2004)
treatments undergone,(Department of Health, 2011, Ronis et al., 2008) as well as psychosocial aspects of patients(Llewellyn et al., 2005, Howren et al., 2010).
The multi-dimensional and subjective nature of QoL makes it difficult to fit into the biomedical model throughout the treatment management process. The link between QoL scores
and survival for this group of patients has been noted to be neither strong nor proven
(Mehanna et al., 2008). Over time the scores within categories or sub-categories might vary
without an apparent change to the overall score, or the possibility that if scores do change
they are often in relation to the patent’s emotional response to a life-changing event and not
as a consequence of a shift in physical symptoms. It is therefore very possible that scores are
more a reflection of people’s adjustment to their change of circumstances rather than a
measure of their physical or emotional state. This notion has been demonstrated by a study
by Logemann et al (Logemann et al., 2001) in which the impact of dry mouth on H&NC
patients’ function and perception of their swallow was investigated post radiotherapy.
Logemann et al concluded that dry mouth did impact on sensory and comfort issues of
swallowing but not on the actual function of the swallow. This would suggest that the
patients are moderating or adjusting to the experience and that whilst objective measures
are important there is value in collecting the diverse subjective aspects because this will
influence patients’ score to physical aspects of the disease or treatment. A systematic review
of the HRQoL, for H&NC patients diagnosed and treated with reference to psychosocial
variables Llewellyn et al (Llewellyn et al., 2005) suggested that personality, depressive
symptoms, social support, satisfaction with consultation and information, consumption of
alcohol and tobacco all influenced HRQoL scores. In the same year a study carried out by
Scharloo et al (Scharloo et al., 2005) described how illness perceptions by patients -attention
to symptoms, believing in a greater likelihood of recurrence, engaging in self-blame, and a
strong emotional reaction to the illness- all contributed to lower QoL scores. There are
therefore indications that the impact of the disease and treatment is moderated by subjective
patient characteristics. A review of the QoL within the field of H&NC by Montazeri
(Montazeri, 2009) identified eight papers that reviewed QoL and survival. Whilst four of the
papers were not conclusive in their findings about the effect of QoL on survival a further
four did show a clear relationship in areas such as cognitive function, (de Graeff et al., 2001)
pain, appetite and eating scores (Karvonen-Gutierrez et al., 2008) and pre-treatment fatigue
(Karvonen-Gutierrez et al., 2008, Fang et al., 2004) were reported as being linked to survival.
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The conclusion of the review paper was that in order to really identify other variables more
methodological and statistical rigor should be used in future studies. This recommendation
is a recurring conclusion and perpetuates the concept that quantitative research is an
adequate way of investigating the clinical complexity evident within the specialty H&NC.
Such an approach holds with the belief that if homogeneity can be achieved between
patient-groups eventually statistically significant variables can be identified. Perhaps this is
currently an unrealistic goal with the instruments available and explains why different
studies might appear to contradict one another. It is therefore possible that the actual
variables that truly impact on outcome as measured by QoL remain both multiple, illusive
and therefore uncertain.
It would be a limiting concept to suggest that H&NC impacts on the physical aspects of a
patient with no influence on the emotional aspect. It would also be too simplistic to suggest
that patients do not draw upon previous life events in order to help them mange the current
diagnosis. From these two premises there is value in exploring the experience of H&NC at
an individual level. The National Institute for Clinical Excellence estimates that 50% of all
patients experience anxiety or depression at some point during their cancer assessment
treatment and recovery (National Institue for Clinical Excellence, 2004). If the subjective
aspect is left out in an attempt to follow a quantitative approach to study design the
relevance of the results will remain, from the clinical perspective, poor representations of
the patients. This will mean that clinicians fail to perceive a link between making clinical
decisions and the research because it poorly depicts their caseload.
Being able to describe in a more representative way the disease and treatment is the
preliminary stage of patient management. A United Kingdom government report has set out
the outcomes which it would like to see developed and used within cancer care in England
(Department of Health, 2011) The Department of Health cited research by Maddams within
this document which predicted that by 2030 there will be more than three million people
who will have been treated for cancer and survived, of which a third will be of a working
age. The report emphasised the holistic nature of the patient experience acknowledging the
financial and emotional aspect as well as the more frequently cited physical aspects. It is a
real intention of the government’s health care system that patients should achieve as much
independence as possible from both the health care system as well as their own support
network. Specific aims are set out within the report, one of which is that there should be a
decrease in the proportion of people who report unmet physical and psychological needs
post-cancer treatment. This is a significant challenge when considered in the context of a
2010 report that detailed patient experience and reported fewer cancer patients than in
previous reports had understood the information they were given even at the point of
diagnosis (Department of Health, 2010). Specifically within Britain therefore, despite more
adherences to time-targets, a cultural shift needs to be achieved from a process-driven
system towards a more personalised one. Part of this process has seen the development of
Holistic Needs Assessment (HNA) for people with cancer (National Cancer Action Team,
2011). The publication suggested that if the holistic needs of patients were identified patients
would be more likely to be engaged with their care, and identify the possible resources or
services available during later stages of their treatment. Another government publication
published in the same year, Improving Outcomes-A strategy for Cancer Care (Department
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of Health, 2011) has also recommended outcomes derived directly from patients should
form the basis of outcome measures. It would seem therefore that there are two influences
that might recommend more qualitative methodologies for the ongoing care of H&NC
patients (i) the lack of clear and consistent QoL results (ii) a political expectation, which
encourages the description of care at an individual level. It is within this context that the
current study was devised. The purpose of which was to establish whether H&NC QoL
measures adequately reflect a) the literature on patient experience b) the reported
experience of H&NC patients undergoing curative treatment.

2. Methods
2.1 Research design
A qualitative methodology was used in order to identify the themes associated with the
experience of H&NC. Three different sources of information were systematically explored
using a previously described method of analysing information (Attride-Stirling, 2001). The
sources were:
1.

2.
3.

The three most commonly used HRQoL questionnaires in the H&NC literature; These
had been identified by previous research carried out by Rogers et al (Rogers et al., 2007)
who had reviewed a five year period (2000-2005) and reported on the range and most
frequently used questionnaires.
A review of the literature that describes the H&NC patient’s experience of the
condition, its treatment and sequelae;
Semi-structured interviews recorded and transcribed from six H&NC patients. The
interview questions were informed by the themes developed from the literature, in
source 2.

For each of the three sources the themes were derived using a thematic analysis protocol as
described by Attride-Stirling (2001). The application of thematic networks is a way of
organising qualitative data in a systematic way. The thematic-analysis entailed development
of a coding-framework that could be used to analyse and categorise each of the three
sources of data: The themes were generated independently for the HRQoL questionnaires;
but the literature review was used as a way of forming the semi-structured interview
structure. This meant the process was sequential and relied upon the literature generating
the initial interview structure. In effect the third source was dependent on the themes
described in the second. Following categorisation, basic themes that evolved from each
source were grouped, re-read and re-framed. The intention was to identify underlying
patterns that might not be apparent on reading each in isolation. Finally, a review process
took place in order to decide which organising themes were discrete or broad enough, to
represent a group of ideas. The themes that were identified were organised in relation to one
another such that they could be classified as either super-ordinate, or sub-ordinate to one
another. Using the Attride-Stirling (2001) thematic analysis this meant that the themes were
classified as basic, organising or global thematic networks. Independent assessment was
provided to confirm the validity of the themes. Diagrams which represent and summarise
visually the global themes between each of the three sources are presented within the
section marked findings.
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2.2 Data gathering
Source 1: Thematic analysis of HRQoL questionnaires
Rogers et al (2007) had previously carried out a structured review of the H&NC QoL
literature in order to determine what questionnaires were used within the research. Three
HRQoL questionnaires had been identified as the most commonly used within the research
over a five year period (2000-2005). These were: The University of Washington (Hassan and
Weymuller, 1993); the EORTC C30 and H&N C35 (Bjordal et al., 1994, Bjordal and Kaasa,
1992); which are used in conjunction to one another and the Functional Assessment of
Cancer Treatment –Head and Neck Subscale FACT (List et al., 1990). Thematic analysis was
carried out on these questionnaires.
The areas represented by each questionnaire require patients to describe in the past week
which statement is most representative of their current situation. The University of
Washington (UoW) reviews: pain, appearance, activity, recreation, swallowing, chewing,
speech, shoulder function, taste, saliva, mood and anxiety. Patients also represent these
aspects of their health or function by one of five statements, which grade their abilities from
‘no’ to ‘severe change’ in function. Patients also have to identify three domains that are most
affected, rate their health to prior to the cancer diagnosis, during the past week and their
overall quality of life during the past week from outstanding through to very poor. The
Functional Assessment of Cancer Treatment –Head and Neck Subscale (FACT H&N) has a
five point scale ranging from a description of “not at all” to “very much” examining specific
areas and which include: seven questions re physical well being, seven questions regarding
social well being six questions regarding emotional well being and seven questions
regarding functional well being one of these questions asks the patient to rate their current
satisfaction with their QoL. There are also twelve H&NC specific questions that investigate
eating, communication, appearance, smoking, and drinking behaviours and pain. The
EORTC reviews via a four-point likert scale with descriptors ranging from “very much” to
“not at all” the presence of the quality a range of issues. The general questionnaire EORTC
C30 is composed of 30 multi-item scales and single items assessing areas of functioning
(physical, role, emotional, cognitive, and social), as well as general symptoms -fatigue, pain,
emesis, dyspnea, insomnia, appetite loss, constipation, and diarrhea. The patients are also
asked to rate on a seven-point scale their attitude to their own health and quality of life
status over the past week. The disease specific module EORTC H&N35 consists of 35
questions including seven symptom scales: pain, swallowing, senses, speech, social eating,
social contact, and sexuality. There are 11 additional, single items covering problems with
teeth, mouth-opening, dry mouth, sticky saliva, cough, feeling ill, weight loss, weight gain,
use of nutritional supplements, feeding tubes, and painkillers. The patient can complete all
three questionnaires independently.
Source 2: Thematic review of the literature
A literature search was carried out in July 2009 using MEDLINE, EMBASE, the Science
Citation Index (ISI), the Cumulative Index to Nursing and Allied Health Literature
(CINAHL), the PsycINFO, the Allied and Complementary Medicine (AMED) and Global
Health databases to review the literature surrounding H&NC patients’ experience and or
coping with the disease The search terms used were “head and neck cancer” and
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“experience”; and “head and neck cancer” and “coping”. There was also a manual review of
topic areas specific to experience and H&NC.
Source 3: Thematic analysis of patients’ perspectives.
A purposive sample of six H&NC patients was recruited for the study from a UK cancer
centre. The bio-clinical details and treatment undergone for each participant are presented
in Table 1a and Table 1b.
Sex

Age

Smoker

*Alcohol

Job

Tumour site

**Pathology

f

68



none

Secretary

Mandibular
alveolus

PT4N0

m

45



≤ 21

Craftsman

Floor of
mouth

PT2NO

3

m

68

ex

≤7

Health wk

Laryngeal

PT1N0

4

m

62



≤ 21

Hairdresser

Laryngeal

PT4N1

5
6

m
f

66
82


ex

≤ 21
≤7

Accountant
Linguist

Laryngeal
Buccal

PT4N2b
PT4N1

n
1
2

*number of units of alcohol consumed in a week
**pathological classification UICC 6th edition

Table 1a. Bio-Social Statistics of participants n=6

n
1
2
3
4

5

6

Surgery

Neck
dissection

RT

Scapula-flap (failed)
Pec major

Unilateral



Radial fore arm free
flap

Bilateral





None





Bilateral





Infected donor site
skin grafts

Bilateral





Trachy pre surg at
time of biopsy

Unilateral



X

None

Laser excision
PharyngoLaryngectomy
Free flap (ALT)
Tracheal oesophageal
puncture
PharyngoLaryngectomy
Tracheal oesophageal
puncture
Fibula flap

Table 1b. Treatment and complications for participants

Chemo
RT

Complications
flap failure
salvage surgery pec
major
Paralysed tongue
due to neuro praxis
of tongue
None
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The participants were eligible if it was a year since the definitive treatment date of a
squamous cell carcinoma, were judged to be cognitively intact and able to speak English.
Thirty questions acted as the structure of the interview and are reproduced in Table 2. A
year post-treatment was judged an appropriate time-interval so that participants would
Pre diagnosis
What made you go to the doctor in the first place?
Did you suspect you had cancer when you first went to your doctor?
If so, what made you suspect this?
At the time of diagnosis
How do you feel about the care you’ve been given?
How do you feel about all the people that you have had to meet directly so your care
could take place?
How did having a diagnosis of H&NC impact on your life before you were treated?
How do you feel about the information you’ve been given?
Can you explain the effect the amount of information had on you?
What has been the best thing about the information?
Can you explain how the information written or verbal impacted on your ability to cope
with the situation?
Who did you feel the key people were?
What helped you to cope with the pre treatment phase?
Post treatment
What are your main concerns now?
Has the H&NC affected the way you see yourself
What was the lowest point for you over the past year?
Has anything been particularly difficult to cope with?
Are there particular symptoms that you continue to experience?
How comfortable have you felt when discussing your situation with the team and why?
What has been the most difficult time or thing to deal with?
Are you still smoking or drinking -why?
Is there anything particular that the team can do to help you cope?
What enables you to cope with all that has happened?
How do you feel about being reviewed in outpatients?
Do you think that the team managing you have any idea how the treatment and disease
has impacted on you?
Do you feel the team understands your problems and concerns?
Is there anything you wish you could tell the team that would make a difference to your
care or others?
What have been your feelings about undergoing the treatment?
Since the treatment how do you think the disease and the treatment has impacted upon
you psychologically
What were the expectations you had of the disease and treatment and how did the reality
compare?
How has your disease and treatment impacted on those around you at home and
socially?
Table 2. Questions used to generate interviews of the H&NC patients.
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have recovered from the acute phase of treatment and not be overwhelmed by some of the
pervasive physical symptoms that have been well documented (Rogers, 2010). Each
interview was digitally recorded and independently transcribed before being analysed by
the primary researcher. The length of interview ranged from 40-70 minutes.

3. Findings
3.1 Findings from questionnaires, literature and semi-structured interviews
Six global themes were evident; four from all three sources: day to day physical comfort,
emotional well being, place in society and own mortality; one from the literature and semistructured interviews; quality of care; and one from the semi-structured interviews: reality.

Diagram 1. Thematic network: Day to day physical comfort
The global themes that were evident from all three sources however differ in the detail
covered. The questionnaires were at a basic theme level and remained at the identification
and quantification of symptoms function and role. The literature and semi-structured
interviews revealed a wider range of physical and emotional symptoms and demonstrated
increased subtleties. This meant that there was more explanation into how participants
coped with physical and emotional symptoms, as well as place in society.
Participant 1: “We have an away day in October. I said I don’t think I can go because I think
it would bother me. They said “oh no we would ask for something special for you at
mealtimes” I said “no I don’t want to eat around a table with people, if I could just bring my
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drinks and be somewhere separate where no one would bother me or say “come and eat
with us” then I’ll come.”
Participant 2: “People don’t know how much you rely on your tongue. There are a lot of
things I can’t do. I can’t touch the top of my lip. If I get a piece of meat stuck in the back of
my tooth, before I’d use my tongue….. But now I can’t. I have to use the toothbrush to get it
out….. There’s no point in getting irritated because I can’t change it. I might do it one day
but I just get on with it.”
Participant 3: You try not to let it get to you, how bad you are and the pain you’re
in(pointing at anterior lateral thigh donor site) so you cope with it more because if you’re
not showing it you can cope.”
All three of the above semi-structured interview excerpts describe symptoms and function eating in public, reduced tongue mobility and the ongoing issue of pain- but also describe
what strategies the participants use to over come them.
Whilst as a basic theme identification of primary risk behaviours such as tobacco and
alcohol use were evident within one of the three questionnaires-the FACT (I smoke
Cigarettes; I drink alcohol); the semi-structured interviews were able to develop the theme
into a personal appraisal of such behaviours being renewed.
Participant 2:“I was diagnosed on the Wednesday, I went outside and lit up; I had half a
cigarette and went home, had a cup of tea and a sandwich and smoked half a cigarette.
About five o’clock, I lit up another cigarette up and had half. I finished the other half about
eight o’clock and I said when I go to bed tonight I’ll have a cigarette in the morning. I woke
up and never touched one.
I used to smoke thirty or forty per day. I don’t know how I just stopped and I’d been trying
to pack up for ten years as my New Year resolution”
Participant: 3 More than ever, I still crave a cigarette I’ve actually banned it from the house
now. If it’s raining I’ll let them smoke in the kitchen with the door closed and the windows
open but it’s not for me.”
Within the global theme place in society the HRQoL questionnaires revealed the basic theme
of personal roles identified at work, -“my work is fulfilling” and within social and family
circles “ I get emotional support from my family”, “ I feel close to my partner” (FACT
H&N). Within the interviews the global theme was expressed more in terms of the
alienation from society and the purpose of some roles that participants had. Participants
were very specific and actively chose who would or would not know about the diagnosis
and the treatment, a way of maintaining a particular role but which within the FACT might
still be labelled as having family support and so overlook certain choices made to protect
other members of the family.
Participant 1:“I couldn’t tell my brother and sister, or my children. One of my sons had a
first child on the way and he was born three days after I left the hospital so I couldn’t
possibly worry him. ……..My younger son had had a terrible accident when he was ten
months old, he poured a kettle over himself, so knowing that I had mouth cancer, I didn’t
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even want him to come and see me, I thought it would bring it all back to him, so I shut
them out of life whilst I was in the hospital.”

Diagram 2. Thematic network: Emotional well-being
The semi-structured interviews also revealed the detail of explicit secondary gain that
predominantly focussed around enhanced relationships. This included the adjustment of
values and priorities such that more time was spent with family members. Situations were
also reappraised in the context of health and survival.
Participant 4: “I allow a lot of trivialities to go out the window, which I wouldn’t have done
before……..domestic situations at home, I’ll break something it would have bothered me
before, and I would have fixed it quickly but it can wait. I’ll get it done when I feel like it
when it’s convenient………. I can’t wait to see my grandkids. It makes you more
appreciative of your family.”
The final common theme between all three sources “Own Mortality” was again explored to
different depths by each source. Within the HRQoL questionnaires it was evident with the
FACT questionnaire “I worry about dying” In the literature it was explored through the
theme of disease recurrence- a substantial part of the H&NC survivor literature (Llewellyn
et al., 2008, Humphris et al., 2003)and an acceptance that death is a possibility (Chaturvedi
et al., 1996). Fear of recurrence within the semi-structured interviews was openly expressed.
Participant 5 “Now and then I worry it might come back.”
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Participant 1 “Now and then the worry comes over you. I don’t worry if it will come back; I
wonder if I would have the courage to meet new people with that diagnosis again, I’m ok
where I am.”

Diagram 3. Thematic network: Place in society
There was acknowledgement that participants had actively prepared for the possibility of
dying soon after treatment. Five of the six participants had made personal preparations in
the event of not recovering enough to adequately deal with personal effects.
Participant 1: “All day for a couple of weeks I didn’t think I would survive the operation
and I knew the house would have to be cleared so I just spent day after day clearing books.
One day I had eight bags for the charity shop.”
Two participants within the global theme of mortality expressed regret at having the
treatment. There was a sense of reappraisal in the context of having the treatment and an
admission that the current existence was hard to reconcile because of the change in function.
Participant 3: “I wish to God now that I had not had it done and I would have just carried on
for twelve months with a bottle in one hand, well not for twelve months I most probably
would have had three. I’m not used to being ill for longer than a couple of weeks.”
One of the participants commented on the difference for them between the questionnaires
and an interview discussion.
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Participant 4 : “if you do the normal surveys when you’ve come round and asked me
questions, I tick and cross the response but I don’t think I give out that much
information,………… but some people like me when you start talking never stop and then
you find out so much in twenty minutes, -all in one go.”

Diagram 4. Thematic network : Own mortality
3.2 Findings from literature and interviews
The literature and interviews added a further global theme: quality of care.
The quality of care theme was able to illustrate patient vulnerabilities and assumptions that
might be present during the treatment process. There was a sense from participants
interviewed that it was not possible to really appreciate how long it would take to begin to
recover from the treatment. The semi-structured interviews gave evidence of the difficulty
participants had in the assimilation of written and verbal information, and more specifically
the implications of not understanding information. One participant explicitly described how
it was difficult to appreciate what the real meaning was of a neck dissection until it had
happened, relating it then to physical changes.
Participant 2: “The surgeon was saying what he was going to do, he said he would cut me
from here to here and he would take my glands out. I understood but I suppose I didn’t
understand the extent of what the operation involved. Does that make sense? They are alien
words; when you say you are going to make a line from here to here and take away glands I
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don’t really know what that means. I didn’t know the glands were as big as they were. It
was obvious what was happening but I didn’t understand what it would mean.”
Another described how despite needing three operations within the space of three weeks it
was not possible to be prepared any more comprehensively because of it being so difficult to
predict the course of recovery. Research has concluded that the timeliness, individuality and
amount of written and verbal information given to patients are vital if trying to reduce
evident mismatch between patient expectations and experiences (Llewellyn et al., 2008,
Llewellyn et al., 2006).

Diagram 5. Thematic network: Quality of care
A substantial organising theme was the relationship with the team. Examples were given
within the literature of individual and patient orientated care and although the teams
judged this as time consuming,(McLane et al., 2003) it was seen to have value and focus to
the team and patient interactions. H&NC patients undergoing treatment have been
described as resilient and resistant to offers of help (Wells, 1998), an issue echoed within the
semi-structured interviews when a participant described not wanting to bother busy ward
staff unless there was a real need. For example it might also be that there is some difficulty
in patient compliance and adherence to treatment programmes that needs to be identified
and addressed (Edmonds and MaGuire, 2007). Specific to the semi-structured interviews
there was evidence of institution organisation difficulties. These included logistical and
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practical issues relating to appointments. Both the literature and semi-structured interviews
disclosed information relating to the humane judgments in patient care. There was evidence
to suggest that it was expected that there would be good advanced communication
skills used, which would result in a consistent and understood message from the teams
(Moore et al., 2004, Llewellyn et al., 2006). Specifically the semi-structured interviews
highlighted the utter trust, vulnerability and belief in key members of the clinical team that
the participants had.
Participant 1 “Well you couldn’t be in better hands anywhere in the world, from first
meeting my surgeon I had no fear and trusted him. I always felt better when I left the
appointment he was just so down to earth and gave me so much confidence.”
Participant 2 “And the surgeon’s reputation is important, because you’re thinking if you are
going to do this to me, and you are telling me its going to work, I have to believe you are the
best to do it, because if I don’t then you are completely lost…They don’t make you feel like a
number. If I’ve got a problem I can raise it with somebody. It’s not as though you go to the
bottom of the pile and have to repeat it all the next time you visit they remember the
conversation and what was on your mind at the last appointment.”
3.3 Findings from the semi-structured interviews
The semi-structured interviews revealed a specific global theme, reality that reflects some of
the stoical aspects of the participants in dealing with the situation. In this context
participants described unremitting symptoms, the acceptance of being reactive rather than
in control, the need for an inner strength and the stark choices that had been faced during
the assessment and treatment phase of their disease. Participants did not perceive choice at
the time of treatment because in reality little choice existed in deciding whether to
have treatment.
Participant 5: You’ve got no option, it’s that or nothing, so you have to have it done you
don’t have to think about it at all-there is no choice.”
The perceived choice by others was not in reality available to the participants. This aspect of
stark choices linked to the basic theme of alienation that participants felt in the global theme
“place in society”. The inner strength that became an organising theme was made up of
examples of physical and emotional loneliness and a sense of if the participants did not deal
with the issues then no one else would.
Participant 3 “I just worried that I’m not going to feel much better and I’m finding it difficult
to cope.”
Participant 5 “The days pass and you go to sleep and you relax and you don’t think about it
even with the tube in your neck (tracheostomy) you have to learn to switch off and let the
nurses do the worrying.”
There was also evidence of unremitting symptoms, both physical and emotional that were
continually present and difficult to ignore. This in part explained the reactive state that
participants expressed in which they were not able to take control of certain symptoms.
There was a sense of needing to wait to heal; knowing that to be too active would lead to
frustration, fatigue and deterioration in function.
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Participant 6: “For me it is a very ongoing thing and also to the point where you can have
what are called one of my ‘good days’ and you think this is great only to feel the next two
days are horrid and you think I’m back to where I was. I count my good days and enjoy and
do what I can …. You have to let time pass, you can’t hurry (the recovery) and you have to
let it go at it’s own pace.”

Diagram 6. Thematic analysis: Reality
The evident stoicism and depiction that participants presented that they were emotionally
coping hid the reality of the gruelling impact that participants dealt with.
Participant 3 “Once you let your defences down that’s when you start to crumble, so it’s as
though I’m standing on the outside of the building, but I’ve crumbled inside, ………there
are times in the last few weeks I’ve felt ‘oh hell what’s the point, I’m not bothered but I don’t
let on.”
From the semi-structured interviews it was possible to represent the global themes from
statements made by the patients such that statements could be categorised under the global
themes and perhaps give some real salience to the experience of the disease and treatment of
H&NC. Diagram seven represents the 45 statements under one of the six global themes.
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Diagram 7. Statements from participants that represent six themes.

4. Discussion
Three sources of information relating to the experience of H&NC have been thematically
analysed using a previously described approach (Attride-Stirling 2001). HRQoL
questionnaires focus on symptoms and function, which mean they remain at the level of
basic themes. They do not allow the influences or the connections between scores to be
understood so that patient adjustment and reappraisal when undergoing treatment is
poorly represented. Whilst there might be changes identified by HRQoL questionnaires
when they are repeated, there is limited explanation as to how the patient might have
achieved this or the relevance of the symptom or change in function for the patient. This
perspective is verified further in the context of the literature which has suggested that
H&NC patients will under-report symptoms, due in part to a sense of hopelessness and
loss of meaning to life following treatment for the disease (Moore et al., 2004). It might be
therefore that the use of HRQoL questionnaires under-represents patients’ real experience
both in terms of intensity and scope.
This investigation of the experience of H&NC enables one to conclude that there are perhaps
complex and interactive patient characteristics that will impact on the H&NC patients’ QoL
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scores. The semi-structured interviews identify in participants a reappraisal of values,
numerous coping strategies, and adaptation. It might therefore be that HRQoL
questionnaires are measuring other effects, that modify patients’ scores which are not
directly related to the treatment and disease and which might, if better understood, give
insight to the patient, carers and health care team which might secure a more successful
management of the patient. A specific example of this can be seen within health behaviours.
If a patient is still smoking or drinking alcohol the behaviour should not only be identified
but have a patient specific commentary so that the health care professional might become
more informed of the context for the continuing behaviour. If this could happen cessation
programmes if appropriate might be more successful. Assessment of the existence of risky
behaviours is only evident within one of the three most regularly used HRQoL
questionnaires the FACT. It would seem therefore discussion of health behaviours is poorly
represented within HRQoL questionnaires.
The current study demonstrates that the focus of HRQoL questionnaires is narrow and that
it is important to build a context in which the HRQoL variables are a part rather than the
whole. Whilst physical, emotional symptoms and personal relationships are a substantial
part of a patient’s description of their well-being they are not the complete picture. In order
to achieve this, patients’ needs and possible current limitations, quality of care and the
reality of the situation for them as individuals should be discussed. If this aspect of the
whole person can be better understood then personalised care can be described and care
plans created which meets UK government policy (National Cancer Action Team, 2011). It
might also be that the process of semi-structured discussion allows a patient to review their
concerns and have them recognised as important aspects of their care. Through this method
of investigation the health care team might begin to truly understand, in the context of the
patient’s own previous life-experiences why they might have reacted in a particular way
during their treatment and recovery. Such understanding and reflection might allow
patients to recognise at an earlier stage their needs, which might avert a crisis; a further
intention of the Holistic Needs Assessment set out by the National Cancer Action Team
(2011). It might also mean that patients are able to discuss and understand dissatisfactions in
life without having feelings labelled as either anxiety or depression.
It has been suggested by Salander (Salander, 2011) that the added burden of the cancer
diagnosis and treatment prompts patients to seek support in order to lessen the total
psychological burden. He went onto suggest that whilst patients need medical input to cure
them of the cancer they are capable of lessoning some of the emotions associated with the
situation. As part of this process they may respond well to the opportunity to reappraise
their life. Within a treatment paradigm patient data should not only act as a descriptor but
also as a way of formulating a treatment plan. If this could be achieved, studies would move
beyond recognising the presence of the impact towards aiming to describe more specifically
how treatment has affected patients. Discussion via semi-structured interview enables much
more explanation of the patient’s situation and allows for the true context of the symptom or
feeling to be described. This approach is more holistic and might allow for the medical team
to make judgements with the patients, which relate to their tolerance of the situation. This
method of enquiry is less likely to be open to misinterpretation and might add more
satisfactorily detail so that care-plans might be formulated. It might be that HRQoL
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questionnaires can act as a screen of needs assessment for some of the more obvious
physical and emotional impacts of the disease and treatment, but they should not take the
place of detailed discussion between the team and patient, and in no way can they be said to
be representative of the whole experience.

5. Conclusion
Outcome should be represented in more meaningful terms than length of survival or clinical
process targets. HRQoL measures might identify some of the more superficial aspects of
outcome but a more rounded understanding of the covert aspects may positively support
both the patient and their carers through such life-changing experiences. HRQoL
questionnaires cannot be said to adequately reflect either the available literature on patient
experience or the reported experiences of H&NC patients themselves. Review of all three
sources would suggest that when used HRQoL questionnaires are used there is a narrow,
symptoms biased collection of information. The questionnaires cannot capture the wealth of
the data that is potentially available or offer an explanation to some of the measures that
are taken.
Health care teams, patients and their families should understand the impact of H&NC and
its management from a holistic perspective so that the care can be achieved successfully for
each individual. HRQoL measures by necessity have a narrow focus on symptom and
function and these can be mistakenly seen as representing a patient’s QoL rather than as
some of the constituent parts. Within a clinical setting it would seem valuable to routinely
invite patients who have undergone treatment to discuss, in a semi-structured way, the
individual impact of the disease and the treatment. The purpose of this would be to facilitate
a deeper understanding through explanation of the individual experience and to enable
specialist teams to support patients more appropriately in outpatient settings. If this were to
happen it would enable teams to move away from the quantifying process, in which a
change in score has limited real meaning towards more a detailed explanation. Moving
towards a more holistic needs assessment should enable patients to explain what has
happened to them and to appreciate a more complete picture of the impact. If this could be
achieved one might expect that a patient is less dependent on others for their well-being and
that they could seek help earlier. There should be a recognition that patients’ minds are
intrinsically linked to their physical status and are not well represented because they are
hard to describe in a meaningful way.
This study only examined the experience of six H&NC patients’ experience of their
treatment within a UK cancer centre. The statements gathered from them can be used in a
more formal way to investigate the experiences of other H&NC patients. A future study will
use the list of statements generated from the six identified themes with other H&NC
patients and invite them to rank them according to how like or unlike their experience of the
disease the statements are. The current study has therefore acted as a way of creating a set of
statements from three sources, and is part of the a method called Q Methodology, which has
been described as a way of looking for patterns in the way people think (Webler, 2009).
There is perhaps a role for more qualitative methodologies to be used alongside quantitative
methods in order to discover what factors affect people who survive the disease, which to
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date has been poorly identified. This may allow a structured approach that is replicable with
more groups of patients and this might be said to be an influential method of gathering key
factors that are important for patients at an individual level. The ultimate goal will remain
to collect information that can inform the management of patients who live with the
consequences of a life changing event so that they can live as independently as possible
from health care systems and carers.
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1. Introduction
1.1 Public health and head and neck cancer
All definitions of public health share a mutual aim, i.e. to decrease disease and preserve
health (Beaglehole & Bonita, 2001). In the nineteenth century public health (i.e. the old
public health approach), search for changes in the physical environment and point at e.g.
education of personal hygiene, and development of social standard of living satisfactory for
maintenance of health, further infection control, medical and nursing services for early
diagnosis and preventive treatment of disease. In the mid-1970s, the movement towards a
new public health approach sought changes in, social, political, economic and
environmental conditions believed to enhance health. The topics are fundamental,
socioeconomic determinants of health and disease, in addition to more proximal risk factors.
These determinants of health- i.e. our life circumstances linked not only to living with
illness, genetic disorders, or other disease, are linked to income, educational status, and not
least to social relationship to others. All these factors seem to prompt linking public health
research to individuals and groups living with Head and Neck Cancer [HNC]. Additional, it
is not uncommon that the location of the tumour and the side effects of treatment (surgery
and radiation) often result in everlasting, visible disfigurement, and those affected could
experience this as a social disability (Vickery et al., 2003). Visible disfigurement is known to
be associated with extensive psychosocial worries, considering the face is the initial focus in
encounters and central to verbal and non-verbal communication (Rumsey et al., 2004). Even
a brief glimpse of the affected person informs the observer of a dissimilarity of ordinary
look. Furthermore, these persons often have poor speech and might avoid social contact,
often restricting them to a close circle of friends and relatives (ibid).
When a person contracts an HNC disease he/she always carries the primary concern for
individual health. If he/she is too sick, the responsibility shifts to the next of kin. As a final
point, the responsibility shifts to society. On the individual level, public health aims to
promote health and enhance comfort to those groups and individuals that are most
vulnerable to ill health (Beaglehole & Bonita, 2001). Patients with HNC search for relief and
health resources when they experience lifelong feelings of ill health (cf. Aarstad, 2008).
Nevertheless, it seems to be challenging for them to achieve better health and well-being
since they live constantly with chronic problems, e.g. swallowing and eating disorders that
go with their increasing age.
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1.2 Head and neck cancer
HNC is comprised mainly of squamous cell and adenocarcinoma and includes cancer of the
lip, mouth, sinuses, ear, nose, salivary gland, thyroid, larynx, tongue, pharynx and
oropharynx, nasopharynx, and hypopharynx (cf. Feber, 2000). HNC is most common in
people in aged >50 years, and the percentage of aged patients is rising due to the increasing
lifespan. HNC presents diverse aetiologies and pathology, but tobacco and alcohol use,
particularly in combination, are known risk factors (cf. Langius, 1995). The pattern of HNC
is not same for both sexes, e.g. women have three to four time greater chance for thyroid
cancer than men have (cf. Feber, 2000). In contrast, cancer incidence in the tonsils has
increased threefold in men since 1970s and this could be an indication of an epidemic of
virus-induced carcinoma, since nearly all tonsils cancer originates from a human papilloma
virus infection of the mucosa (Näsman et al., 2009). HNC is the fifth most common cancer in
the Nordic countries and the annual incidence of this cancer is increasing, and its prevalence
reflects a long term survival rate. The survival rate has increased in recent decades due to
the many advances in surgery and development in combining radiation therapy and
chemotherapy. These findings correspond to other cancer research showing that
advancements in cancer research have reduced the risk of cancer death across
lifespan. Consequently, cancer should be recognised as a chronic illness (cf. Carnevali &
Reiner, 1990).
Traditionally, Western medicine that follows oncology guidelines is used in treating HNC in
Denmark, Finland, Island, Norway and Sweden. Treatment is based on clinical factors, i.e.
histological diagnosis, primary site, tumour size and spread, likelihood for total surgical
resection, and potential to save speech and swallowing functions. Additional factors are
patients´ wishes, cooperation, physical function, social status, and education, experience,
and physician qualifications (cf. Feber, 2000).
Radiotherapy is standardised with 60 to 68 Grey given once or twice a day, five days a
week, for 35 to 50 days. Unceasing improvement in radiotherapy are allowing clinicians to
target only the diseased tissues, thus resulting of fewer side effects compared to previous
therapy (Sharp, 2006). Likewise, chemotherapy has also advanced and can be used as both
curative and palliative treatment, or as an integral part of radiotherapy, with drugs given
five days on three or more occasions (cf. Aarstad, 2008).
These treatment offer cure and/or palliation for patients but have also side effects such as
acute breathing and bleeding problems. In addition to long-term changes with swallowing
and/or communication, this could cause psychological and existential problems for patients
(cf. Björklund, 2010). In recent decades, services for patients´ emotional and practical needs
related to support, care, and knowledge have been available at ear, nose, and throat clinic
(cf. Larsson, 2006). However these clinics are not easily accessible for everyone with HNC,
since the patients often need acute support when experiencing harsh side effects of
treatment. Access to health care can be difficult and frequently patients try to find additional
treatment known to be health promoting in people with cancer (cf. Hök, 2009). This
treatment is often referred as complementary and alternative medicine, but this and
traditional medicine is context-dependent (World Health Organisation [WHO], 2002). The
term complementary and alternative medicine speaks of a set of health care practices that
are not part of a country´s own traditions, or not integrated into a dominant health care
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system. Hence, a particular practice such as acupuncture might be referred as
complementary and alternative medicine or treatment in Western (developed) countries,
while it is classified as traditional medicine in China. Traditional medicine includes diverse
health practices, approaches, knowledge, and beliefs to treat, diagnose, or prevent illness.
Additionally, it can incorporate plant-, animal-, and/or mineral-based medicines, spiritual
therapies, manual techniques, and exercises applied singularly or in combination to
maintain well-being (ibid).
Complementary and alternative therapies such as Yoga and human touch are shown to be
effective and valuable for patients’ with different cancer forms (Leddy, 2003). Both therapies
integrate awareness of breathing, improved muscle relaxation, exercise and social support,
and their documented positive effects on fatigue, sleep, mood, and sense of well-being.
Since the patients have specific problems, e.g. living with deformity, perhaps
complementary and alternative medicine could be used as self-care to help these patients be
capable of daring to present and touch their deformed face after surgery (Dropkin, 2001).
Siegel (1990) stresses that an individual´s attitude towards self and the power of positive
thinking could be the most important factor in healing a cancer and promoting health, and
this has always been an integral part of Eastern healthcare culture (cf. Dossey et al., 2000).
1.3 Everyday life with head and neck cancer
It is known that the experience of living with an illness is based on the context of the
individual’s reality i.e. at home, at work or in health care, and is related to subjective
discomfort and practical implications of life (Carnevali & Reiner, 1990). The personal
uneasiness of having HNC often begins with insidious symptoms that could be similar to
experiences from minor ailments, e.g. blocked nose, sore throat, hoarseness, earache, mouth
ulcers and swollen lymph glands (Feber, 2000). But the patient’s symptoms progress to
become a struggle of daily problems with breathing, bleeding, odour from nose or mouth,
eating, swallowing, fatigue, speaking, and pain in addition to changes in appearance.
Larsson (2006) revealed the patients’ eating and swallowing problems as a very specific
contextual phenomenon, and highlight the need to focus on the patients’ needs on the
whole. Patients’ nutritional problems often lead to extreme weight loss, in addition to
fatigue. Fatigue is a subjective, unpleasant symptom, especially during and after
radiotherapy and can range from tiredness to exhaustion. Together with pain in the
shoulder and arm, due to neck dissection, it affects with the patient’s ability to perform
domestic tasks (cf. Björklund, 2010). Also, patients’ complex communication problems, with
limited speech or no voice at all, complicates life and their contact with health professionals.
Also, patients must often learn to live, and Semple et al. (2008) suggest that patients’ with
disfigurement could be more vulnerable since appearance affects a person’s identity, selfimage, ability to converse, and success in interpersonal relationships. These physical
problems could lead to psychosocial consequences, e.g. changed mood, social anxiety, and
behavioural avoidance that could minimize patients’ sense of health and well-being in life
(Björklund, 2010). Living with HNC is challenging because of its acute and long- term health
consequences for those affected, and since health is such an important resource in everyday
life it is important to focus on how the patients can experience better health (WHO, 1986).
HNC cancer corresponds to the chronic illness definition; an illness that is prolonged, does
not resolve spontaneously, and is rarely cured completely (National Center for Chronic
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Disease Prevention and Health Promotion [NCCDPHP], 2010). Despite the long-term
problems, patients’ with HNC seemed to adjust to their new situation; to live with the
disease and maintain their well-being (cf. Björklund, 2010). These thoughts and behaviour of
maintaining well-being can be understood through the Shifting Perspectives Model of
Chronic Illness (Thorne & Paterson, 1998; Paterson, 2001). This model suggested that people
with chronic illness has element of both illness and wellness that effect their life and outlook
on living. This determines how people respond to the disease, themselves, caregivers and
situations, and it represents their beliefs, perceptions, expectations, attitudes and
experiences of what it means to live with a chronic illness within a specific context
(Paterson, 2003). They either putting the illness itself in the foreground, or they live their life
in essence as a well person. The wellness-in- the-foreground perspective focuses on one’s
self as a person and allows patients to distance themselves from the disease and to find
meaning and hope when focusing on emotional, social and spiritual wellness (Paterson,
2001). It permits people to rate their overall health as good even when their physical
function is significantly impaired, and could provide opportunities for personal growth and
change. However, keeping wellness in the foreground could prevent individuals from
getting the service or attention they need since patients are forced to focus on their
limitations and weakness to receive help, and this could threaten their integrity and sense of
self (ibid.). The illness-in-the-foreground perspective focuses on the sickness, the suffering,
and the loss, and patients are absorbed and overwhelmed by the illness. The model illustrate
that the perspective is not static and suggest that understanding the individual’s perspective
at any given time enables health professionals to provide appropriate care and support for
people with either perspective (Paterson, 2003).
1.4 Health
Health is formed, lived and promoted by people in the settings of their everyday life; where
they learn, work, play and love (WHO, 1986). The word health has its roots in the word heal,
which originally meant whole, and implies considering a person in his/her entirety as a
social being. Hippocrates (about 400 BC) described health as a condition in which the
functions of the body and soul are in harmony with the outside world. Health is valued
through each individual’s personal experience and can be known only through personal
description (Hover-Kramer, 2002). Antonovsky (1996) defines health as a continuum
between the extremes of health and disease, implying that health is present for the entire
lifetime. When individuals move towards the healthier or positive end of the continuum it is
called salutogenic as opposed to pathogenic. This focuses on patient’s personal strength and
health resources, i.e. salutogenic factors, and supposedly contributes directly to health and
predicts favourable health outcomes. This perspective of viewing health, referred to as
holistic health, is represented by Nordenfelt (1995; 2007) who describes health as being
related to the extent to which the individuals can realise their vital goals under standard or
reasonable circumstances. Furthermore, he stresses that all individuals have the right to
determine and to decide what health signifies to them specifically, i.e. health relates to the
affected and their situation and goal in life (Nordenfelt, 1995). However, some patients have
cognitive disorders, or no strength, and then their next of kin or health professionals need to
act as spokespersons, look after the patient’s needs, and find out what could improve their
health (Björklund et al., 2010). However it is known that patients living with HNC may
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experience ill health from the acute and long-term side effects of tumour growth and
treatment, and this could impact on their entire life situation. But every human being has
his/her motives for health and the experience of health, and this relates to the person’s
attentiveness to their own potentials, i.e. their own health resources. If the person feels well
and can function in his/her social context, then that is their experience of health and feelings
of well-being irrespective of illness or health condition (Nordenfelt, 1995).
1.5 Health promotion
The concept of health promotion is a theoretical concept and has been interpreted in many
ways. Expressions such as equality, partnership, collaboration, participation, selfdetermination and mutual responsibility, and empowerment are used in the Ottawa Charter
when describing health promotion (WHO, 1986). Health promotion is a positive concept
emphasising personal, social, political, and institutional resources, as well as physical
capacities. As such, not a responsibility for health services alone, since subjective feeling of
health and well-being are a necessity and require participation from the individual self.
Leddy (2003) highlight to look at the patients as active individuals with strength to decide
for themselves what they think promotes their health. The human being’s power lies in
his/her inner strength, i.e. the ability to be free to act, which also implies ability to refrain
from actions. Some describe health promotion as being consistent with the disease
perspective, which is based on risk factors that cause disease, i.e. a pathogenic perspective
(Tones & Tilford, 1994). In this context, the patients in focus are recipients of information
and education from health professionals who inform about risk factors, e.g. smoking that
could cause biological changes resulting in disease, and encourage health activities that
could prevent ill-health or promote health. Though, health promotion in relations to patients
with HNC could mean that an individuals’ viewpoint defines what counts as healthful. This
is a transformation from expert- driven care to patient- centred care (Young & Hayes, 2002).
Although this perspective involves education and information, it emanates from the
patient’s own questions and overall life situation (ibid.). For instance giving up smoking or
alcohol is a reliable way to prevent and lessen the recurrence of some HNC (cf. Feber, 2000.
Yet, giving up these habits will not directly lead to achieving vital goals in life; nor will it
spontaneously reinforce patient’s ability to act (Aarstad, 2008). Further, Allison’s (2002)
research shows that using wine during recovery can lead to decreased sense of illness. It is
also known that intake of citrus fruits could be protective and reduce risk of developing a
secondary primary tumour in the lung, but often the patients’ anatomical problems make it
impossible to eat the recommended food (Larsson, 2006). Pender (1996) stresses that health
promotion aims to, and includes, advocating health wishes and intensifies patients’ positive
potentials for health. Berg et al. (2006) assert that patients (hospitalised elderly) perceived
health as being able to be the person they were, to do what they want, and feel well and
have strength. They view health promotion as being enabled- through the person they were,
through information and knowledge, and through hope and motivation. Health
professionals ought to work in partnership with their patients as relational beings, i.e. health
promotion is a matter of power distribution and joint responsibility (Young & Hayes, 2002).
Effective communication, understanding and insight were experienced as enhancing health
and well-being for patients in HNC care (Richardson, 2002). Wells (1998) research reveals
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that some patients with HNC have resilience and profound reluctance to ask for help
despite extensive physical and emotional trauma. Perhaps this is not necessarily attributed
to characteristics of the patient. Research shows health professionals’ behaviours e.g.
rejection, annoyance, and being stressed could discourage patients from expressing their
needs (cf. Halldórsdóttir & Hamrin, 1997). To experience feelings of positive human
encounter when receiving care, patients need respect and balance in every care contact with
health professionals (National Institute of Public Health [NIPH], 2005). Consequently,
perhaps patient- centred care (Institute of Medicine [IOM], 2000) and accessible information
could strengthen hope and motivation and help these patients build the strength to decide
to act and ask for help if and when they need it. This corresponds to The Ottawa Charter,
which underlines the individuals’ own activities in the health promotion definition- a
process of enabling people to increase control over and to improve their health, i.e.
empowerment (WHO, 1986). Empowerment is a multi-dimensional social process. At the
core is the idea that we could accept that power can change and expand and make
empowerment possible. Empowerment is part in health promotion and as such is said to be
essential, implying a mobilisation of individuals (and groups) by corroboration of their basic
life skills, and enhancing their decisions and actions affecting their health (Nutbeam, 1998).
Empowerment is strongly connected to the idea of holistic health (Dossey et al., 2000), in
particular when defined as the ability to act to realise vital goals (Nordenfelt, 1995). It may
be understood to promote health if it implies the growing capability of patients to succeed
in their self-formulate goals, with an outcome of better health. This concept encompasses the
idea that people can form relationships with others, and that the empowerment process
could be similar to a journey that develops as we work through it (Leddy, 2003). Mok et al.
(2004) revealed that empowerment leads to increased self-determination, self-worth,
creating of autonomous decision making and ultimately a mastery over and acceptance over
the illness and the meaning in everyday life.
1.6 Rationale of the studies
The intent of the studies is to describe 35 participants’ experiences from a health promotion
and salutogenic perspective. There is a value in focusing on patients’ personal strength and
other health resources, though possessing a sense of better health and well-being could be of
significance for patients as they endure their vulnerable situation. An increasing number of
people are contracting HNC and patients face both acute and long- term chronic problems
from the illness and side-effects from treatment. These factors reflect the illness burden for
patients and their next of kin, and need for continuing and long-lasting access and support
from healthcare and society. HNC often causes visible disfigurement combined with speech
and eating disorders that could lead to psychosocial problems. Such features underline that
this fairly large group in society could be a concern of public health services. In view of this,
it was important to reach understanding of how patients could find a balance between
ability, demands, and actions for realising their vital goals, under realistic conditions, during
this long-term illness. This goes far beyond a superficial knowledge of the situation- it
means trying to understand and enter into the affected individual’s experiences and sphere
of thinking, trying to gain insight and share feelings of another individual and understand
the meaning that he or she attaches to a phenomenon.
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2. Aims
The studies aims to reach a deeper understanding of living with head and neck cancer and
to identify the experiences that patients felt promoted their health and well-being.
2.1 Specific aims
-

to describe cancer patients’ experiences of nurses’ behaviour in terms of critical
incidents after nurses had given them health promotion care (Bjorklund & Fridlund,
1999; paper I).
to describe the characteristics of health promoting contacts with health professionals
as encountered by individuals with head and neck cancer (Björklund et al., 2009;
paper II).
to shed light on health promotion from the perspective of individuals living with head
and neck cancer (Björklund et al., 2008; paper III).
to illuminate what it means to live with head and neck cancer (Björklund et al., 2010;
paper IV).

3. Methods
3.1 Design
A qualitative research design was chosen since this type of design generates an awareness of
human experiences, as expressed by the individuals themselves in their natural context
(Polit & Beck, 2008). The design is flexible, and the researcher is the tool for data collection
and analysis while engaging in on-going reflection and decision-making throughout the
studies’ progression. The studies employ different qualitative methods. The first study was
conducted in Denmark, Finland, Island, Norway and Sweden, with one individual from
each of the four participating Nordic countries and 17 from Sweden (paper I). Since costs,
logistics, and time would have been prohibitive in conducting a qualitative follow-up study
in five countries, the remaining studies (papers II, III, IV) focused on the Swedish HNC care
context. Furthermore, it was not the intention to conduct comparative research between
the countries.
3.2 Study context
The first study was conducted from 1997 through 1998 in the Nordic countries (paper I), and
the second study during 2005 in Sweden (paper II and III), and the last study was
conducted from 2005 through 2007 in Sweden (paper IV). All participants had received or
were receiving treatment for HNC i.e. surgery, radiotherapy or chemotherapy at their
regional oncology centre or local ear, nose, and throat clinic. During these treatment periods
the patients had contact with numerous health professionals, i.e. different surgical, radiation
and medical oncology experts, dentists, pathologists, physiotherapists, speech therapists,
social workers, dental hygienists, dieticians and nurses. Healthcare policies concerning the
treatment of HNC in the Nordic countries have changed during the past decade,
from inpatients care in general to short hospital visits and outpatient care. Adding,
policymakers have stipulate sharper guiding principles towards more health promoting care
(cf. NIPH, 2005).
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3.3 Participants
All patients’ (n= 35) interviewed were purposively selected in consultation with medical
and nursing staff involved in their care. The selection criteria were:
-

Men and women above age of 18 years
Willingness and interest to verbalise and communicate their own experiences
Diagnosed and treated for different forms and stages of HNC
Curative or palliative treatment of HNC

Nine of the patients (six men and three women) originated from seven other countries
outside of Sweden (Southern Europe, Middle East and other Nordic countries).
Of the 21 men (aged 38- 83 years; median 62.6 years) 15 were married or cohabited, two
lived apart, and the rest were divorced, widowed, or single. Of the 14 women (aged 59-81
years; median 65.4 years) nine were married or cohabited, one lived apart, and the rest were
divorced, widowed, or single. All but two men and two women had children, and several
had grand-children. One participant was unemployed, and 14 were employed, one was a
student, five had disability pension, three had early retirement pension and eleven were
retired. Of the patients who chose not to participate 12 were men (aged 35-65; median 48.6
years) and seven were women (aged 32-80; median 55.7 years). Six men and four women of
those initially asked chose not to participate in the first study (paper I), and six men and
three women chose not to participate in the second study (papers II and III). All agreed to
participate in the last study (paper IV). In nearly half of the participants (n= 15), seven men
and eight women) the cancer had not spread, but nearly all patients had large tumours.
Eighteen participants had lymphatic gland metastases and eleven had recurrence near the
first tumour. Seven had both metastases and recurrence. The severity of the HNC sickness
could have impacted on both the unique patient’s everyday life and on the next of kin who
shared his/her experiences.
Some of the patients’ problems, symptoms and changes could be particularly unpleasant,
for instance:
-

33 participants experienced eating and swallowing difficulties
31 participants had visible tumours or skin defects in the face or neck after surgery or
radiation
20 participants had hoarseness
18 participants had increased phlegm with coughing or spitting, or no saliva and dry
mouth
16 participants had articulation problems
5 participants who had undergone laryngectomy had pseudo voice
4 participants had nasal voice

3.4 Interviews
All studies were based on individual open-ended semi-structured, qualitative interviews
(Kvale, 1996). A semi-structured guide with written topics for all studies was developed in
advance, reflecting the author’s interest in everyday life, especially in what promotes better
health and well-being for patients’ with HNC. In the first study, a semi-structured interview
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Diagnosis

No. of participants Male/female

Cheek cancer
Epipharynx cancer
Gingival cancer
Laryngeal cancer
Lip cancer
Mandible cancer
Maxilla cancer
Mouth bottom cancer
Nasal cancer
Oro-pharyngeal cancer
Unspecified head and neck cancer
Oesophagus cancer
Salivary gland cancer
Tongue cancer
Tonsil cancer
Thyroidal cancer
Other solitary cancer in the body

3
1
2
6
1
1
2
2
1
1
2
0
1
4
7
1
5

3/0
0/1
0/2
4/2
1/0
1/0
1/1
1/1
(2/2) 1)
1/0
0/1
1/1
0/0
(0/1) 1)
0/1
2/2
6/1
0/1
2/3 2)

Table 1. Presents an overview of the 35 participants’ diagnosis and was designed to include
the specific diagnoses while ensuring the confidentiality and integrity of all participants
when grouped together. 1) Side diagnoses are indicated in brackets, 2) Prostate, stomach,
breast, lymphoma, and melanoma.
guide was constructed by following Flanagan’s (1954) advices, i.e. questions were derived
from the aim of the study (Bjorklund & Fridlund, 1999). After one test interview, both the
technique and the questions proved to be satisfactory and were included in the study. In the
second study, a semi-constructed interview guide was constructed and used, and three test
interviews were conducted. Since these were unsatisfactory, the guide was divided into two
areas, one to cover topic for paper II (Björklund et al., 2009) and one for paper III (Björklund
et al., 2008). After revision, all participants were re-interviewed using the two-part guide.
The first three test interviews were included into the respectively participant’s interview. A
semi-structured guide was further constructed for the last study. One test interview was
conducted and showed the guide to be useful. Hence, the interview was included in the
study (paper IV). In this last study, the interviews were repeated and extended over 1-year
illness experiences, dissimilar in points in time for each participant (Björklund et al., 2010).
3.5 Interview process
All patients’ (n=35) gave their written consent before the interviews and chose the time and
place for their interview. Some patients were interviewed once (Bjorklund & Fridlund, 1999,
Björklund et al., 2008, 2009) while others were interviewed up to four times (Björklund et al.,
2010).The patients were interviewed at their homes (n=30), at hospitals (n= 21), or at their
place of work (n=2). Since it could be problematic to interview patients with impaired
speech, sufficient time was allowed to reach an understanding. The interviewer focused on
topics, however the participants were allowed to talk freely about topics and narrate in their
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own words. Problems could arise because Swedish was not every patient’s native language.
Hence, parts of some interviews were performed in English. Neither the participant nor the
interviewer had English as their native language, but all were familiar with the language.
Body language was also used frequently, e.g. facial expressions and lip movement or
pointing at the body to describe surgery, pain, disgust or cheerfulness. Some participants
clarified their answers in writing or had next of kin nearby during the interview, but
comments from next of kin were included only if the participant asked them to fill in words
and gave a nod of approval. Several of the participants glanced through private diaries or at
photographs or brochures during the interviews to trigger memories of their illness
experiences. All discussions during the interviews were tape recorded. The interviews
lasted 30-120 minutes, but contact time with the patients was substantially longer. The
researcher transcribed the tapes verbatim in the days following the recorded interviews. At
that time she could recall her experiences of the interview situation and if necessary add
small notes to the transcripts of what happened, e.g. when participants experienced
episodes of coughing or crying. This helped capture the illness impact on the participant’s
entire body. The transcriptions yielded 1083 pages (1.5 spacing).
3.6 Text analyses
Owing to the richness of the text and the ability to interpret the data on different levels,
different qualitative analyses were used for interpret the collected information. Qualitative
content analysis is an interpretation process that focuses on similarities in and differences
between different parts of text that lead into categories and/or themes (Polit & Beck, 2008).
A category contains several codes with similar content that answers the what question and
relates to the content on a descriptive level. A theme answers the how question i.e. the ‘read
thread’ throughout the condensed meanings units, codes or sub-categories A meaning unit
is a constellation of statements or words that relate to the same meaning, and codes are a
process of identifying recurring words, themes, or concepts within these meanings units.
There are different levels or dimensions of interpretations ranging from the concrete surface
level of words down to deeper level of meaning. The researcher’s pre-understanding was
treated as a part of the interpretation process as well as a tool to guide it, thus, the text
analysis was open to several possible interpretations. The first study (Bjorklund & Fridlund,
1999) was analysed with the critical incident technique (Flanagan, 1954). The second study
(Bjöklund et al., 2008; 2009) with a qualitative content analysis i.e. thematic and latent (Berg,
2004). The last study (Björklund et al., 2010) was analysed with an interpretative descriptive
analysis (Thorne et al., 1997; Thorne et al., 2004).
3.6.1 Critical incident technique
In 1954, Flanagan described the critical incident technique and this method obtains data
from participants by in-depth exploration of critical incidents and human behaviours related
to the topic under study. The technique differs from self-reported approaches as it focused
on something specific that the participants can likely give evidence on as an expert (Polit &
Beck, 2008). It includes a detailed description of the situation that led to the incident, acting
or behaviour, and the result. This study (Bjorklund & Fridlund, 1999) aimed to describe
cancer patients’ experiences of nurses’ behaviour in terms of critical incidents after nurses
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had given them health promoting care. A critical incident was defined as an event of great
importance to the patient, which had either positive or negative impact on the patients’
experience of feeling better health and well-being. All the incidents were classified into
groups and reformulated into different types of actions i.e. sub-categories. These subcategories were allocated into the nurses’ behaviour i.e. categories. Then the categories were
placed into one of the main areas (ibid).
3.6.2 Qualitative content analysis
The content analysis of narrative data aims to identify prominent themes and patterns
among the themes (Polit & Beck, 2008). It involves breaking down text into smaller units,
and coding and naming these units according to the content they represent. Thereafter, the
coded material is grouped by focusing on similarities and differences. The thematic (Baxter,
1991) and latent (Berg, 2004) qualitative content offers alternatives for analysis when
researcher use wording to develop qualitative descriptions when analysing different
qualitative content of text. The questions to the patients were asked in positive sentences,
but throughout the process of identifying meaning units the analysis revealed both positive
and negative experiences and even the desire for health promoting contacts. For that reason
the text was divided into two parts and named health promoting contacts, and not health
promoting contacts. The latter holds participants’ wishes for health promoting contacts, since
these were not experienced contacts, but they might broaden the findings on the meaning of
the concept. Then the meaning units were grouped according to which period in the
participants’ illness trajectory they belonged, and were then condensed and labeled with a
code. All coded data were grouped together based on their similarities and difference, and
ultimately three themes were named (Björklund et al., 2009). Latent qualitative content
analysis seemed to be appropriate to use since it involves an interpretative reading of the
representation of what is essential in the text to reveal the deep structural meaning
conveyed by the message. The first reading revealed that health could be promoted in three
ways; by means of oneself, family and others, and various actives (Björklund et al., 2008).
The meanings unit were marked condensed and label with a code, and the codes were
sorted into sub-themes. A search was conducted for a pattern in the sub-themes, and the
themes were named. Every theme was further analysed, and one main theme could be
formulated (ibid.).
3.6.3 Interpretative descriptive analysis
Before the final study began (Björklund et al., 2010), the findings and methods used in the
other studies were discussed in attempting to form a critical review and basis for a
preliminary analytic framework (Thorne et al., 2004). The pre-analytic understanding was
that the findings had in some way captured the experiences of 35 patients as regards contact
and care involving health professionals, and the patients had reported when these contacts
had promoted health and well-being. Some patients, however, reported negative
experiences, e.g. being exposed and vulnerable in contacts with health professionals. The
findings also mirrored the patients’ process of empowerment by being enabled to act and
take control over everyday life with help from internal and external resources. Although
patients were obviously troubled by tumour location and the side effects of treatment,
which placed a heavy burden on everyday life, none of the studies revealed this profoundly.
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This pre-analytic understanding revealed a need for deeper understanding of what it meant
to live with HNC. It was decided to repeat the interviews with a small sample of patients
and follow, for one year, the unique experiences of individuals living with the illness.
Already during the interviews the narrated stories revealed the individuality of what it
meant to live with HNC, and therefore each patient’s text was analysed and coded
separately. The interview text was rich and deep in structure, and the researcher moved in
and out of the text, critically examining the initial codes by asking questions such as: What
was said here? What, where and when did it happen? What does/ could it mean for this
person? By changing between the codes and the exclusive patient’s complete text, the
progression of understanding evolved from the surface to a deeper level of interpretation.
From this investigation of uncover patterns in the text grew an interpretation of sub-themes
from each interview, and these were further analysed when locking for changes over time.
After that, one theme was interpreted for the complete transcripts of each unique patient. In
the final stage, a main theme was interpreted, i.e. an association that could mirror living
with HNC for all the patients (Björklund et al., 2010).
3.6.4 The author’s pre- understanding
I am a registered nurse with over 25 years of experience in working in an ear, nose, and
throat clinic that treats patients with different stages of HNC. Additional, for the past
decade I have been a lecturer, teaching e.g. health sciences, nursing and oncology
proficiency. The pre-understanding was a requirement for performing the interview studies,
given the practical knowledge of the care context and the communication problems that
these patients can encounter. I was also aware that individuals in this group of patients are
vulnerable when meeting strangers, due to their changed appearance or other issues, e.g.
coughing and spitting necessitated by increased phlegm. I have grown proficient in shaping
a dialogue and participating in and providing equality in the interview situation. I know the
importance of being an attentive listener, respecting the patients’ life situation, and paying
attention to their will to communicate. I recognise the need to probe and to prolong the
waiting time for answers, not necessary verbal but also responses expressed in body
language or in writing.
The pre-understanding about living with HNC and the concept of health promotion has
changed during the research work. As a consequence, the concept of health promotion is not
equivalent in the four studies. I realise that as a health professional you can perceive, but not
experience, the inner feelings and needs associated with having an illness. This awareness
can grow and be used as part of caring or the interpretative research process. Since the preunderstanding could interfere with the findings, this should be taken into consideration
especially regarding the concept of health promotion.

4. Ethical considerations
The Lund University Ethics Committee (LU, 348/1997, LU 772/2004) approved the studies
in Sweden. In the other Nordic countries, chief physicians at the regional ear, nose, and
throat hospitals where the patients had been treated were informed about the studies and
agreed to its implementation. All studies compiled with ethical principles, i.e. the principles
of respect for autonothe, non-maleficence, and beneficence (Northern Nurses Federation
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[NNF], 2003, World Medical Association [WMA], 2004). The data collected were coded and
kept in strictest confidence, and the participants were guaranteed confidentiality in the
presentation of study findings. The first study revealed no unique details, e.g. diagnosis
together with country, age and gender (Bjorklund & Fridlund, 1999). Participants in the next
two studies were treated in a specific area in the southern Sweden, and it was important to
act with strict confidentiality (Björklund et al., 2008; 2009; 2010). The researcher was careful
not to reveal the specific diagnosis, age, gender and exact day when the interviews were
performed, or other such details. Participants who originated from other countries, but were
living in Sweden, were not referenced in terms of mother country or language.
Confidentiality was also explained to next of kin if they were present during the interviews.
4.1 The principles of respect for autonomy
In all the studies, patients were presented with a written form asking if they would be
willing to participate and be interviewed. In the first study, the written form was written in
their native language, but the open interview questions were posed in Swedish, English and
occasionally in the participants’ native Nordic language (Bjorklund & Fridlund., 1999). The
researcher provided verbal information about the study and obtained the patients’ written,
informed consent before they enrolled. The participants also gave oral informed consent
before the repeat interviews in the final longitudinal study. All the patients’ were informed
that their participation was voluntary and that they could withdraw at any time during the
research process without explaining the reason, and with no consequences to usual care.
The patients’ physical and psychological conditions received special attention, and added
value was shown to severely ill individuals. Since many of the participants had difficulty
speaking, an attachment to the written form encouraged them to use the interviewer’s
telephone number, address or e-mail if they wanted to raise some questions or leave the
study, but no participant made such request. On occasion participants asked to postpone the
interview, and death precluded some interviews (Björklund et al., 2010).
4.2 The principles of beneficence and the principle of non-maleficence
When conducting qualitative research with patents who are in vulnerable life situation the
principles to do no harm and to do good are highly important and were applied in this
research, e.g. when taking the individual’s very specific speech impairment into
consideration. Hence, the same interviewer with extensive working experience as a nurse in
this care context conducted all the interviews. Potentially, problems concerning physical
ability, language or culture could have arisen, but none did. The interviewer made a
concerted effort to respect and intuitively perceive the needs of the individual participants.

5. Findings
The deep understanding of living with HNC, and the experiences of what the patients felt
promoted health and well-being, was interpreted as having strong beliefs in a future in face of
living on a rollercoaster. This interpretation was built on the patients’ experiences of the
unique impact of HNC, its threat against their identity, and an existence with swiftly
changeable feelings oscillating between hopelessness and hopefulness. Inherent in these
feelings were the patients’ struggle and orientation towards the health, power, and control
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that offered them belief in the future. Yet the findings also revealed the opposite – that some
patients showed less energy and a sense of facing insurmountable barriers against achieving
feelings of health. Hence, they felt less command over life and less belief in the future.
All participants’ experiences were of course based on specific everyday situations. Hench,
their capacities, difficulties, needs, and access to support differed substantially. Many of the
patients felt vulnerable, exposed, and even disempowered in their contact with health
professionals. Especially before and after treatment they experienced feelings of being alone,
abandoned, and insecure. Nevertheless, inherent in the interpretations was their search for
ways to promote health and well-being, although they experienced this as a means to find
ways of thinking about a future life. The success of this work was interpreted as depend on
their connection with enabling, which could involve internal motivation to act i.e. internal
strength, and external resources, i.e. when others stimulate him/her to engage in processes
to look forward.
The researcher’s pre-understanding of the health promotion concept is not equivalent in the
studies. The first study revealed her traditional biomedical and pathogenic standpoint;
dependent, of course, on the aim of the study (Bjorklund & Fridlund, 1999). The nurses
engaged in monitoring, caring, inspecting, observing, informing, and educating patients
about risk factors in the context of health promotion activities, helping patients cope with
the environment to reach well-being. In the subsequent studies, the affected individuals’
perspective on living every day with HNC dominated. These findings are rooted in the
affected individuals’ activities and experiences of what they thought promoted their own
health and well-being (Björklund et al., 2008; 2009; 2010).
The most important findings will be presented under the following headings: living with
head and neck cancer; experiences of what promotes health and feelings of well-being; and
experiences of what hinders health and feelings of well-being.
5.1 Living with head and neck cancer
Some of the patients’ experiences of living with HNC meant an existential loneliness, and
was interpreted as a unique and complex feeling, not unlike that of living in captivity. This
imprisonment was a result of the participants’ illness-related experiences of living alone in
existential insecurity and encapsulation, reliant day and night on how the illness impacted
their vital needs for survival. Although the physical impact could reveal similarities, it
always involved unique experiences that were (1) physically, (2) emotionally, (3) socially, and
(4) existentially confining for the patient.
(1) Patients experienced physical confinement when choking sensations and extreme swelling in
the throat forced them to exhibit ungraceful behaviour, e.g. massive phlegm stagnation
resulted in constant hawking, clearing of throat, and spitting, and they felt trapped in an
alien body. These feelings were intensified and interwoven with their changed appearance
and dependence on technical and medical devices, e.g. feeding tube and/or tracheal tube.
Further, it was understood that feeling breathless made patients extremely anxious, and
they were afraid of choking during sleep, and this discomfort mirrors confinement in a
rouge body.
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(2) Experiences of emotional confinement were revealed when hovering between despair and
hope, where patients first had a sense of uncertainty, anxiety, and depression, and then
experienced a swing in the opposite direction. It was as if they were living on a virtual
rollercoaster. Their feelings of despair intensified when needing an alter ego to deal with the
complexities of speaking, and the findings revealed living in a compromised state. The
experiences of hope were most noticeable in comforting meetings with next of kin, good
friends, and sometimes with health professionals that gave them emotional support.
(3) Experiences of social confinement were revealed when eating difficulties and disfigurement
altered the patients’ interactions and encounters with others. In social encounters it was
understood that the patients were met by stares or avoidance in addition to changed
attitudes and reactions, and they felt an altered sense of affiliation. It was not uncommon
that they preferred to be alone and limited their social life to conserve energy, and the
findings revealed this self-induced isolation. Some patients felt that the social circumstances
that forced them into dependency on others also made them vulnerable, and they felt as if
they were trapped in a social net. The distribution of domestic work changed, affecting
everyday life for both the patients and their next of kin. Further, their life could be affected
by financial problems because both the patients and their next of kin experienced increases
in the cost of living, e.g. medicine, treatment, special diet, travel expenses, or inability to
work. The patients often shouldered the responsibility for protecting their total family’s
economic situation and the findings revealed that they looked ahead to prepare for their
own departure and their next of kin’s future economic security. The findings showed that
the patients’ working life changed and feelings of harassment from employers when being
on sick-leave, no consideration given to their new life situation, and feeling threatened by
legal proceedings.
(4) Experiences of existential confinement were revealed when unemployment seemed to affect
the patients with feelings of existential disequilibrium, and they presented spiritual beliefs
that their total life situation had brought forth the latent cancer in their body. Patients
developed an existential loneliness and feelings of living in the land of the sick; an
experience amplified by the patients’ perceived rejection by next of kin and changed sexual
relationship.
5.2 Experiences of what promotes health and feelings of well-being
The findings revealed the patients’ unique willpower to fight for something that could
enhance their feelings of better health. The patients’ focus could be understood as an
endeavour to improve health and to find hope, i.e. to achieve the best possible well-being to
fulfil new life goals of health. The ability to reach goals for better health was connected to
the patients’ internal and external enabling to regain control and empower oneself.
5.2.1 Ability to reach internal enabling
Factors that impacted on the patients’ internal or intra-personal ability to enable and use
inner strength could be observed in the dialogue with the inner self when the patient
practised mental training and praying. They learned to use their inner potential and
adeptness to discover and take charge of solving their own problems by their transformed
and improved self-esteem. Internal enabling was connected to thoughts and persona of how
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they looked at their existence and self, i.e. their self-confidence and self-image, and this
seemed to impact on their ability of self-determination. As a result, the findings revealed an
intention not to act as a victim of circumstance, but to somehow reconcile with the illness.
They actively took action to explore new life conditions and felt a need, and were relieved,
to meet soul mates having similar experiences. The patients seemed to recognise and
embrace existentiality and to be totally focused on being present in the here and now as a
grateful survivor. The findings revealed patients’ free spirit and spiritual confidence and
faith with no fear of dying and the conviction of re-incarnation and death as a transition.
5.2.2 Ability to reach external enabling
Factors that impacted on the patients’ external or inter-personnel enabling of ability were
revealed in support from (a) social networks (b) contact with environment, (c) and health
care. Helped by these external enablers, the patients could reach their own strength and
form and enhance their health.
(a) Being enabled by means of contact with a social network was revealed as emotional and
practical support from the patients’ next of kin and close friends. Emotional support 24 hours a
day was particularly precious – to have one important person to talk to, someone who dared
to listen and contained their fears when the patients’ thoughts were in turmoil from their
sickness and existence. The patients revealed cheerful, humorous, and amusing interactions
that gave them strength and motivation to live, and they revealed that having HNC was a
family affair. They also revealed the practical support they received, e.g. assistance with
household work, personal hygiene, and phone calls.
(b) The patients’ external enabling of ability was revealed by means of contact with and
appreciation for the environment, categorised as nature, hobbies, and activities. Nature was
understood to have a healing power, and when being outdoors in any weather conditions
the patients enjoyed nature’s colour and peacefulness. Outdoor activities seemed to increase
the patients’ physical strength and reduce their psychological stress. Although appreciation
for the environment offered external enabling of ability, the findings also revealed that
nature helped them acknowledge their own existence, and they found it easier to connect
with and find transpersonal relatedness to a supernatural power. The findings revealed that
if patients experienced something that suited their capability, something they found
pleasurable and motivating, this hobby and activity created flow and positive feelings and joy,
and they practiced it over and over again.
(c) Other factors that impacted on the patients’ external enabling of ability were revealed in
their contact with health care, categorised into health care organisation, health professionals’
knowledge and experiences, and health professionals’ attitudes. The findings revealed that
patients had a better feeling of health when the health care organisation successfully provided
long-term, continuing access with individualised, tailored care from, e.g. physicians,
dieticians, dentists, dental hygienists, and nurses. This corresponded to the findings
revealed when patients experienced confidence in health care and turned over the medically
responsibility to health professionals because of their own lack of medical knowledge.
Health professionals’ knowledge and experience was an expectation, and the patients always
assumed that health professionals were skilled, knowledgeable, effective, and updated on
medical and technical issues. The patient needed to be respected as a unique person and
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needed to be believed when telling their illness story. Contacts with health professionals
could then facilitate improved health and these contacts were named health promoting
contacts and were mainly experienced during the treatment phase when patients had daily
contact with specific, qualified health professionals. Kind and considerate treatment was
invaluable in contacts with health professionals and enhanced a patient’s sense of
autonomy. It was obvious that patients wanted to remain as independent as possible.
However, during acute life-threatening situations they had a sense of well-being despite
their dependence, i.e. when health professionals cared for, checked, examined, and observed
them. The findings revealed that health professionals’ attitudes or behaviours, e.g. silent body
language or outspoken views on mankind, were especially important for the patients’
learning and confidence in performing self-care. Further, in dealing with the patients’
speech impairments it was important for health professionals to be attentive and have a
humble attitude, then patients felt that co-operation and a practical working relationship
were achievable. The patients wanted to be seen and respected as active persons and meet
health professionals that supported their health objectives and positive potential for health
rather than focusing on the disease and related problems. The findings revealed that the
patients’ strengths, competencies, and health resources grew in the course of participating
and co-operating with health professionals through mutual or individual initiatives. Also,
the patients revealed that they were surprised to meet health professionals that showed
solicitude and were available, engaged, respectful, confirming, and did more than expected.
5.3 Experiences of hindrances to health and feelings of well-being
In the face of the patients’ vulnerability and new life circumstances, accompanied by
distressing illness experiences, the findings revealed how complicated it could be to set and
attain goals for better health. In addition, it was understood that in human encounters, and
especially in the dependant position of being a patient and seeking health care, people could
feel that they had lost their power and self-control. Consequently, the patients’ could
experience hindrances to health as a lack of ability to connect to his/her (1) internal and (2)
external enabling.
5.3.1 Lack of ability to reach internal enabling
Some patients revealed a lack of ability to reach goals for health, due to their inability to
connect to inner strength, and the findings revealed feelings of diminished strength of mind.
The changed self-image seemed to burden the patients with feelings of low self-esteem and
decreased self-confidence, and these shortcomings in self-directed support could result in a
self-depreciated sense of how other people viewed them, and they felt as if they were living
in a compromised state. The feeling of self-imposed incarceration was obstructed, giving
rise to feelings of being taken hostage by health care. The findings also revealed that the
patients’ weakened self-worth interfered with their autonomy and performance, and they
felt left out of treatment decisions, like a guinea pig.
5.3.2 Lack of ability to reach external enabling
Hindrances in reaching external enabling were connected to the same factors and revealed a
lack of support from (a) social networks, (b) contact with environment, (c) and health care.
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a) Patients’ diminished inner feeling of self could influence their social contacts and change
their relationship to next of kin, thereby increasing isolation. In addition to the adverse
physical and communicative impact of their illness, patients felt discomfort from being in
situation that forced them to depend on others day and night.
b) However, the findings also revealed feelings of insecurity caused by the gravity of illness
that forced the patients to stay home alone, having little contact with nature. Patients
revealed that they felt a necessity for restrictive living. Hence, in addition to the fatigue that
diminished or stopped their involvement in hobbies and other activities, this created
feelings of ill-health and powerlessness.
(c) The same external factors could also be experienced as hindrances in enabling patients’
contact with health care, and could also be categorised into health care organisation, health
professionals’ knowledge and experiences, and health professionals’ attitudes. The findings
revealed that health care organisation could be experienced as a barrier to patients’ feelings of
well-being, and the patients frequently revealed feelings of abandonment and lack of
confidence in health care. When problems arose, the patients were often uncertain who to
contact amongst the numerous health professionals and they felt lost and, due to their
vulnerability, dared not ask questions. Moreover, they felt exhausted by the massive,
impersonal, one-way information and other limitations in human encounters. It was
understood that at times health professionals did not comprehend patients’ feelings of
vulnerability resulting from dependency on health care, and this insensitivity increased the
patients’ suffering and contradicted their feelings of health. The findings revealed
deficiencies in accessibility and continuity of health care. This, added to a sense of being
caught in a permanent illness trajectory, compounded the patients’ vulnerability and stress
in life. Contacts with health professionals that revealed hindrances against improving health
were named not-health-promoting contacts, and were experienced predominantly before and
after treatment. Still it was understood that the most important factor to patients was to be
believed when expressing their illness story. If the patients were met by attitudes from health
professionals of not being respected, or even listen to, it led them to search for attentive health
professionals. Patients revealed being put off balance, i.e. less capacity to grasp health goals,
when encountering unengaged or incompetent health professionals with paternalistic or
superficial attitudes who seemed to lack respect for the individual behind the patient role.
When patients worried about the imperfections in their body such encounters were often
accompanied by feelings of not having their opinions valued.

6. Discussion
The findings concerned 35 individuals diagnosed with HNC, revealing their experiences of
and connection with enabling, i.e. providing somebody with the ability or means to do
something was important to their success in experiencing health and well-being and the
process of taking control over of new life situation. This process of empowerment, i.e. the
goal of health promotion (WHO, 1986), was an on-going process of contacting and using
their inner strength; their internal ability or skill to motivate action. Further, enabling was
associated with external connection to environmental factors e.g. relationship to family/
friends, health professionals, nature, hobbies, and activities that stimulated patients to
engage in processes to move forward, belief in a future, and take command over
everyday life.
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Living with HNC was like living on a virtual rollercoaster, on one hand, fighting day and
night with HNC’s life-threatening impact and the side-effects of the treatment or tumour
growth, e.g. breathlessness, and bleeding. On the other hand, making it through the ‘downs’
helped the patients believed in the future, since it gave them an enhanced feeling of
confidence in their ability to orient themselves towards health and self-empowerment. This
correspond to Antonovsky’s (1987) research when he put forward that as long as there is
breath of life in us, we are all to some degree healthy and we are always moving between
two extremes of ease and dis-ease on the health continuum. This interpretation of life in a
symbolic roller coaster is not exceptional and could be experienced by many people, with or
without a sickness. Many people struggle with life- threatening diseases combined with
treatment complications and an insecure future, e.g. people with diverse cancer forms or
other chronic diseases.
An important factor could be the researchers’ perspective (pathogenic or salutogenic) in
interpreting the findings. Although the participants in the studies had numerous physical
symptoms and experienced many ‘ups and downs’, they tried (and often succeeded) to
repress negative feelings to make life bearable. Being positive might be part of a process
where patients actively seek meaningful and therapeutic interactions with health
professionals, thereby gaining important knowledge. Positive thinking could be a way to
take responsibility for prevention of and recovery from cancer, i.e. one strategy to cope with
cancer and its treatment (McCreaddie et al., 2010). However, it could place another burden
on the already afflicted person, i.e. if you think positive enough the cancer can be cured.
For some of the patients living with HNC, the disease was understood as be on a permanent
illness trajectory that changed their life into a state of physical, emotional, social and
existential captivity. This translated into a difficult everyday life, especially highlighted by
the findings showing their aloneness, even when cohabiting or having close relationships to
next of kin and/or friends. Trillin (1981) emphasized that having cancer signifies entering
the land of the sick, where those from the land of the well could visit, but always leave. This
corresponds to other research showing that patients on a cancer trajectory often experienced
uncertainties, vulnerability, and isolation (Halldórsdóttir & Hamrin, 1997). Also, HNC
causes potentially life threatening problems, e.g. involving respiration, nose bleeding,
choking while eating and swallowing, and it also causes lifelong physically problems with,
e.g. altered appearance and communication (cf. Rumsey et al. 2004). No research was found
that addressed the findings on patients’ feelings on an altered relation to their body, which
confronting them with embarrassing behaviours, e.g. phlegm stagnation resulted in a need
to repeatedly clear the throat and spit. Problems seemed to have a huge impact on patients’
entire everyday life and correspond to other research on HNC’s bodily impact that seemed
to confront patients’ both a psychosocial and existential struggle (cf. Mok et al, 2010).
The findings stress the importance of meeting soul mates, since the patients experienced a
substantial difference in talking to and receiving information and support from someone
that had life experiences with this illness. Research has shown that active memberships in
patient organisation improved patients’ well-being and perhaps these meetings could
alleviate some of their loneliness, and help regain power and control over everyday life
(Aarstad, 2008). Still, as Mok et al. (2010) point out, there is no medication for alienation,
loneliness, despair, meaninglessness, and fear or death. Hench, findings on patients’
endeavours to find meaning in life through love, hope, confidence and belief in the future,
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i.e. to reach the best possible well-being to achieve new life goals, were important. Mok et al.
(2010) also stressed that it was essential for the patients’ emotional and spiritual well-being
to meet health professionals that showed caring attitudes and delivered expert information
with a cheerfulness and kindness.
HNC can cause discomfort and suffering since it is located in the body’s most visible area
and this could either enhance personal growth or damage or destroy self-esteem (Rumsey et
al. 2004). Lindenfield (1996) suggested that if a person believes that he/she is worthless or
ugly it could generate negative feelings and depression. Mok et al. (2004) asserted that if
health professionals focus on resources rather than health deficits this could more effectively
influence the individuals’ thoughts and attitudes in a positive way. Feber (2000) highlighted
coaching in intrapersonal skills as a means of promoting optimum health and well-being for
the individual with HNC. Dropkin (1999) showed that self-care could be beneficial and
reduce anxiety in disfigured persons, since it helps patients find their true self and adapt to
their new body image. This corresponds to research by Turpin et al. (2008) showing that
patients with HNC went through an active process to retain a positive sense of self when the
illness impact altered their relationship to their own body.
It was the individuals improved sense of self-worth when they took control over their new
life situation, and this helped them break many years of lifestyle habits, e.g. smoking and
alcohol consumption. Adopting new lifestyle habits required inner strength and will, and it
could be valuable for health professionals to draw on these findings when following public
health advice (NIPH, 2005), and start smoking cessation programmes in HNC care (Sharp,
2006), and begin to find out if patients are motivated to make lifestyle changes. The findings
also correspond to the research of Mok et al. (2004) regarding patients’ motivational process,
process of seeking mastery, and transformation of thoughts.
The patients’ often used their power of mind when meditating or praying i.e. selftranscendence are shown to be helpful in drawing on one’s own strength and health
resources (cf. Dossey et al., 2000). Some patients expressed high self-confidence in
spirituality and being present in the here and now, with no fear of dying – hence, finding
meaning in life by thinking that death was a transition to another state of being. Acceptance
of death as a process in life, and letting go, corresponds to the research of Mok et al. (2010)
claiming that inner spiritual well-being is attained from having faith and being aware of
possibilities in life and after death. The findings revealed that integration of spiritual and
personal beliefs lead to peacefulness, harmony, and spiritual growth. In addition, it is
known that patients with HNC often use complementary and alternative methods, such as
spiritual therapies, herbs and vitamins, physical therapies, and body/mind therapies
(Molassiotis et al. 2006). Frenkel et al. (2008) advocate integrating these methods into health
care and advise health professionals to engage with, support, and give appropriate advice to
patients wanting to complement their medical treatment with such alternatives.
The findings revealed that some patients found a glass of wine or beer to be beneficial and
relaxing and this correspond to Allison’s (2002) research showing that using (as opposed to
abusing) wine during recovery can lead to better physical and role functioning, less fatigue,
and fewer feelings of illness. This way of caring for and encountering patients with HNC
requires health professionals to be attentive, listen to and respect patients – and to relinquish
some of their own power to trust in, and dare to support, patients’ actions and wishes.
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Good interpersonal relationships and emotional support 24 hours a day, i.e. external
enablers such as next of kin or friends, were essential. It was vital to have someone to talk to,
and perhaps particularly when patients experienced new illness and acute, life- threatening
problems. Again, this corresponds to the research of Mok et al. (2010) on the necessity for
patients to have well-functioning relationships and connection with next of kin and friends.
However, research also shows that the relationship between two individuals could be
experienced as difficult, due to a dependency on support that one might need from the other
(cf. Carnevali & Reiner, 1990). The findings also support this, revealing strained
relationships and changed life situations for the family as an entity. It could be altered role
function at home, and some participants felt rejection from next of kin. Vickery et al. (2003)
highlight that partners could report greater distress than the sick person they care for.
Additionally, the findings revealed transformed emotional and sexual relationships,
particularly amongst the women interviewed in the studies. For example Carnevali &
Reiner (1990) confirm that relationships and intimacy seem to be more important for women
to discuss. These problems might relate to the patients’ problems with phlegm production
or mouth odour, which both parties could experience as unpleasant. It is known that this
cancer could be experienced as more traumatic than other cancers because of the visible
disfigurement involved (cf. Vickery et al., 2003). The findings revealed high psychological
stress and vulnerability in the patients, partly because of how they viewed the life situation
of their next of kin. It was essential for them to take an active role, to be responsible for their
own self-care, and seek support from next of kin or good friends when needed. The findings
also presented various confirmations on the importance of long-term support for next of kin.
Co-operative care seems to alleviate fear by providing self-care education in a home setting,
and has been shown to conserve health resources and improve and facilitate communication
amongst the family and health professionals involved in care (McLane et al., 2003). Interest
has been growing in psycho-oncology and emotional well-being for patients and their next
of kin (Hodges & Humphris, 2009). Training courses for patients and next of kin, e.g. on
learning to live with cancer, seemed to be valuable and these courses were based on a
teaching-learning process with an interactive and systematic bottom- up approach (Grahn et
al., 1999) that could help patients and their next of kin choose topics they wanted to discuss,
ultimately empowering and supporting them in achieving defined health goals. The
findings also revealed the patients’ eagerness to learn and preserve independence and
autonothe and to practice self-care. This corresponds to research by Mok et al. (2004)
suggesting that when patients owned knowledge and skills and practice self-care, they
could accept the illness and could lead to feelings of better health and well-being.
All the patients narrate that they received strength and felt good when being outdoors and
following the changes in nature, i.e. also an external enabler. Nurturing plants to survive
and blossom also gave patients a sense of hope for the future; to be alive despite their
sickness. The link between nature, health, and healing are well-known and nature can be
viewed as an unused public health resource since it has the potential to increase people’s
sense of well-being. Hence, it appears that parks and natural areas are potential ‘gold mines’
for a population’s health promotion (cf. Björklund, 2010). This means a responsibility for
health care to creating an atmosphere that is pleasing for the eyes, and combining this with
easy access or views to parks and green spaces, since it enhances everyone’s wellbeing
(patients, next of kin, and health professionals).
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Hobbies and cultural activities suited to the situation are other external enablers, and by
practising these activities over and over again the patients experienced control and power
over everyday life. This corresponds to other research showing, e.g. that art therapy could
decrease anxiety and facilitate recovery and the use of music enhance effects of analgesics,
and decrease pain, anxiety, and depression (cf. Leddy, 2003).
Working relationships with respectful and competent health professionals could encourage
a patient’s activity, participation, co-operation, and self-care. It was also understood that
positive human encounters could contribute towards counterbalancing the often unequal
position that patients sometimes felt in health care. This was named health promoting activity
(Bjorklund & Fridlund, 1999) or health promoting contact (Björklund et al., 2009). In this
context, the patients experienced health professionals to be available, engaged, respectful,
and validating and to express knowledge, competence, solicitude, and understanding.
Good interpersonal relationship between the patient and health professionals can be seen as
both ‘means and end’ in an interaction/contact (cf. Halldórsdóttir & Hamrin, 1997). These
health promoting contacts could, to a certain extent, correspond to research on supportive
clinics that could help patients with emotional and practical needs (Larsson, 2006).
Nevertheless, the findings showed that, especially before and after treatment, the patients
felt abandoned and lost amongst all the members in the multidisciplinary team that were
involved in their care. These findings suggest that the current healthcare organisation is
characterised by large-scale production that is function oriented – not a patient-processoriented organisation. It seems that a health-care organisation with supportive clinics must
be developed and be accessible 24 hours a day. Care needs to focus on the unique patient
and be designed as individually tailored, patient-centred care, throughout the lengthy
trajectory of illness (IOM, 2000).
To improve the organisation of HNC care, it should develop in teamwork with patient
organisations, health professionals, and policy makers (cf. NIPH, 2005). Patient
organisations are vital because of their potential influence as the voice for an entire group of
patients. It can raise demands on behalf of their members, who have less opportunity to
speak up in society due to the impact of the illness on their ability to communicate (Aarstad,
2008).
It is, however, known that these patients often have long-lasting and slowly progressing
health problems. In addition the findings showed lack of individual, tailored care outgoing
from a salutogenic perspective. It was also understood that some patients experienced
discouraging obstacles against better health and feelings of well-being, and these
vulnerabilities seemed to cause low self-esteem and low self-performance. This highlights a)
the need for easy access to care with a salutogenic focus to long-term psychological
rehabilitation and b) the need for good contact with health professionals who follow
patients throughout the entire course of their illness trajectory (cf. Larsson, 2006).
Rehabilitation services should also involve any next of kin engaged in a patient’s everyday
life and care.
The findings also indicated that the patients experienced many not health promoting contacts
(Björklund et al., 2009) and a lack of health promoting activities (Bjorklund & Fridlund, 1999).
Such encounters could lead to feelings of ill-health and powerlessness. Some health
professionals seemed to be insensitive to the patients’ vulnerabilities and did not listen to or
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respect patients’ opinions, reflecting a superficial and paternalistic view of mankind. These
findings correspond to the research by Halldórsdóttir & Hamrin (1997) about caring versus
uncaring. When patients perceived that nurses were incompetent in some way; nonchalant
or uninterested in the patient’s competence, this created an obstacle in the patients’ wellbeing and recovery. Professionals working in health care, especially in cancer care, must
have special skills such as being an attentive listener, i.e. open for patients’ questions and
narratives.
One challenge could involve being responsive to behaviour and psychosocial responses to
bad news, and delivering information in a series of processes along with the cancer
trajectory (cf. Thorne, 2006). Patients want health professionals to openly share bad and
uncertain information, however to do it sensitivity. A recommend approach was to follow
up uncertain or bad news with slightly better information to avoid of diminishing
opportunities for hope or future optimism (ibid.).
Patients experienced many hindrances in accessing health services, particularly the first
contact with health professionals in the front line of care was problematic, and often the
patients felt they were not believed when telling their illness history. Feber (2000) highlight
the dynamic and context-specific nature of communication, and research shows the complex
communication problems that patients with HNC can experience. It is of importance for
health professionals to check that the information supplied has been understood and to be
ready to provide further information if necessary. Patients’ experienced also being in a
disadvantaged position due to their vulnerability and dependence when seeking care.
Research confirms the inequity of power in health care, due to the patient’s dependency,
and this could be an obstacle in interpersonal relationship between patients’ and health
professionals (cf. Halldórsdóttir & Hamrin, 1997). Ineffective communication can lead to
delay in seeking care, failure to access appropriate care, and early withdrawal from
treatment (cf. Thorne, 2006). Research has shown that some resilient HNC patients exhibited
a profound reluctance to ask for help, despite extensive physical and emotional trauma
(Wells, 1998). This could correspond to the patients that choose the wellness-in-theforeground perspective, as described in the Shifting Perspectives Model of Chronic Illness,
where some patients have trouble receiving the services or the attention they need (Thorne
& Paterson, 1998; Paterson, 2001). Then patients struggle to maintain a positive attitude,
keep active and independent, and try to live everyday life as normally as possible, strategies
aim to maintain hope and to distance one’s self from certain aspects of authenticity. Health
professionals are accustomed to working with the-illness-in-foreground perspective and are
skilled in supporting patients with information and teaching them how to manage their
illness. HNC patients undergoing treatment wanted as much information as achievable,
both good and bad, especially about the treatment and its side-effects (cf. Björklund, 2010).
On the other hand, patients had express being overloaded with information that they do not
understand. Research revealed that health professionals at times provide patients with ‘hard
core’ information as part of their professional duty and not as a result of a sensitive dialogue
(cf. Thorne, 2006). The-illness-in-foreground perspective was understood to be good in HNC
context of the studies, if patients had the strength and motivation to learn. However, some
health professionals could find it puzzling when a patient talks of well-being while having a
multitude of problems. The Shifting Perspectives Models of Chronic Illness represents the
patients’ viewpoints, perceptions, hope, attitudes, and life experiences and appears to be a
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valuable tool in this care context. It enables health professionals to understand the patients’
perspective at any given time and make suitable care and support available to patients with
either perspective (Paterson, 2001).
It was understood that some patients experienced unemployment as distressing while
others, in contrast, felt threatened by their employer and felt forced to continue working. It
is well known that loss of occupational identity can be a source of significant anxiety and
depression in everyday life. Further, HNC patients frequently experienced becoming
employed because of their unique problems regarding, e.g. eating, speaking, pain, fatigue,
and appearance (cf. Feber, 2000). Thoughtfulness must be exercised when supporting
patients to continue working, and they need rehabilitation that is comprehensive and takes
into account their contextual situation and burden of everyday life (cf. Hodges & Humphris,
2009). The findings highlight the need for health professionals to deepen their
understanding of the patients’ everyday life with HNC in relation to health, illness, and
suffering. Hench, a vital factor for patients with chronic diseases is to have a wellfunctioning everyday life (cf. Carnevali & Reiner, 1990).
The patients experienced social and economic strains and Semple et al. (2008) addressed the
increased cost of living with HNC, e.g. medicine, special diets, and lengthy treatment
periods with related travel expenses, and inability to work. The findings also revealed long
lasting side effects of treatment, e.g. jaw- and tooth-related pain. Adell et al. (2008)
confirmed that some of the former HNC patients could never be rehabilitated to overcome
the inconveniences in the jaw and teeth, and in those who could, it took years to restore
dentition. The findings in the studies mirror the long-term struggle with distress, pain, and
social and economic hardship in the patients’ everyday life, and reflect a demand for public
health and psychosocial interest for this group of patients. There is a need for society and
health services to support cancer patients and their next of kin with psychosocial care
and rehabilitation of good and equal quality at all stages of disease and survivorship
(Björklund, 2010).
6.1 Methodological considerations
A qualitative design was chosen and was judged to be the most accurate means to describe
and explore the patients’ subjective truth and reality of their own life experiences. The four
studies were based partly on different concepts related to health promotion. This could be
viewed as a threat to the internal conceptual validity of the research as a whole. On the other
hand, however, this conceptual variety reveals the versatility of health promotion strategies
and points of departure. It reveals how the own way of thinking about health promotion
developed during the research. The transformed view of the concept could be attributed in
part to the many years that elapsed between conducting the first study and conducting the
later studies. Another possible factor could be that society changed during this period, as
did the concept of health promotion. Nevertheless, the approach towards the central concept
of health promotion remained consistent with several of the basic principles, e.g.
participation, partnership, equity, and inter-sector cooperation, but not always with others,
e.g. holism and empowerment.
During the first study the view towards the patients were quite objectified, i.e. a person
‘within’ a specific form and stage of HNC (e.g. patient with stage 4 oropharynx cancer). This
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was accompanied by the ‘mental image’ as a nurse of these patients’ common problems and
needs. The standpoint on the concept of health promotion came from this traditional
biomedical and pathogenic view, i.e. nurses should inform and educate patients about risk
factors for acquiring diseases and should advise patients to change lifestyle (Bjorklund &
Fridlund, 1999). However, the understanding about everyday life with HNC and persons’
inherent capacity grew and in the later studies, the view on the concept health promotion
changed. As a result, the concept shifted towards a more subjective-oriented understanding
of the need to focus on the affected individuals’ own experience of what promoted health
and well-being. This represent a shift from the traditional ‘top-down’ approach to ‘bottomup’ approach integrating the individual’s own capacity to take control and become
empowered. When health professionals view the patient as a person- an expert on his/her
situation and co-producer of his/her health- it strengthens the patient’s confidence in
drawing on their own resources to improve their personal health and well-being.
In focus for the studies are 35 patients with HNC. Data were collected via individual, audiotaped, semi-structured, qualitative interviews. This semi-structured interview approach
seemed appropriate since the aims were to identify areas that each participant would cover
e.g. what promotes health in everyday life or what promotes health in contact with health
professionals. The questions were open-ended so the participants could speak restrictions
about these topics and could also initiate new topics. Different methods and analyses, all
sensitive to human experiences, were used to interpret the data. Despite some differences
between the four analysis methods used, they have followed basically the same approach
throughout the studies. First, the researcher(s) read the full text of each interview to
determine the most important aspects of the phenomenon under investigation. Second, the
researcher (s) developed a more structured thematic analysis of every interview searching
for meaning units/codes in sub theme. Finally, the researcher(s) examined the sub themes in
the context of more superior theme, all at different levels of interpretations.
To ensure the quality of the findings, methodological considerations have been considered
in terms of the five criteria for trustworthiness: credibility, dependability, transferability,
confirmability, and authenticity (Polit & Beck, 2008). The central aspect is to confirm that the
findings truthfully mirror the experiences and viewpoints of the participants, rather than
perceptions of the researchers. The aspects undertaken to guarantee creditability also serve
to guarantee dependability.
Credibility refers to confidence in the data and their interpretation. The strength lies in the
process of purposively selecting the patients – in consultation with medical and nursing
staff involved in their care – and following the criteria, i.e. patients’ with diverse HNC
diagnoses, stages, and treatment. Although variation in socio-demographics was not the
most important criterion, it was important to find patients with the willingness and interest
to communicate and verbalise their lived experiences. The first study (Bjorklund & Fridlund,
1999) makes reference to strategically chosen patients, but it also conveys a purposive
selection since the interviewer worked in one hospital and therefore could ask some patients
if they would participate. A limitation could be the unbalanced sample in this article (i.e. 17
individuals from Sweden and one from each of the other four Nordic countries). Although
the purpose was not to generalised or compare the findings between the countries, more
participants from the same country might have given more contextual data. In view of the
research design, the data are not sufficient to make generalisations of the findings.
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The patients’ gender and age differences are in line with data showing that HNC is two to
three times more frequent in men and most common in the group >50 years of age (cf.
Feber, 2000). A weakness could be that although 54 persons were invited, 19 did not agree to
participate. The non-participants were mainly men and younger people. Hench, a weakness
could be that the findings may not reveal the experiences of younger people and people that
did not match the selection criteria, e.g. confused or cognitive disable patients that could not
communicate their experiences. Those who did participate were eager to contribute
information about their experiences, and they provided rich descriptions. It should be noted
that three of the participants heard of the studies and asked to participate and contacted a
nurse at the ward on their own initiative. These participants had severe speech difficulties
because of surgery and tumour growth, yet they gave concise information and lengthy
interviews.
Communication between the interviewer and the interviewee during the interview situation
may have influenced the quality of the data; since it is the researchers themselves that serve
as data gathering and analytic instruments in qualitative studies. However, the participants
could talk freely about the topic, and the interviewer thoughtfully went back and forth
between the questions in the guide. Every interview were rich in content, quality, and
meaning i.e. they were experienced as open, profound, and emotionally charged, and no
problems were observed regarding the request to audio tape the interviews. The patients’
showed an eagerness to contribute to the research, and together with the relaxed
atmosphere during the interviews this fulfilled the criterion of a trusting and confidential
relationship (Polit & Beck, 2008). The interviewer was familiar with the care context, and her
interviewing skills progressively expanded as she conducted more interviews. This was
evident from the interview transcripts. In the first study, she spoke and asked questions
frequently, but in the latter studies the patient’s voice dominated, and the patient was often
first to break the silence. Since patients’ speech problems could potentially jeopardise
understanding, at times the questions were reformulated to achieve a shared understanding
of the core response to these questions and avoid misinterpretation or the possibility that
patients’ answered in a way they thought might please the interviewer. The patients always
chose the interview site, and most interviews were performed in the home. In-hospital
interviews with inpatients were often shorter. On the whole, interviews conducted in
hospital were shorter, but more convenient for outpatients who wanted to combine the
interview with their hospital appointment.
Nine of the patients did not have Swedish as their native language. These patients received
a written inquiry in their own language (Nordic language), and their interviews could
include English words, notes of non-verbal interaction, body language, and help from next
of kin. The small contributions from next of kin seemed to benefit; they not only elucidated
and endorsed information, they also confronted the patient to talk, often about things not
mentioned previously.
Although the interview questions were asked in positive sentences, e.g. what they felt
promoted their health, the patients’ answers occasionally revealed negative experience. It
seemed, if we wanted to understand or know that something was good then we needed to
confront it with the opposite, and thereby reach a deeper understanding of the subject under
study (cf. Halldórsdóttir & Hamrin, 1997). Other researchers have used this approach when
obtaining both positive and negative findings and looking at the findings (Bjorklund &
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Fridlund, 1999) and the category the nurse showed personal consideration and the subcategory
the nurse showed empathy. The positive form conveyed that the patients experienced the nurse
as attentive, and she respected him: the nurse was so calm and collected and sympathetic. The
negative form conveyed that the patients experienced that the nurses lower his self-esteem
by trespassing his integrity; the nurse was too good-nature, she felt sorry for me, I didn’t like it. In
Björklund at al., 2009 p. 266 the positive form in the theme receiving individualised, tailored
care, conveys experiences of being confirmed and feeling secure; she called the dentist to
prescribe medication for thrush … I felt that I was well taken care of. The negative form conveys
the patient’s experiences of being abandoned because no health professional wanted to take
responsibility of their care; they just remit patients from one place to another.
The purposeful sampling with participants that had eagerness and interest to verbalise their
lived experiences yielded rich interviews, and the participants acted safe and comfortable in
revealing their often negative experiences. When researchers have a sense of what they need
to know the use of purposive sampling could strengthen a comprehensive understanding of
a phenomenon. By searching for disconfirming evidence and competing explanations the
researcher could challenge a categorisation or explanation (Polit & Beck, 2008).
The value of repeating the interviews after a time was immense since the interviewer’s
understanding of the patients’ everyday life grew with this extended relationship. Further, a
longitudinal approach gives you an idea about the participants’ experiences over time and
what it could mean for them in process of healing, learning and continued empowerment. It
allows the researcher to revisit issues and discuss new areas that have emerged from the
data, and also allows the participants to discuss areas they may have forgotten or decided to
withhold during previous interview (Polit & Beck, 2008).
Dependability concerns the stability of data over time and conditions, and was assured by
using semi-structured guides and the same interviewer to conduct and transcribe all
interviews verbatim. The verbatim transcripts allowed the researcher to remain close to the
content of the interviews, and thereby ensure trustworthy and dependable interpretation.
Different qualitative analyses were chosen because of the richness and profoundness of the
text, making it possible to interpret the data on different levels. Interpretation was an ongoing process that began already when the patients described their everyday life during the
interview, and during the process they began to see and narrate new connections, free of
interpretation by the researcher. In a way, the interviewer condensed and interpreted what
the patient said and then transmitted the meaning back, especially during probing. This also
took place during transcription when a new cognitive interpretation emerged.
Confirmability refers to objectivity and was assured when analyses and interpretations were
checked and discussed on a repeated basis with supervisors and in seminar groups with
researchers. Confirmability implies that procedures were followed to ensure that the
findings are rooted in the data and are not resting on insufficient analysis or preconceived
assumptions. A potential limitation in the first study is the considerable overlap between the
categories, and the analysis could be done more rigorous (Bjorklund & Fridlund, 1999).
All over the studies transparency and credibility enable readers to be ‘co-examiners’ in
gaining insight from analysing the patients’ quotations and arriving at different
interpretations. In the studies, the patients’ quotations have been translated into English,
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but presented as their own choice of wording. A few minor revisions in grammar and
vocabulary improved readability.
Transferability refers to the extent to which qualitative findings can be transferred or applied
to other settings or groups. It could be successful if patients, and health professionals
working in this care context, recognise the descriptions and interpretations as credible.
Reasonably, transferability could be considered successful if people with cancer or
neurological diseases, and who have similar severe communication and swallowing
difficulties, could recognise the descriptions and interpretations as their own. However, the
core question in transferability is whether it is logic to carrying out the innovation in a new
practice setting. If some aspects of the settings contrast with the innovation, e.g. regarding
philosophy, clients, personnel, or administrative structure, then it might not be sensible to
try to apply the innovation (Polit & Beck, 2008). An important factor in promoting
transferability is the quantity of information the researcher present about the context on
their studies. Kvale (1996) stated that a post-modern shift towards the search for general
knowledge, and the individually unique, is being replaced by the importance on the
heterogeneity and contextuality of knowledge. ‘Thick description’ refers to a rich and
thorough description of the research settings, performance, and approach (Polit & Beck,
2008). Perhaps the contextual descriptions are thick enough for the purpose of the studies,
and consequently could contribute to the reader’s capability to assess whether findings
would be applicable to other groups or contexts. Transferability is analogous to
generalisability. Naturalistic generalisation rest on personal experiences and derives from
tacit knowledge of how things are and leads to expectations rather than formal predictions
(Kvale, 1996). The findings show the participants’ experiences and many quotations and
interpretations of the findings are generally applicable to everyone, regardless of having
HNC, e.g. the importance of emotional support from family and friends, and the importance
of nature and culture in health. Analytic generalisation involves a reasoned judgement
about the extent to which the findings from a study can be used as a guide to what might
occur in another situation, and is based on similarities and differences of the two situations.
However, how much should the researcher formalise and argue generalisations, or could
this be left to the reader? Kvale (1996) put forward Freud’s therapeutic case stories as
examples for reader generalisation, since his descriptions and analyses are so colourful and
persuasive that readers today still generalise many of the findings to modern cases.
Authenticity refers to the extent to which qualitative researchers honestly and truly show a
variety of diverse realities in analysing and interpreting their data (Polit & Beck, 2008). This
was assured since many of the findings and interpretations convey diverse shades of feeling
in reference to patients’ experiences and what it means to live with HNC. In many ways, the
text invites readers into a vicarious experience of the lives being described, and enables
readers to expand their sensitivity to the issues being depicted. Thereby, perhaps the reader
can reach a deeper understanding of the patient’s life, e.g. when reading quotations that
contain non-verbal sounds (such as clearing the throat, spitting, hoarseness, or deep sighs)
that could also mirror their own ill-health mood or feelings.
How people remember things could present a potential weakness of the studies, and
patients in the first study, the time span from diagnosis to interview varied from 4 months
to 14 years. It is known that the memory can change, but people always remember the
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critical incidences that occur and being stricken with cancer is an extremely traumatic
experience accompanied by feelings that your whole existence is threatened (cf. Carnevali &
Reiner, 1990). Flanagan (1954) asserted that the authenticity of data collected via the critical
incident technique is very high since the participants narrate real, critical events from life.
Research shows that it is easier to remember negative incidents since often they are
experienced as more intense and distinct than positive incidents.

7. Conclusions
The aims of the studies have been to reach a deeper understanding of living with HNC and
to identify the experiences that patients felt promoted their health and well-being. It further
conveys the patients’ experiences of care and contact with health professionals, and
examines whether these encounters could increase patients’ feelings of better health and
well-being.
-

-

-

-

-

-

The deeper understanding of 35 patients’ everyday life with HNC was expressed as
living on a virtual rollercoaster, with many ‘ups and downs’, i.e. interpreted as living in
captivity, day and night, because of the symptoms. However, when searching and
finding inner strength, patients could experience better health and well-being, and this
could generate strong beliefs in the future.
The patients’ inner strength potentially enhanced their will to live, to handle their
situation, and to be open towards continuing with a changed life.
Emotional support and good interpersonal relationships with next of kin was
important, 24 hours a day, i.e. someone who could ameliorate the ‘downs’ and
supporting the ‘ups’. Other findings reflected the concern that patients have for the
strained life situation of their loved ones, and the changes in emotional and sexual
relationships experienced by the women interviewed.
The patients’ gained a sense of strength not only from nature, but also from hobbies and
activities that enhanced their control and power over everyday life.
Some patients experienced vulnerability and psychological stress, e.g. due to changed
appearance, transformed eating and speaking ability, and the inconvenience of being in
a dependent position.
Some patients’ felt that barriers hindered their access to health care. In particular, they
found it difficult to make initial contact with health professionals working on the front
line. An important finding in this context is that many patients felt they were not being
respected or believed when telling their illness history.
The patients’ had feelings of exposure and vulnerability in encounters with health
professionals. Health professionals’ views of mankind, roles, and behaviours (e.g. body
language) could either strengthen or weaken the patients’ health and well-being. The
findings correspond to those from other cancer research.
The patients’ had different strength to handle their altered life situations. However, the
findings highlight that nearly every patient felt, at times, lost and abandoned in health
care during their long-term illness trajectory, especially before and after the treatment
phase.
Participation in patient organisations and courses (e.g. learning to live with cancer) was
found to be valuable in lessening the patients’ isolation.
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Learning and practising self-care seemed to lessen patients’ dependency and increase
their autonomy and self-worth.

8. Implications for health promotion
The findings seem to confirm that health promotion is not something that is done for or to
people; it is done with people, either as individuals or in groups. This correspond with the
basic principles in health promotion that is participation, partnership, empowerment,
equity, holism, inter-sector cooperation, sustainability, and the use of multi-strategy
approaches are (cf. Nutbeam, 1998). These principles are regularly updated, since health is
shaped by individual factors and the physical, social, economic, and political contexts in
which people live. For example, needs assessment, evidence-based health promotion, and
self-efficacy are new terms added to the mix. Beliefs in the latter, i.e. self-efficacy,
determine how people feel, think, motivate themselves, and behave. In other words, it is
the effort people expend and how long they persist in the face of disadvantage and
adversity.
In health care, patients need easy access, coordination, continuity, support from trained
professionals and psychosocial rehabilitation in a patient-centred organisation. Supportive
clinics could give patients, and their next of kin, long-term emotional, psychological, and
practical support throughout the life-threatening and lengthy illness trajectory of HNC.
Positive human encounters could help counterbalance the patients’ unequal position in
health care and strengthen patients’ activity, participation, and co-operation, e.g. in smoking
or alcohol cessation.
Maybe health care and health professionals need to place greater focus on salutogenic
approaches, and receive further education in the bottom-up approach that starts from the
patient’s individual strengths and health resources. Such an approach would put patients in
a better position to choose what they want to discuss and share, and ultimately could help
empower them to achieve their defined health goals. The Shifting Perspectives Model of
Chronic Illness could be useful and evaluate in this context since the model seems to be
suitable of its elements of both the wellness and illness perspectives.
The findings could indicate that there is a need of greater support for the more vulnerable
patients who live alone without nearby next of kin or friends and who experience severe
emotional and existential confinement. Patient organisations that give a voice to this group
of patients in society also need to be supported.
There appears to be a need to improve communication strategies and devices to facilitate
patients’ contact with the care system. Such strategies would include continuing education
in communication for health professionals working with HNC care. Co-operation needs to
improve between patient organisations, health professionals, and politicians in efforts to
enhance economic, social, and health security. It includes support to help patients continue
working and to meet needs for long-term rehabilitation.
Health care services need to take a greater interest in making cultural activities, arts, music,
libraries, cafés, etc. accessible to patients. Greater interest and action is needed to create
healthy care environments for everyone who visits a care facility or is hospitalised. This
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includes easy access and comprehensive planning that takes into account secluded, quiet,
relaxing rooms and views of parks and green spaces for patients and their next of kin.

9. Further research
Health and health promotion is an integral part of nursing, and maybe the findings in the
studies could be valuable in nursing and oncology practice; in rehabilitation and in
palliative care. Conceivably these findings could be a starting point for further research in
this important and demanding field. More qualitative studies could be done in this area to
heightening awareness and create a dialogue about the concept of health promotion in
HNC. For example, more research needs to address the salutogenic factors that promote
feelings of better health and well-being and generate strength and power for patients in a
vulnerable and dependent position. More research is needed to explore whether spiritual
growth promotes feelings of better health and well-being in people with HNC.
More research should focus on the next of kin’s perspectives on what promotes health and
well-being and what gives them strength in their 24-hour emotional support. Further
gender research needs to investigate emotional and sexual relationships between couples,
especially from the woman’s perspective. Other research from the perspective of health
professionals should investigate what promotes their health and well-being and what
gives them strength and power in their daily work as they encounter HNC patients and
the next of kin.
Further research into new technologies and specific communicative devices in this care
context could facilitate patients’ contacts with others. Also, the working situation of patients
and the impact of long-term, post-treatment side effects, e.g. eating and communication
problems need further scientific investigation.
More quantitative studies could be done when testing hypothesis for example: Is there an
association between patients with HNC that have experiences better health and well-being
and being treated by nurses trained in bottom up approaches. However, an important issue
is how we as researcher might influence health professionals to implement research results
in practical settings qualitative or quantitative. For example by applying in clinical practice
the knowledge gained from evidence-based research into clinical health practice such as the
of Sense of Coherence studies (cf. Langius et al, 1995; Antonovsky, 1996) and Quality of life
studies (Aarstad, 2008) and the use of a holistic needs assessment e.g. the Patients Concerns
Inventory [PCI] (Rogers et al. 2009).
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