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Chapter 1

Oral Cancer
Xue Xiao and Zhou Wang

Abstract

Oral cancer is a frequent head and neck cancer in developing countries and some 
developed world. According to the World Health Organization classification 2017, 
oral cancer influences the anatomical subsites including buccal mucosa, the anterior 
two-third of the tongue, lip, palate, vestibule, alveolus, floor of the mouth, and 
gingivae. A variety of premalignant lesions are related with the development of oral 
cancer, such as leukoplakia, erythroplakia, et al. The predominant histological type 
of oral cancer is squamous cell carcinoma (SCC). Tobacco and alcohol consumption 
are regarded as critical etiological factors. Due to the unspecific symptoms in early 
stage, the majority are diagnosed in advanced stages. Despite the development of 
medicine over decades, the mortality rate of oral cancer remains high, indicating 
the importance of optimized treatment and screening strategies.

Keywords: oral cancer, etiology, diagnosis, treatment, prognosis

1. Introduction

Oral cancer is a malignant head and neck disease, and it accounts for 2–5% of 
cancer types and around 30% of head and neck cancers [1, 2]. According to the 
World Health Organization classification 2017, oral cancer is defined to tumors in 
the buccal mucosa, the anterior two-third of the tongue, the lip, palate, vestibule, 
alveolus, floor of the mouth, and gingivae [3]. Cancers of salivary glands or oro-
pharynx will not be discussed in this chapter.

Oral cancer is distributed high in countries such as India, Pakistan, Taiwan 
China, and Germany [4]. It is more frequent in men than women [5]. It has a 
complicated etiology and it is related to many risk factors like tobacco, alcohol, betel 
nut, human papillomavirus (HPV) infection, et al. Around 90% of oral cancers are 
squamous cell carcinoma. In early stage of oral cancer, signs are unspecific and not 
easy to be recognized. As a result, most of the patients are diagnosed at a late stage, 
dropping down the survival rate from 80–90% to 20–50% [6]. Thus, the prognosis 
of oral cancer is poor and it is urgent to raise the awareness of public health educa-
tion. The major management of oral cancer is surgery, supplemented with/without 
adjuvant radiochemotherapy. However, for better survival, personalized and 
multidisciplinary treatment strategies are needed.

2. Incidence of oral cancer

Despite the development of modern treatment methods, no significant 
achievement was reported in the prognosis, survival and mortality of oral cancer. 
According to the GLOBOCAN 2018 project, there is 354,864 new cases and 177,382 
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deaths due to oral cancer worldwide [7]. Geographically speaking, oral cancer is 
highly prevalent in South and Southeast Asia (India, Pakistan, etc.), West, Middle 
and Eastern of Europe (France, Germany, Hungary, etc.), and Oceania [4, 8, 9]. 
It is important to notice that the incidence of oral cancer is high in transition-
ing countries, particularly in India [10]. The incidence rate for the male is higher 
than female, approximately 10:1 to 2:1 [5, 7]. It is noted that oral cancer patients 
are usually aged from 50 to 70 years. However, increasing numbers of oral cancer 
patients have been observed at younger age, possibly due to a distinct etiology and 
pathogenesis [11].

3. Pathology of oral cancer

More than 90% of oral cancers are squamous cell carcinoma (SCC) arising from 
the mucosal epithelium, namely oral squamous cell carcinoma (OSCC). A majority 
of them are moderate to well-differentiated. According to the WHO 2017 classifica-
tion, eight kinds of subtypes are identified, including basaloid squamous cell carci-
noma, spindle cell squamous cell carcinoma, adenosquamous carcinoma, carcinoma 
cuniculatum, verrucous squamous cell carcinoma, lymphoepithelial carcinoma, 
papillary squamous cell carcinoma, and acantholytic squamous cell carcinoma [12]. 
Each different subtype indicates different outcome.

Furthermore, a variety of oral potentially malignant disorders (OPMDs) have 
been reported to increase the potential of developing into oral cancer. Generally 
speaking, the common OPMDs, including erythroplakia, leukoplakia, oral submu-
cous fibrosis, oral lichen planus, et al., increase the risk of malignant transforma-
tion, and they also serve as premalignant indicators in clinical works [12, 13].

4. Etiology of oral cancer

Numerous studies have demonstrated a multifactoral etiology in the develop-
ment and carcinogenesis of oral cancer, involving tobacco, alcohol, betel quid, 
high-risk human papillomavirus (HPV) 16/18, poor nutrition, poor oral hygiene, 
immune system suppression, bacterial infection, and so on.

4.1 Tobacco

Tobacco is a well-established risk factor for lots of cancers as well as oral cancer. 
There are more than 80% of oral cancer patients with a habit of tobacco use. All 
types of tobacco products, for example cigarettes, pipe tobacco, chewing tobacco, 
contain many carcinogenic molecules, especially nitrosamines, benzopyrenes 
and polycyclic hydrocarbons, raising the risk of generating cancers. For tobacco 
smoking, it has a combined odds ratio of 4.65 (95% CI, 3.19–6.77) related with oral 
cancer [14]. For smokeless tobacco such as paan chewing and gutkha swallowing, it 
would lead to oral submucous fibrosis (OSMF) and ultimately increase the potential 
to transform into oral cancer. According to a nested case–control study in India, 
tobacco chewing was found the most potent high-risk factor linked to oral cancer, 
with adjusted odds ratios (ORs) of 3.1 for males and 11.0 for females [15].

4.2 Alcohol

Alcohol is also a well-defined significant risk factor for oral cancer [16–18]. 
An updated analysis based on cohort and case–control studies from 1988 to 2009 
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shows that, a consumption of 60 g per day or more than 4 drinks per day would 
raise the risk of oral cancer by 3–9 times when adjusted for smoking and other 
potential confounding variables [19]. The risk between alcohol and oral cancer is 
not only dose–response, but also related with the type of alcoholic beverage, mean-
ing those consuming hard liquor or beer have a higher risk than those consuming 
wine. Besides, a greater significance is observed in both heavy smoker and heavy 
drinker [18].

4.3 HPV infection

Human papillomavirus (HPV) is a kind of small DNA virus that causes cervix 
cancer in females and anal cancer in males [20]. As a sexually transmitted pathogen, 
HPV also infects the human oral cavity in forms of oral sex behaviors and open-
mouthed kissing. HPV, especially high-risk subtypes 16 and 18, is reported to have 
its role in the carcinogenesis of around one-third of oral cancer [21, 22]. Further, 
oncoprotein p16 is found over-expressed in oral cancer patients with high-risk HPV 
infection. Meanwhile, the relationship between HPV and oral cancer is not so strong 
when compared with oropharynx cancer, as studies showed that HPV-16 is found 
in 10–25% and HPV-18 in 14% of oral cancers [23]. Interestingly, HPV-positive oral 
cancers generate a more favorable outcome, possibly due to an enhanced anti-virus 
immune reaction. However, the role of HPV in oral cancer is far from clear [24].

4.4 Others

Besides, carcinogenesis of oral cancer is influenced by other factors namely 
betel quid chewing [25], poor diet and nutrition such as lack of fresh fruits and 
vegetables [26], poor oral hygiene [27], oral microbiome alteration [28], and genetic 
susceptibility [29].

5. Clinical presentations, diagnosis and staging of oral cancer

5.1 Clinical presentations

The most common symptoms of oral cancer patients may include ulceration 
(57.7%), induration (44.3%), and rupture (14.1%) [30]. However, due to the asymp-
tomatic and unspecific signs, more than half of the patients went to a doctor in 
advanced stages when the discomforts worsen or appearance of new symptoms. In 
this situation, patients may present with an enlarged lesion, no improvement after 
the first treatment, onset of pain, inflexible movement of the tongue, discomfort in 
the mouth, difficulty in speaking and swallowing, bleeding, neck mass, et al.

5.2 Diagnosis

The physical examination of oral cancer is usually performed by inspection and 
palpation. The examination lasts around several minutes and does not require spe-
cial equipment or technique. Dentists are the ideal position to perform examination 
and alarm suspected changes. Clinical investigation include assessment of primary 
tumor and the surrounded structures, such as deep muscle invasion, fixation to 
bone, and cranial neuropathies. Once a suspicious lesion is discovered, it is impor-
tant for clinicians to perform biopsy, which is the gold standard for diagnosis.

An appropriate imaging detection is a complement of physical examination. It 
provides proper evaluation for patients. Initial examinations of the primary site are 
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usually done with computed tomography (CT) scan and/or magnetic resonance 
imaging (MRI). CT scan is good at evaluating the larynx, neck nodes and invasion 
of bone or cartilage. In comparison, MRI is preferred in patients concerning tumor 
involvement of soft tissue, perivascular, perineural, skull base, and intracranial. In 
addition, dental films or panoramic X-rays can be used in the assessment of cortical 
bone involvement and ultrasound (US) can be used to evaluate the metastasis of 
lymph nodes. As distant metastasis evaluation, FDG-PET/CT works more excellent 
[31]. However, in case of a concerned specific anatomic site, further contrast-
enhanced CT and/or MRI should be performed. All the imaging measures men-
tioned above could help to describe the margins and invasion of the primary tumor, 
lymph node involvement, local and distant metastasis, thereby providing evidence 
for clinical TNM (cTNM) staging identification.

5.3 Staging

Nowadays, more and more studies realize that the malignant behavior of oral cancer 
is not only determined by tumor size but also invasive depth. Based on this, pathologic 
examination is further performed to identify pT (an actual measurement of unfixed 
fresh surgical tumor specimens) and/or pN. As an improvement of the previous oral 
cancer TNM staging algorithm, the eighth edition of American Joint Committee on 
Cancer (AJCC) Staging Manual highlights depth of invasion (DOI) for T stages and 
extranodal extension (ENE) for N stages. These alterations improve the discrimination 
ability of disease-free survival (DFS) between overall stages as well as T categories [32]. 
A comparison between the seventh and eighth edition is shown below in Table 1.

6. Treatment of oral cancer

Treatment of oral cancer patients, especially with invasive condition, is best 
determined by a multidisciplinary team of medical experts, which may include 
head and neck surgeons, pathologists, radiation oncologists, chemotherapy 
oncologists, neuroradiologists, reconstructive surgeons, dentists, nurse special-
ists and nutritionists. Managements include surgical resection, radiotherapy and 
chemotherapy, depending on anatomic site and size of the primary tumor, lymph 
node metastasis and distant metastasis, the patient’s risk as well as benefit from the 
treatment, namely a personalized treatment.

6.1 Surgery

Surgery is the main option for oral cancer patients. There are series of choices: con-
ventional/laser/thermal/robotic surgery, et al. Small tumors located in the anterior part 
of the oral cavity could be accessed via transoral approach. While for those advanced 
and/or located in the posterior part of oral cavity, routes of lip-splitting and/or man-
dibulotomy are suggested. As the first-line treatment strategy, the primary principle of 
surgery is adequate clearance of tumor and functional preservation (speech, swallow-
ing, deglutition). A positive surgical margin increases the risk of recurrence and gener-
ates poor survival outcomes [34]. Thus, complete ablation is demanded, usually a 1-cm 
macroscopic resection margins around the tumor tissue are suggested for conventional 
surgery [35–37]. As an adjuvant technique, iodine vital staining supports evidence 
distinguishing dysplastic or tumorigenic tissues from benign mucosa [38].

However, difficulties of reconstruction come with enough resection margins. 
The most acceptable reconstruction scheme should take many factors into con-
sideration, including the anatomic site and invasive condition of the primary 
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tumor, the general healthy and social economic condition of the patient, and the 
surgeon team’s skills. There are many soft tissue reconstructive techniques such as 
local flaps, regional pedicled flaps and microvascular free flap, depending on the 

AJCC (7th edition) AJCC (8th edition) [33]

Primary tumor

Tx:
T0:
Tis:

Primary tumor cannot be assessed.
No evidence of primary tumor.
Carcinoma in situ.

The same as the 7th edition.
The same as the 7th edition.
The same as the 7th edition.

T1: Primary tumor <2 cm in biggest 
dimension.

Primary tumor≤2 cm, DOI ≤ 5 mm.

T2: Primary tumor is 2–4 cm in biggest 
dimension.

Primary tumor ≤2 cm, 5 mm<DOI ≤ 10 mm;
or 2 cm<tumor≤4 cm, and DOI ≤ 10 mm.

T3: Primary tumor >4 cm in biggest 
dimension.

Primary tumor>4 cm or any tumor DOI>10 mm

T4:
T4a:

T4b:

Moderately or very advanced local disease
Moderately advanced local disease.
(lip) Tumor invades through cortical bone, 
inferior alveolar nerve, floor of mouth, or 
skin of face;
(oral cavity) Tumor invade adjacent 
structures only.
Very advanced local disease, tumor 
invades masticator space, pterygoid plates, 
or skull base and/or encases internal 
carotid artery.

The same as the 7th edition.

Regional lymph node status

Nx:
N0:

N
Regional lymph node cannot be assessed.
No regional lymph node metastasis.

pN
The same as the 7th edition.
The same as the 7th edition.

N1: Metastasis to a single ipsilateral lymph 
node (≤3 cm).

New introduction of negative extranodal extension, 
based on the 7th edition.

N2a: Metastasis to a single ipsilateral lymph 
node (3–6 cm).

Metastasis to one single ipsilateral lymph node 
(3–6 cm) and extranodal extension (−); metastasis to 
a single ipsilateral or contralateral lymph node ≤3 cm 
and extranodal extension (+).

N2b: Metastasis to multiple ipsilateral lymph 
nodes (<6 cm)

New introduction of negative extranodal extension, 
based on the 7th edition.

N2c: Metastasis to bilateral or contralateral 
lymph nodes (<6 cm)

New introduction of negative extranodal extension, 
based on the 7th edition.

N3: Metastasis to any lymph node (>6 cm) N3a: Metastasis to one lymph node >6 cm and 
extranodal extension (−);
N3b: Metastasis in one single ipsilateral node >3 cm 
and extranodal extension (+); or metastasis in 
multiple ipsilateral, contralateral, or bilateral lymph 
node, with any extranodal extension (+)

Distant metastasis

Mx: Cannot be assessed. The same as the 7th edition.

M0: No distant metastasis. The same as the 7th edition.

M1: Distant metastasis. The same as the 7th edition.

Table 1. 
A comparison of the 7th and 8th edition of AJCC/TNM staging of oral cancer.
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defection. For hard tissue defection, autologous bone grafts from the iliac crest, 
fibula, radius or scapula are common choices.

Elective neck dissection (END) is suggested for all oral cancer patients [37]. 
It is reported that around 15–30% of cN0 patients have inapparent lymph node 
invasion (pN) [1], suggesting the importance of prophylactic dissection for N0 
patients. Though recent evidence shows that sentinel node biopsy can be a reliable 
indicator for N0 oral cancer patients, more data is needed to support its function 
[39]. Additionally, patients with a DOI of more than 4 mm or T2/3/4 stage should 
undergo neck dissection to improve overall and disease-free survival rate [40].

6.2 Radiotherapy and chemotherapy

For patients with pathologically positive lymph nodes, occult neck metastasis 
or existence of extra-capsular spread (ECS), radiotherapy should be initiated. 
Disadvantages of radiotherapy are many which influence the quality of patients, 
introducing alteration in skin color, oral cavity mucositis, xerostomia, osteora-
dionecrosis of the mandible, as well as late toxic symptoms such as dysphagia and 
dehydration [41]. With the development of intensity-modulated radiotherapy 
(IMRT), side effects are reduced significantly [42].

Chemotherapy has been applied as an adjuvant approach in oral cancer, espe-
cially for patients with locally advanced stage. It can be performed before surgery 
(known as induction chemotherapy), and also as a combination with radiotherapy 
(known as chemoradiotherapy) before or after surgery which helps effectively 
controlling the progression of patients with extracapsular extension in lymph 
nodes and positive resection margin. As a radiosensitizer, cisplatin is the first-line 
agent to combine with radiotherapy. What’s more, the application of anti-pro-
grammed cell death-ligand 1 (PD-L1) antibody is found to improve the prognosis 
of oral cancer patients with metastasis after chemotherapy using platinum [43].

7. Survival and prognosis of oral cancer

With the development of diagnosis and adjuvant therapy, a retrospective data-
base study involving 16,020 cases of oral cancer patients between 1973 and 2014 
showed that the 3-year survival rate for early stage patients increased from 78% to 
92.9%, and for those with late stage disease increased from 51.9% to 70.3% [44]. 
Another study including 2082 patients in a tertiary cancer care center from 1985 
to 2015 found that the 5-year over survival (OS) rate of oral cancer was 64.4% and 
disease special survival (DSS) rate was 79.3% [45].

Age, surgical margin clearance, vascular and perineural invasion situation, pT 
and pN are factors affecting prognosis. Among these, lymph node involvement 
strongly indicates poor prognosis, especially for those with extracapsular spread 
[46]. Increased tumor size and advanced tumor stage also have their roles on prog-
nosis [47]. However, tumor differentiation, number of metastasis nodes, ethnicity 
are found to have no relationship with prognosis. Due to variation in the geography 
and studied population, more evidence is needed.

8. Screening of oral cancer

More than 50% of oral cancer patients are diagnosed at the state of regional or 
distant metastasis. Thus, a proper screening is urgently needed for earlier detection 
and prevention. A primary screening for oral cancer is visual inspection combined 
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with palpation. Any abnormality that with a history longer than fourteen days 
should be reevaluated, and a tissue biopsy is required. There are other adjunctive 
techniques providing subjective interpretations, including toluidine blue staining, 
brush cytopathology, salivary diagnosis, tissue autofluorescence and chemilumi-
nescence [48]. Alteration of the oral microbial community has its role in predicting 
oral cancer too, such as the carcinogenic Porphyromonas gingivalis and F nuclea-
tum [49]. Although there is increasing clues showing HPV infection in oral cancer, 
no screening project has been approved by the U.S. Food and Drug Administration 
(FDA). Furthermore, a recommendation from the U.S. Preventive Services Task 
Force (USPSTF) suggested that more evidence is needed to access the value of 
screening for oral cancer between benefits and drawbacks [50].

9. Conclusion

In spite of advancement of reconstruction surgery and adjuvant therapy in 
recent decades, oral cancer remains a public social healthy problem because of its 
high incidence and mortality rate. To better control this malignant disease, the 
key principle lies in early diagnosis and prevention such as social education about 
lifestyle. Finally but not lastly, a personalized treatment should be made by a 
multidisciplinary team for every patient.
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Abstract

Head and neck squamous cell carcinomas arise from the mucosa of the upper 
aerodigestive tract and is often driven by risk factors like tobacco and alcohol 
consumption. Most of the time patients present with locally advanced stages and 
the outcome is poor, despite recent advances in multi-modality treatment. The 
epidemiology of the disease has changed over the last decade with the introduction 
of a separate clinical entity; Human Papillomavirus (HPV) associated head and 
neck cancer. The tumorigenesis is different from that of tobacco and alcohol-driven 
malignancies. These tumors have a better response to treatment owing to their 
inherent genetic makeup and carry an excellent prognosis. The current school of 
thought is to reduce the long-term morbidities associated with various treatment 
modalities, as these patients tend to survive longer. The best management of HPV-
associated oropharyngeal cancer is under active investigation.

Keywords: human papilloma virus, oropharyngeal cancer, squamous cell carcinoma, 
treatment, prognosis

1. Introduction

HPV is currently a well-recognized and emerging risk factor for head and neck 
squamous cell carcinoma. HPV associated oropharyngeal carcinoma have distinct 
clinical behavior and outcome. This led to a paradigm shift in the research and trend 
towards De-escalating treatment strategies. The rationale of these trials is to prove that 
the de-intensified treatment modality has same efficacy with less morbidity compared 
to standard of treatment. This chapter tries to elaborate on the epidemiology, onco-
genesis, testing for HPV, treatment approaches and different clinical trials addressing 
the issue.

2. Epidemiology

Oropharyngeal carcinoma represents 0.9% of all cancers and its incidence 
is increasing with an estimate of 173,495 new cases in 2018 [1]. Epidemiological 
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studies have demonstrated that there has been a reduction in the incidence of 
laryngeal, hypopharyngeal, and oral cavity cancers since 1980, following a reduc-
tion in tobacco use in developed countries [2]. Oropharyngeal cancer incidence 
initially remained constant, then started rising [2, 3]. Later it was correlated to 
HPV-associated cancers in the tonsillar region and base of the tongue. There is 
a geographical variation in the incidence of oropharyngeal carcinoma with the 
increasing incidence of HPV associated cancers in the developed countries [4]. 
Among men the rising incidence of HPV associated oropharyngeal cancer was 
noticed in the United States, Australia, Canada, Japan and Slovakia and among 
women it was noticed in Denmark, Estonia, France, Netherlands, Poland, Slovakia 
and United Kingdom [4]. These patients tend to be younger and follow a biphasic 
distribution, which peaks around 30 and 55 years [5]. Male gender preponderance 
has been noted in many studies. In the ICON-S database median age of the HPV 
positive cases was 57 years and 84% of patients were male [5].

3. Clinical characteristics of HPV associated oropharyngeal cancer

HPV-associated Oropharyngeal Squamous cell Carcinoma (OPSCC) has 
different demographic and biological features when compared to HPV negative 
cancers [6]. These patients tend to be younger, with little or no tobacco expo-
sure, and associated with certain sexual behaviors like oral sex. They have dif-
ferent molecular alterations. Table 1 shows a comparison between clinical and 
biological profiles of HPV positive and HPV negative oropharyngeal carcinoma. 
The synergetic mechanism of HPV with tobacco and alcohol is unknown. The 
subset of OPSCC patients with significant smoking history may harbor TP53 
and EGFR mutations and their outcomes are similar to HPV negative head and 
neck cancers.

Characteristics HPV positive HPV negative

Age younger older

Gender 3:1 men 3:1 men

Socioeconomic status high low

Risk factors sexual behavior tobacco, alcohol

Co factors immunosuppression, marijuana use diet, hygiene

Incidence increasing decreasing

Survival better worse

Predilection site tonsil, base of tongue none

Histology basaloid/poorly differentiated keratinized

T-Stage lower T-stage higher T stage

Nodal status higher, often cystic nodes lower

Field cancerization unknown present

Genetics P53 inactivated by E6 P53 is mutated

Rb inactivated by E7 Rb inactivated by cyclin 
D1Amplification

P 16 over expressed Inactivation of p 16

Table 1. 
Major differences between HPV positive and negative oropharyngeal cancers.
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4. Human papillomavirus and carcinogenesis

A systematic review by Kriemer et al. has described the presence of HPV DNA in 
head and neck cancers [7]. Approximately 150 HPV subtypes have been reported. 
HPV 16 is associated with >90% of HPV associated oropharyngeal cancers [7]. HPV 
is a circular, double stranded DNA virus of 55 nm. Multiple sexual partners and/
or higher frequency of oral sex may increase the risk of HPV infection and later 
malignant transformation. Tonsillar crypts provide large epithelial surface and deep 
invaginations of the mucosal surface are thought to favor the capture and process-
ing of viral antigens. The epithelial basal cells are the target cells of the virus, where 
the viral DNA undergoes uncoating and is transported to the nucleus. In high risk 
HPV infection E6 and E7 proteins are produced from the supra basal layers. In HPV 
induced carcinogenesis, E6 and E7 oncoproteins deregulates cell cycle and apoptosis 
by acting on p53 [8]. P53 is a tumor suppressor gene which controls G1 transition to S 
phase in the cell cycle at G1 check point by inducing the expression of cyclin inhibi-
tors p16, p21 and p27 which in turn will block cyclin dependent kinases and progres-
sion of the cell cycle at G1/S transition. Inactivation, of p53 gene causes increased cell 
proliferation. Rb family of proteins governs the check point between G1 and S Phase. 
In normal cell cycle hypo phosphorylated Rb forms a complex with E2F and makes it 
unavailable for the DNA synthesis. E7 oncoprotein inactivate Rb family of proteins 
that causes over expression of E2F thereby produces increased cell proliferation [9].

5. Principles of HPV testing for oropharyngeal carcinoma

All patients diagnosed with OPSCC should undergo testing for HPV status. 
Biopsy from the primary lesion or FNAC from an involved node is sufficient for 
HPV testing. The gold standard is the demonstration of HPV E6/E7 mRNA expres-
sion in clinical specimens, which is often impractical. Demonstration of HPV 
DNA, by polymerase chain reaction (PCR), has high sensitivity, but specificity 
is low as cross-contamination can occur. In situ hybridization (ISH) technique 
allows the identification of a single viral copy and is more specific. In the HPV 
carcinogenesis, E7 mediated Rb inhibition leads to induction of demethylases 
resulting in overexpression of p16INK4A, which is a cyclin-dependent kinase inhibi-
tor. Hence the immunohistochemistry (IHC) test for P 16 is used as a surrogate 
marker for HPV status. Various methods for testing the HPV status is summarized 
in Table 2. Infection with non-HPV subtypes or low viral copy numbers cannot 
be detected by IHC and there can be a 7% disparity between HPV ISH and IHC 
reports. In the case of an equivocal P16, further testing by ISH can clarify the HPV 
status. Work up for patients includes thorough history taking, with documenta-
tion on pack-years smoked, and clinical examination (inspection, palpation, and 
endoscopy evaluation to see the extent of the lesion). Imaging using CT or MRI 

Tumor tissue Serum

• Testing for viral load(Viral DNA) In situ-hybridization • Antibody testing  
(Cumulative viral load) L1

Polymerase Chain Reaction Capsid protein

• Gene expression E6,E7 mRNA • Expressed oncoprotein E6, E7

• Surrogate Immunohistochemistry-P16  

Table 2. 
Various methods used for testing HPV status.
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Clinical and Pathological T categories

• T1 Tumour 2 cm or less in greatest dimension

• T2 Tumour more than 2 cm but not more than 4 cm

•  T3 Tumour more than 4 cm in or extension to lingual surface of epiglottis

• T4 Tumour invades any of the following: larynx, deep/extrinsic muscle of tongue(genioglossus, hyoglos-
sus, palatoglossus, and styloglossus), medial pterygoid, hard palate, mandible, lateral pterygoid muscle, 
pterygoid plates, lateral nasopharynx, skull base; or encases carotid artery

Clinical N categories

N0 No regional lymph node metastasis

N1 Unilateral metastasis, in lymph node(s), all 6 cm or less

N2 Contralateral or bilateral metastasis in lymph node(s), all 6 cm or less in greatest dimension

N3 Metastasis in lymph node(s) greater than 6 cm in dimension

Clinical

Stage I T1,T2 N0,1 M0

Stage II T1,T2 N2 M0

T3 N0,N1,N2M0

Stage III T1-T4 N3 M0

T4 Any N M0

Stage IV Any T Any N M1

Pathological N categories

Nx-regional nodes cannot be assessed

pN0-No regional lymph node metastasis

pN1-Metastasis in 4 or few lymphnodes

pN2-Metastasis in more than 4 lymphnodes

There is no T4b in the current classification and carcinoma in-situ is removed as there is absence of a distinct 
basement membrane in the epithelium of Waldeyers ring.

Extra capsular extension is not included in the pathological classification and there is no pN3 status.

Table 3. 
New classification for HPV positive carcinoma oropharynx based on AJCC Cancer Staging Manual, 8th [11].

neck aids in staging detects regional lymphadenopathy including retropharyngeal 
nodes. MRI neck in treatment position is particularly useful in delineation of the 
primary lesion for radiotherapy planning. The primary lesions of HPV positive 
OPSCC often had well-defined borders on imaging with a cystic nodal disease with 
or without necrosis. A chest X-ray is advisable to assess the baseline pulmonary 
function. Additionally, they need a dental evaluation for radiotherapy planning. 
All patients should undergo nutrition, speech, and swallowing evaluation, and 
smoking cessation counseling should be given if needed. Pre-anesthesia workup is 
needed if planning for surgery.

6. New staging system

As the number of HPV-associated OPSCC increased the 7th AJCC staging system 
lost its ability to differentiate between stages. There was an overlap of survival 
among different stages of HPV positive oropharyngeal carcinoma. Based on 
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accumulating evidence of prognostic value for HPV-positive OPSCC new staging 
system was refined [5, 10]. The new AJCC 8th staging system for HPV positive 
oropharyngeal carcinoma is summarized in Table 3 [11].

7. HPV status and treatment response

There are many factors attributed to the survival advantage for p16 positive 
oropharyngeal carcinoma. Many of the patients are younger, they have fewer 
comorbidities and less chance of field cancerization given reduced smoking his-
tory. HPV-positive tumours may harbour fewer or different genetic alterations. 
HPV-positive tumours have higher radio sensitivity, due to compromised DNA 
repair capacity [12]. Other studies have reported intrinsic radiation sensitivity and 
increased apoptosis following radiation exposure [13]. The immunologic response 
may play a role in the improved response to radiotherapy and chemotherapy in 
HPV-positive tumors.

The survival advantage noted for HPV positive OPSCC in the radiotherapy 
setting has been summarized in Table 4. Retrospective analysis of the HPV positive 
subgroup in the RTOG 0129 trial reported a strong association between HPV status 
and good survival [19]. They risk stratified the patients as having a low, intermedi-
ate, or high risk of death based on the combination of tumor HPV status, pack-
years of tobacco smoking, and cancer stage. In the low-risk group, which included 

Study N Subsite % 
HPV

Treatment Survival 
HPV + ve

Survival 
HPV − ve

P value

ECOG  
2399 [14]

96 oropharynx 
+ larynx

40 induction 
chemotherapy + 
chemo radiation

95% 62% 0.005

DAHANCA 
5 [15]

156 all head and 
neck sites

22 radiotherapy 
+ concurrent 
Nimorazole

62% 26% 0.003

TROG 02.02 
[16]

172 oropharynx 57 chemo radiation 
with or without 
Tirapazamine

91% 74% 0.004

TAX 324 [17] 111 oropharynx 50 induction 
chemotherapy + 
chemo radiation

79% 31% 0.0001

RTOG  
9003 [18]

190 oropharynx 39 standard 
fractionation 
versus altered 
fractionation 
radiotherapy

49% 19.6%, <0.0001

RTOG  
0129 [19]

323 oropharynx 64 accelerated RT 
vs. Standard 

RT + concurrent 
chemotherapy

82.4%, 57.1% <0.001

DAHANC 
A6, 7 [20]

769 all head and 
neck sites

23 five or six 
fractions of 

radiotherapy 
per week 

+Nimorazole

62% 47% 0.0001

Table 4. 
Major randomized trials that have reported survival benefit for HPV positive subset.
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HPV positive and non-smokers, 3-year disease-free survival (DFS) was 93% when 
compared to<50% in the high-risk group which included the HPV negative and 
smokers. The intermediate-risk group included HPV positive patients with smoking 
history and HPV negative non -smokers. This led to the thought for de-intensifi-
cation of the multimodality approach for low-risk category patients. In the post-op 
setting, the German radiation oncology group study showed a better correlation of 
HPV positive status with oropharyngeal carcinoma subsite and better outcomes in 
the patients undergoing adjuvant chemoradiation for locally advanced head and 
neck cancers [21]. Retrospective analysis of IMCL-9815 study, where patients were 
treated with radiotherapy with or without Cetuximab, the overall survival was 
better for p16 positive patients [22]. In the abovementioned trials, a better prognosis 
for HPV positive oropharyngeal carcinoma was independent of treatment modality. 
The association of HPV positive status with improved outcome was restricted to the 
oropharyngeal primary site [23].

8. De-escalating treatment intensity

The treatment options for early-stage OPSCC includes radical radiotherapy 
versus surgery (resection of the primary+/_ ipsilateral or bilateral neck dis-
section). For locally advanced oropharyngeal carcinoma primary treatment is 
radical chemoradiation or induction chemotherapy followed by radical chemo-
radiation with or without salvage surgery. The primary lesion and involved 
node with a margin are treated to a dose of 66-70Gy in 33–35 fractions and 
prophylactic nodal stations will receive 54 Gy in 30 fractions. With the introduc-
tion of intensity-modulated radiotherapy (IMRT) dose to dysphagia aspiration, 
related structures can be minimized. Cisplatin 80–100 mg/m2 once in 3 weeks 
is the standard concurrent chemotherapy schedule. For primary lesions of the 
oropharynx, surgical clearance is an issue, considering the complex anatomy and 
proximity to critical structures. Reconstruction is difficult and retropharyngeal 
nodes cannot be surgically removed. Bilateral neck dissection should be consid-
ered for lesions over the base of the tongue, soft palate, posterior pharyngeal 
wall, or tonsillar lesion invading the base of the tongue. Functional outcome is 
better with radiotherapy. In advanced-stage disease, surgery is often followed by 
adjuvant therapy which will lead to increased morbidity and decreased quality of 
life. Major factors deciding the treatment modality include performance status of 
the patient, location of the primary lesion, expertise available, morbidities asso-
ciated with each treatment option, and patient preference. Since HPV-positive 
oropharyngeal carcinoma patients tend to be younger and have prolonged 
survival, there is a potential to improve the quality of life through reducing the 
treatment-related toxicities. Application of this knowledge has led to multiple 
de-escalating strategies.

8.1 Minimally invasive surgery

The development of minimally invasive surgical techniques like transoral laser 
microsurgery (TLM) and transoral robotic surgery (TORS) has changed the surgi-
cal management for early oropharyngeal carcinoma. No prospective randomized 
studies are supporting the use of TORS over conventional surgery for oropharyn-
geal carcinoma. Small series report better swallowing outcomes in selected oropha-
ryngeal carcinoma patients treated with less invasive surgery with or without neck 
dissection, followed by adjuvant therapy [24]. Complications include postoperative 
haemorrhage and the need for temporary tracheostomy.
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ORATOR trial is the first phase 2 randomized trial comparing radiotherapy 
with transoral robotic surgery and neck dissection for early stage oropharyngeal 
squamous cell carcinoma [25]. Patients with T1–T2, N0–2 (≤4 cm) OPSCC tumor 
types were randomized to radiotherapy arm (70 Gy, with chemotherapy, if N1–2) 
or TORS plus neck dissection (with or without adjuvant chemoradiotherapy, based 
on pathology). In the surgery arm, 24% of patients received postoperative chemo-
radiotherapy. The initial report showed swallowing related quality of life score was 
better in the radiotherapy group after one year follow up. The ongoing ORATOR II 
trial is testing the overall survival between radiotherapy arm versus surgery [26].

Few other trials are assessing whether the swallowing function can be improved 
following minimally invasive surgery like Trans Oral Robotic Surgery (TORS) and 
to prove non-inferiority of reducing the intensity of adjuvant treatment in terms of 
overall survival. Table 5 shows de-intensification trials after surgical intervention. 
The aim of the ECOG 3311 study was to find out whether the dose of adjuvant radio-
therapy can be reduced in the intermediate risk patients [27]. 2-year Progression free 
survival was not affected by observation alone in the low risk group and reduced dose 
radiotherapy in the intermediate risk group. Pathos trial examines whether swal-
lowing function is better in patients undergoing transoral resection of HPV-positive 
OPSCC with reduced adjuvant treatment and results are awaited [28]. The rationale 
behind ADEPT trial is to find out is it safe to avoid concurrent chemotherapy in 
patients with extracapsular extension following minimally invasive surgery [29].

In the ECOG 3311 trial, the negative margin was defined as 3 mm or greater and 
adjuvant radiotherapy was offered to those with, <3 mm margin [27]. For transoral 
resection, the chance of positive margin is likely for the base of tongue tumors than 
Tonsillar tumors. In transoral laser microsurgery, the tumor may be removed in 
multiple pieces and it may be difficult to commend on the margin status. In many 
recent studies, the margin is generally considered clear unless involved [24].

Trial Phase N Inclusion criteria 
(HPV + ve OPSCC)

Intervention 
(following TORS+ 
neck dissection)

Outcome

ECOG 3311 [27] II 511 resectable stage 
III–IVB A.Low risk- 

observation 
B.Intermediate risk- 
50Gy/25 fractions or 
60Gy/30 fractions
C.High risk–
Chemo radiation 
66Gy/33 fractions

2-year PFS 
A-93.9%

B- 95.0%

C- 95.9%

PATHOS trial [28] III 1100 resectable T1–T3, 
N0–2b. excludes 
active smokers with 
N2b disease

Intermediate risk-
50Gy/25 fractions or 
60Gy/30 fractions 
High risk–60Gy/30 
fractions or 
60Gy/30 fractions + 
weekly Cisplatin

Awaited

ADEPT [29] 
(NCT01687413)

III 500 resectableT1–4a 
with negative 
margin pN positive 
with ECE

RT 60Gy/30 
fractions or RT 
60Gy/30 fractions + 
weekly Cisplatin

Awaited

TORS:Trans oral robotic surgery; ECE: extracapsular extension.

Table 5. 
Trials addressing the role of minimal invasive surgery and reduced dose radiotherapy.
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Currently, it is proven that the number of involved nodes is more prognostic 
than extranodal extension in resected oropharyngeal carcinoma and has been 
incorporated in the pathological staging of AJCC 8th edition [30]. Some authors 
have tried omitting chemotherapy in high-risk patients with extranodal extension, 
to reduce the toxicity associated with triple modality treatment [31]. In the absence 
of evidence, this practice is not recommended. Routman has reported resected 
oropharyngeal cancer patients without high-risk features have an 11% risk of 
failure, whereas those with ECE had a 53% risk of recurrence [32]. This implicates 
the role of adjuvant radiotherapy in this setting. The role of adjuvant radiotherapy 
in resected HPV positive oropharyngeal cancer with intermediate-risk patients 
(PNI, LVI, T3 to T4, or N2 diseases) needs further clarification. The basic principle 
of oncology is to limit the number of modalities used for treatment to reduce long 
term morbidities. Long-term data are needed for further refinement of the best 
management strategy.

8.2 Non-surgical de-intensification strategies

De-intensification strategies employing reducing the dose or volume of radiation 
therapy have the potential to reduce gastric tube dependence, osteoradionecrosis, 
dysphagia, xerostomia, dental decay, hypothyroidism, carotid stenosis, etc. which 
include the following

a. Replace Cisplatin with Cetuximab (along with radiotherapy).

b. Neoadjuvant chemotherapy followed by decreased radiotherapy dose/volume

c. Chemo-radiation with decreased radiotherapy and chemotherapy doses.

d. Omitting chemotherapy.

e. Protons instead of photons.

8.2.1 Replace cisplatin with cetuximab

In the subset analysis of Bonners trial, the benefit of Cetuximab plus RT was 
restricted to the oropharyngeal subsite [33]. It was later hypothesized to replace 
Cisplatin with Cetuximab in this favorable group. The three major trials which 
looked into this aspect were RTOG1016, De-Escalate HPV, and the TROG study 
(Summarized in Table 6).

Results from both RTOG 1016 trial and De-Escalate HPV trial show that HPV 
positive disease has a good prognosis, there was no difference of toxicity between 
the two arms, better overall survival and less recurrence with Cisplatin plus RT arm 
and Cisplatin plus RT remains the standard of care in low-risk HPV positive disease. 
The result of the TROG 12.01 study is awaiting [36].

8.2.2 Neoadjuvant chemotherapy followed by decreased radiotherapy dose/volume

E1308 was a phase II trial, in which patients were selected to reduced RT dose based 
on complete clinical response to neoadjuvant chemotherapy with Cisplatin + Paclitaxel 
+ Cetuximab [37]. Those who achieved complete clinical response was treated to an 
RT dose of 54Gy in 27 fractions, 5 days a week with concurrent cetuximab for 6 weeks, 
and those patients who achieved a partial response or stable disease was treated to a 
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dose of 69.3 Gy in 33 fractions, 5 days a week with concurrent Cetuximab for 7 weeks. 
After a median follows up of 35.4 months, the 2-year progression-free survival was 
80% in the reduced RT group with improved swallowing and nutritional status.

The Quarterback trial is another trial that is looking into this aspect. It is a phase 
III randomized trial comparing reduced dose (IMRT,56Gy in 28 fractions with 
concurrent Carboplatin weekly) and standard-dose radiotherapy (IMRT,70Gy 
in 35 fractions with concurrent Carboplatin weekly) for locally advanced HPV 
oropharyngeal carcinoma after neoadjuvant chemotherapy with TPF (Cisplatin, 
Docetaxel, and 5-Fluorouracil) regimen [38]. The primary endpoint is progression-
free survival and results are awaited.

Another study has tried reducing the radiation therapy volume, keeping the 
radiation dose unchanged [39]. Following induction chemotherapy (Cisplatin, 
Paclitaxel, Cetuximab ± Everolimus), patients with >50% reduction received 
radiotherapy to gross disease only. Whereas patients with <50% reduction received 
radiotherapy to gross disease and next elective nodal station. Two -year PFS was 
93.1% in the responders versus 74% in the non-responders.

In the OPTIMA trial, both dose reduction and volume de-escalation were tried 
where radiation was limited to the first echelon of uninvolved nodes [40]. After 
3 cycles of neoadjuvant chemotherapy (Carboplatin+ nab-Paclitaxel), low-risk 
patients with ≥50% response received 50 Gy RT, low-risk patients with 30%–50% 
response, and high-risk patients with ≥50% response received 45 Gy RT + concur-
rent chemotherapy and patients with the lesser response received 75Gy + concur-
rent chemotherapy. Two-year progression survival was not compromised compared 
to historical control.

8.2.3 Chemoradiation with decreased radiotherapy and chemotherapy doses

In a phase II trial, favourable risk HPV associated oropharyngeal carcinoma 
patients were randomized to receive 60Gy intensity-modulated radiation therapy 

Trial Phase N Inclusion 
criteria 

(HPV-positive 
OPSCC)

Intervention Results

RTOG 1016 [34] III 706 T1–2, N2a–3 or 
T3–4, any N

Accelerated 
RT(70Gy) + 

cetuximab vs. RT+ 3 
weekly Cisplatin

5 year survival 
77·9% vs. 84·6% 
p = 0.5056(non-

inferiority)

De-ESCALaTE 
HPV [35]

III 334 T3N0–T4N0, 
T1N1 –T4N3 
excludes > 

N2b, >10 PY

Conventional RT+ 
Cetuximab vs. RT + 

weekly Cisplatin

2-year survival 
89·4% vs. 97·5% 

(p = 0.001)

TROG 12.01 [36] III 200 Stage III 
(excluding 

T1–2, N1) or 
IV (excluding 
T4, N3, or M1) 

if ≤10 PY. If 
>10 PY, only 

N0 − 2A

RT+cetuximab vs. 
RT+ weekly Cisplatin

Awaited

PY: pack years.

Table 6. 
Trials replacing Cisplatin with Cetuximab.
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with concurrent weekly Cisplatin (30 mg/m2) followed by biopsy from the primary 
site and planned neck dissection of the initially involved site [41]. The primary 
endpoint of the study, pathological complete response was 86% and was associated 
with less toxicity. Few drawbacks of this study are that they included early-stage 
cases, short follow-up (14 months), and planned neck dissection which was unnec-
essary in some patients. In the follow up study, with the same IMRT dose 60 Gy in 
30 fractions, multiple chemotherapy options were there (weekly regimens with 
Cisplatin 30 to 40 mg/m2 (first choice), Cetuximab 250 mg/m2 (second choice), 
Carboplatin AUC 1.5 and paclitaxel 45 mg/m2) and chemotherapy was omitted for 
patients with T0-2 N0-1 disease, ≤ 10 pack-years smoking history [42]. The neck 
dissection was advised based on positive PET/CT done after 10–16 weeks. The 
results are awaited.

8.2.4 Omitting chemotherapy

In the HN 002 trial, patients with stage T1- T2, N1-N2b or T3, N0-N2b, p16 positive 
oropharyngeal carcinoma patients were randomized to receive either IMRT 60 Gy/30 
fractions over 6 weeks, or IMRT with concurrent weekly Cisplatin 40 mg/m2 [43]. 
Estimated 2-year survival and late toxicity were similar and acute toxicity were more 
in the chemotherapy arm.

8.2.5 Protons instead of photons

The goal of the trial was to compare the side effects of 2 radiation treatments; 
intensity-modulated photon beam therapy 70Gy(RBE) in 33 fractions, with inten-
sity-modulated proton beam therapy, 70Gy(RBE) in 33 fractions. The estimated 
study completion date is 2024 [44].

9. Unknown primary with cervical node metastasis

If p16 positive in lymph node specimen, it is staged as per p16 positive orophar-
ynx carcinomas and treated accordingly.

10. Immunotherapy

Immunotherapy as sole therapy has reported a delay in progression in metastatic 
HPV positive oropharyngeal carcinoma [45]. Combining Checkpoint inhibitors like 
anti-programmed cell death 1 (PD-1) with tumor vaccine has some shown benefit 
in a recurrent setting in phase II trials [46].

11. Post-treatment surveillance

Following the completion of treatment, the patient should be evaluated clini-
cally once in 3 months for the initial 2 years, once in 6 months for 5 years, and 
yearly thereafter. Persisting symptoms, radiating pain to the ear, etc. warrants 
local recurrence. Negative PET/CT scan obtained between 3 and 6 months after 
completion of treatment and at 12 months post-treatment is associated with a good 
prognosis. Considering the low recurrence rate in HPV positive OPSCC and the cost 
involved, it’s not a routine investigation that is followed.
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12. Treatment of recurrent and metastatic disease

Salvage surgery or irradiation if feasible should be considered for recurrent 
disease. Palliative chemotherapy with platinum doublets can be considered if local 
treatment not feasible. Clinical trials are ongoing with targeted agents, immuno-
therapy as sole treatment versus combination therapy.

13. Conclusion

HPV associated oropharyngeal carcinoma is on the rise. A lot of research is hap-
pening in this field to refine the best treatment for this separate clinical entity with 
the vision to reduce long term morbidities. Mature data with long term follow up 
is needed to change the current practice. At present, HPV-positive oropharyngeal 
carcinoma patients should not be treated with de-intensification protocols outside 
the clinical trial setting.
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Abstract

Nasopharyngeal carcinoma (NPC) is one of head and neck cancer. It has a 
complicated etiology involving Epstein–Barr virus (EBV) infection, environment 
changes, and genetic susceptibility. Early symptoms of NPC are unspecific, so 
most NPC patients are diagnosed at a late stage. An effective population screening 
strategy could increase the early detection and early diagnosis rate. As far, 
serological detection of EBV antibodies such as VCA-IgA, EA-IgA, and EBNA1-IgA, 
are widely used in NPC mass screening; EBV DNA load detection in plasma or 
nasopharyngeal swab was applied to screen in endemic populations for assessing 
the feasibility. However, the current screening schemes still have disadvantages 
such as lowly positive predictive value, unclear effectiveness of screening and 
cost-effectiveness. In the present chapter, we try to review the different screening 
strategies for NPC to understand the future direction of development.

Keywords: Nasopharyngeal carcinoma, Screening, Early diagnosis, Biomarker, 
Epstein–Barr virus, Antibody, DNA load

1. Introduction

Screening is primary measure of secondary prevention of cancer. It mainly 
regularly monitor the asymptomatic high-risk population to achieve the purpose 
of early detection and early treatment of malignant tumors. Cancer carring out the 
secondary prevention should have the following conditions: 1) great harm to the 
health and life of the population; 2) long enough pre-clinical period; 3) better effect 
of both the early treatment and intervention of precancerous lesions; 4) screening 
methods with effective sensitivity and specificity.

Nasopharyngeal carcinoma (NPC) is a one of head and neck cancer. At present, 
the etiology of NPC has not remained completely elucidated, generally considered 
involving Epstein–Barr virus (EBV) infection, environment changes, and genetic 
susceptibility. There are no feasible preventive measures for NPC. However, it 
has secondary prevention. First, NPC exhibiting marked racial and geographical 
differences, is epidemic in the population of Southern China, Southeast Asia, and 
North Africa, which is extremely harmful to human life and health [1]. In 2014, 
the incidence and mortality of NPC were 2.48 per 100,000 and 1.23 per 100,000 in 
China respectively [2]. At the same time, the morbidity and mortality of males were 
higher than females. The morbidity was mainly in the young while the mortality 
was mainly in middle and old age. Besides, the occurrence and development of 
NPC is a multi-stage process, which includes initiation, promotion, malignant 
transformation, and advanced stage of disease [3]. It takes a certain amount of 
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time to develop into a malignant tumor. In addition, the clinical stage of NPC is an 
important factor affecting therapeutic outcome. The 10-year survival rate for NPC 
with stages I and II can reach up to over 90%, whereas for patients with stage III 
and IV is less than 50% [4]. At last, there are effective methods to detect pre-clinical 
patients, and the level of antibody against EBV antigens is significantly related to 
the risk of NPC [5, 6].

NPC first occurs in the epithelium of the nasopharynx, which can invade 
the base of the skull and metastasize to the cervical lymph nodes. It has the 
characteristics of complex manifestations, hidden onset, non-specificity of 
the initial symptoms, and difficulty in early diagnosis. According to statistics, 
patients with NPC at an early stage who came to the hospital accounted for only 
about 20% of the total [7]. Strengthening secondary prevention - early detection, 
early diagnosis, and early treatment - is an important part of the prevention and 
treatment of NPC. At the same time it is the key to improve the cure rate and obtain 
a better prognosis of NPC patients.

2. EBV specific antibodies-based serologic testing

EBV belonging to γ-herpesvirus is a human herpesvirus with B lymphocytes. 
Nearly 95% of adults worldwide are infected with this virus. EBV in infected cells 
can be divided into two states: EBV latent infection and EBV lytic infection. Only 
a few virus genes are expressed in EBV latent infection, which can ensure the basic 
replication function of the virus but lossing infection ability. In EBV lytic infection, 
EBV needs to be activated about 80 ~ 100 viral genes to complete host-to-host 
propagation, and finally produce and form infectious virions (or viral particles). 
After the initial infection, EBV can establish a lifelong latent infection in the host, 
and persistent EBV lysis replication state infection can lead to a series of human 
malignant tumors [8].

EBV infection is closely related to the occurrence and development of NPC. EBV 
latent infection of nasopharyngeal epithelial cells is considered to be a key step in 
the carcinogenesis of epithelial cells. After EBV infection, the expressed virus genes 
can produce different antigens, such as EBV nuclear antigen (EBNA), membrane 
antigen (MA), early antigen (EA), viral capsid antigen (VCA), BZLF1 transcription 
activator protein (Zta), BRLF1 transcription activator protein (Rta), etc. [9].

The detection of antibodies against EBV antigens in the sera of NPC patients 
was reported as early as 1966. Helen W et al. first proposed the view that immuno-
globulin A (IgA) antibodies against EBV can be used for the diagnosis of NPC [10]. 
Studies also confirmed that the expression of IgA antibodies against VCA (VCA-
IgA) in NPC patients was higher than in healthy people and the antibody titer was 
related to the stage of NPC. The idea of using this antibody for NPC screening also 
was proposed [11]. In 1977, Y Zeng et al. established a prospective prevention and 
treatment site for NPC in Cangwu, Guangxi province China, in order to carry out 
research on early diagnosis and etiology analysis. The first NPC mass screening was 
carried out in Cangwu County by the application of the immunoenzymatic (IE) 
method to detect VCA-IgA and EA-IgA [12]. Therefore, the NPC screening model 
suitable for the population in the high-risk areas was established by Zeng’s team. 
Then this mass screening model was promoted to three high-risk areas in China, 
including Guangxi, Guangdong, and Hainan province; and more than four hundred 
thousand people were screened for NPC [13–16]. In the 1980s, similar methods were 
used to screen and follow up large populations in Guangdong and Taiwan provinces 
[17, 18]. SM Cao et al. performed a prospective screening study of 18,986 subjects 
with a 20-year follow-up in Guangdong province using the same method [6]. 
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This study showed that both VCA-IgA and EA-IgA antibodies were effective serum 
markers for NPC screening in high-risk areas. Thus, this method was considered 
as the standard tool for NPC mass screening in China. However, the IE method for 
detecting EBV antibodies also has disadvantages, such as tedious operation, long 
time consuming, no quality control standard, and subjective influence on manual 
interpretation results. These characteristics made it difficult to consistently perform 
in a large population.

Enzyme-linked immunoassay (ELISA) with many advantages compared with 
the IE method, such as simple operation, automatic detection, and interpretation 
of results by a microplate reader, which have subsequently been applied in NPC 
screening. Many studies about using ELISA for NPC screening were reported. The 
detection of ZEBRA-IgG by ELISA was applied to screen NPC, but it’s specificity 
and sensitivity were lower compared with the detection of VCA-IgA based on IE 
[19]. ELISA-based detection of EBV-related antibodies, such as VCA-IgA, EBNA1-
IgA have also found to be a marker for NPC screening [20–22]. The detection rate of 
one single marker was found to be not ideal, and issues such as the combination of 
indicators for joint detection, the setting of thresholds, and the strategy of screen-
ing intervals were discussed.

In Indonesia, the two-step approach employed the EBV IgA ELISA based on 
a combination of VCA p18- and EBNA1-derived synthetic peptides as an initial 
screening test and the EA-IgA ELISA as a confirmation test. The sensitivity and 
specificity for diagnosing NPC using it significantly increased, as well as positive 
predictive value and negative predictive value [23].

JY Guo et al. evaluated the diagnostic effect of VCA-IgA, EA-IgA and Rta-IgG 
antibody detection alone or Combiningly in NPC. The triple-positive of VCA-IgA, 
EA-IgA and Rta-IgG antibodies suggested the highest risk of NPC, and the triple-
negative of them showed the lowest risk [24].

In Taiwan, the ability of anti-EBV-IgA antibody to detect NPC in a high-risk 
population was evaluated. These markers targeted at the following EBV peptides 
including EBNA1, VCAp18, EAp138, Ead_p47 and VCAp18 + EBNA1 peptide 
mixture. The result showed that EBNA1-IgA was a sensitive biomarker for 
differential diagnosis of NPC. At the same time they identified 80% of the high-
risk individuals who developed to NPC during follow-up (80% sensitivity) during 
measuring at baseline [25].

SM Cao’s team developed a prediction formula to calculate Logit P-value 
with VCA-IgA and EBNA1-IgA as variables (Logit P = −3.934 + 2.203 × VCA/
IgA + 4.797 × EBNA1/IgA). The specificity of the new screening scheme is 
equivalent to traditional screening scheme with the IE method (estimated at 
98.5%), but the sensitivity of former (75.0%) is significantly higher than the 
latter (25.0%) [26]. A total of 28,688 Guangdong residents aged 30–59 years were 
screened by the combination of two EBV antibodies tests in addition to indirect 
mirror examination in the nasopharynx and/or lymphatic palpation (IMLP) in 
Sihui and Zhongshan, Guangdong province China. After one year of follow-up, 
the total detection rate of NPC was 0.14% (41/28,688), and the early diagnosis 
rate was as high as 68.3% (28/41) [27]. After six-year follow-up, the sensitivity of 
the new scheme was 95.7%, with AUC = 0.926 (95% CI: 0.885–0.966). The new 
screening scheme for NPC is verified to be the preferred serum diagnostic strategy 
for long-term screening in high-incidence areas of NPC [28]. For the best interval, 
studies have shown that the incidence of NPC was low in the first few years after 
the negative screening and then it would increase to the general population level. 
Therefore, the screening interval of 4–5 years may be more appropriate than 
9–10 years after VCA-IgA negative detection in NPC screening [29]. The above 
research results were adopted by the Chinese Technical Program of Cancer Early 
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Diagnosis and Early Treatment --Technical Scheme of NPC Screening to guide the 
annual routine population screening in NPC high-risk areas (Figure 1).

However, there are still limitations in NPC screening using EBV antibodies as 
tumor markers. The false-positive rate of EBV serological screening is relatively 
high. The positive rate of EBV antibody in the high-risk areas of NPC is 3% ~ 10%. 
High-risk groups require further examinations, such as nasopharyngeal fibroscopy 

Figure 1. 
Flowchart of NPC screening procedure for nasopharyngeal carcinoma (NPC). EBV, Epstein–Barr virus; ab, 
antibody. Cited by expert group of NPC screening project, expert committee on early diagnosis and treatment 
of cancer project, China. The technical scheme of NPC screening, early diagnosis and early treatment (2015 
edition).
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and nasopharyngeal tissue biopsy. Pathologically diagnosed NPC only accounts for 
1.5% ~ 3.3% of the high-risk population at the initial screening, which further leads 
to a higher false positive rate [27, 30, 31].

3. EBV DNA load detection in plasma or nasopharyngeal swab/brushing

Plasma EBV DNA load detected with polymerase chain reaction (PCR) has been 
also explored to detect early-stage NPC in asymptomatic patients. Research has 
demonstrated that EBV DNA could be quantitatively measured in the blood of NPC 
patients by PCR [32]. A study of 175 patients in New York City found that EBV DNA 
test had much higher specificity and positive predictive value than IgA test alone 
[33]. A systematic review reported that the EBV DNA load test had the largest area 
of 0.932 under the summary receiver operator curve with high sensitivity (73%) 
and specificity (89%), which suggested that EBV DNA detection in plasma could be 
an efficient marker in NPC screening [34].

In Hong Kong, a prospective study of 20,174 participants revealed that EBV 
DNA load in plasma samples was particularly useful in screening for early 
asymptomatic NPC [35]. The participants were ethnically Chinese men at 40 to 
60 years of age. The subjects with initial positive results were detected again after 
about four weeks, while the subjects with persistent positive EBV DNA in plasma 
were performed to check by nasal endoscopy and magnetic resonance imaging 
(MRI). The median duration of follow-up was 22 months (range, 12 to 44 months). 
This study showed that the sensitivity and specificity of this method in NPC 
screening were 97.1% and 98.6% respectively.

However, a study reported that EBV DNA load had a little poor sensitivity and 
specificity for NPC screening among high-risk family members compared with 
EBV-IgA serology [36].

The patients with early NPC may only release a limited amount of viral DNA to 
the blood, making it impossible to detect blood circulation. The potential value of 
plasma EBV DNA detection in screening for early NPC remains controversial. NPC 
mainly originates from epithelial cells in the nasopharynx fossa or posterior wall 
of the nasopharynx. EBV genome can be detected in almost all tumor cells of NPC 
cases [37]. Clonal EBV genome can be continuously detected in invasive cancer and 
precancerous high-grade dysplasia [38]. It is suggested that direct detection of EBV 
genome from nasopharyngeal brushing or swab specimens had highly predictive 
value for screening asymptomatic NPC.

In the 1990s, a prospective study was designed to assess the feasibility of a new 
method for NPC screening by using of PCR coupled with nasopharyngeal swab 
[39]. In this study, 55 patients were enrolled. The result showed that this method 
had a similar sensitivity to serological methods, indicating this new method was a 
good supplement to NPC screening. Nasopharyngeal swab is a quite simple proce-
dure with little discomfort. SP Hao et al. detected the expression of EBV-derived 
latent membrane protein 1 (LMP-1) by nasopharyngeal swab, and he found that 
this strategy could serve as part of a screening program for high-risk populations 
with a sensitivity of 87.3% and a specificity of 98.4% [40]. Raymond’s study has also 
confirmed the effectiveness of this new method of screening for NPC. This study 
performed on 578 patients yielded a sensitivity of 98.9% and a specificity of 99.3% 
with a positive predictive value of 96.9% and a negative predictive value of 99.7% 
[41]. In a prospective and population-based study, the detection of EBV load in the 
nasopharynx by nasopharyngeal swab was demonstrated to be a useful tool as a 
supplement to serological tests [42]. Studies of both Zheng and Zhang also verified 
the same conclusion [43, 44]. Notably, Nasopharyngeal swab detection of EBV load 
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alone should not be used as a mean of NPC screening because of its high false-
positive rate [42]. However, nasopharyngeal swab serving as an applicable sampling 
method for NPC screening is great feasible, but more research will be needed in 
the future.

4. Novel biomarkers/technology for NPC screening

As mentioned above, EBV-related test has been widely used for early NPC 
screening, especially the combination of EBV-antibody VCA-IgA and EBNA1-IgA. 
With the development of research technologies, other biomarkers also develope for 
NPC screening. Liu et al. reported that a combination of PCR and MWCNT-Fe3O4 
nanocomposites had the higher detection rate and higher sensitivity compared 
with the traditional ELISA method [45]. MWCNT-Fe3O4 nanocomposites are 
a combination of multi-walled carbon nanotubes and iron oxide nanoparticles, 
which can provide a large surface areas for antigen–antibody binding. A nested 
case–control study including 20 patients with NPC and 88 normal control showed 
that EBV microRNA BART2-5p had been proved to be a valuable biomarker for 
NPC screening with a sensitivity of 90.9% [46]. Thirteen genes including DNAAF1, 
PARPBP, TTC18, GSTA3, RCN1, MUC5AC, POU2AF1, FAM83B, SLC22A16, SPEF2, 
ERICH3, CCDC81, and IL33 have been associated with NPC detection based on 
comprehensive bioinformatics analyses [47]. A recent study showed that higher 
methylation rates of EGFR and ZNF6671 in circulating cell-free DNA (ccfDNA) 
could predict NPC, which was a potential novel molecular marker for NPC 
screening [48]. However, all these researches need more evidence and more data to 
demonstrate their effectiveness in NPC screening.

Many studies have shown that intestinal flora disruption was associated with 
malignant tumors. C. ramosum bacteria that promotes the secretion of 5-HT was 
found to be a strong risk factor for NPC. The establishment of a disease prediction 
model based on C. ramosum might be used for the prediction of disease risk in a 
high-risk population and early non-invasive screening of NPC [49].

Raman spectroscopy combined with multivariate analysis technology has 
been reported to analyze the sera of NPC patients and healthy individuals. 
In NPC samples, the lipid content, phenylalanine, and β-carotene decreased 
while amide III, tyrosine and tryptophan increased. The changes in these 
biomolecular concentrations may be applied for NPC diagnosis [50]. A unmodified 
nanotechnology based on surface-enhanced Raman spectroscopy was used to 
detect the blood circulating DNA; and the diagnostic sensitivity and specificity for 
differentiating the NPC patients from the normal control were 83.3% and 82.5% 
respeactively. Nanotechnology which was sensitive, rapid, and easy-to-use may 
have the potential to become a better method for NPC detection and screening 
based on liquid biopsy [51].

5. Cost-effectiveness of NPC screening

A Markov stimulation model was constructed to evaluate the cost-effectiveness 
of different screening strategies for serological tests in China. In this study, 
NPC detection rate, cost, quality-adjust life, and incremental cost-effectiveness 
ratio were considered. Results showed that strategy (annual screening for EBV-
seropositive subject, triennial screening for seronegative subjects) was the 
economical and practical option [52]. In 2019, a Markov cohort model was also 
reported to use to estimate the screening for NPC with plasma EBV DNA for 
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50-year-old Asian American men in the United States. The study suggested that 
because of its high false-positive results in high-risk regions and its uncertain 
clinical value in non-endemic areas this method wasn’t the most cost-effective, 
despite its specificity and sensitivity were high [53]. Therefore more research will be 
required in the future.

Studies about NPC screening based on EBV-related test have been widely 
reported, but there are few studies on the association between EBV-antibody 
screening and NPC mortality. Recently a study about prospective, cluster-
randomized, controlled trial in southern China for NPC screening was revealed 
that the combination of EBV antibody EBNA1-IgA and VCA-IgA could effectively 
identify the high-risk population and improve diagnosis of NPC in the interim 
analysis. Although the mortality of the screening group was not significantly 
reduced, the specific mortality of NPC in the screening participants was 
significantly reduced [54]. That was the first report which presented a mortality 
reduction by NPC screening. It is expected to further improve the participation rate 
in the future, and finally confirm the effectiveness of NPC screening based on EBV 
detection.

6. Conclusions and future directions

Due to the hidden location of NPC, it is difficult to diagnose early. Strengthening 
the publicity of NPC prevention and control, popularizing basic knowledge of 
it, and making residents cooperate with screening projects will be way helpful to 
improve the accuracy of early diagnosis rate of NPC. At present, the above screen-
ing methods have positive significance, but they also have limitations regrettably. 
How to make better use of their advantages and disadvantages to carry out local 
screening schemes in different regions is worthy to further exploration. And 
developing faster, simpler, higher true-positive rate and lower false-positive rate 
screening methods and more effective treatment were important ways to improve 
the survival rate and life quality of NPC patients.

Currently, there are few reports from randomized controlled trials (RCT) and 
controlled clinical trials (CCT) to determine the efficacy of screening for NPC 
or the cost-effectiveness of a screening strategy. Future studies with long-term 
follow-up need to systematically assess the impact of the screening methods in 
mortality, assess their ability to detect NPC, evaluate the impact on quality of life 
and cost-effectiveness.
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Chapter 4

Epidemiology and Outcomes of 
Nasopharyngeal Carcinoma
Gamal Abdul Hamid

Abstract

Nasopharyngeal carcinoma (NPC) is a rare head and neck neoplasm worldwide. It 
is common among the southern Chinese with significant geographical variation with 
the highest incidence being in Southeast Asia up to 6.4/100,000 males and 2.4/100,000 
females in these regions and the Epstein Barr virus (EBV) is associated closely with 
NPC. This disease has peculiarities in its etiopathogenesis, presentation, risk of nodal 
and distant metastasis, response to therapy and overall survival (OS) outcomes that 
stand out as compared to other head and neck cancer subsites. NPC is mainly treated 
by RT and is profoundly radiosensitive and radiotherapy treatment is the spine of 
treatment for all stages of NPC without far off metastases. Many advances in RT 
techniques and schedules are attempted to improve outcomes of the disease starting 
from intracavitary brachytherapy, intensity modulated RT to simultaneous modulated 
accelerated RT, all showing some promise with most significant benefit seen with addi-
tion of chemotherapy, especially in intermediate (Stage II) and advanced (Stage III, 
IVA, IVB) cases. At a time when modern radiation treatment like intensity-modulated 
radiotherapy (IMRT) are accomplishing great good local control, distant metastases 
are getting to be the transcendent design of treatment failure, particularly in patients 
with locally progressed illness. There are numerous results from clinical trials looking 
at combined radiation treatment (RT) and chemotherapy for NPC. Survival rates 
significantly differ between NPC patients according to stages of disease.

Keywords: nasopharyngeal carcinoma, epidemiology, risk factors, Epstein-Barr 
virus, clinical outcomes

1. Introduction

Nasopharyngeal carcinoma (NPC) is a rare disease and one of the most common 
types of malignancies that appear in the nasopharynx, which is the narrow tube 
passage behind the nasal cavity and one of the malignancies associated with the 
Epstein-Barr virus (EBV) and is considered one of the malignant and rare tumors 
in most parts of the world and is distinguished by distribution geographical and 
ethnic [1]. In southern China, it is one of the leading causes of death and morbidity. 
Notwithstanding the common burden of NPC in some endemic areas, the etiology 
and prevention of NPC is relatively unknown.

In 1978 the histopathological classification of nasopharyngeal carcinoma 
proposed by the World Health Organization was adopted, which divided tumors 
into three types. Type 1 was typical of squamous cell carcinoma, similar to the 
rest of the upper gastrointestinal tract. The second type included non-keratinized 
squamous cell carcinoma and the third type was undifferentiated carcinoma. In 
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epidemiological research this classification is more applicable and has been shown 
to have a predictive effect. Undifferentiated carcinomas have a higher rate of local-
ized tumor control during treatment and a higher rate of distant metastases.

Among cancers of the head and neck, nasopharyngeal carcinoma is one of the 
most common type of cancers [2]. It is also a virulent disease that has been accounted 
for to occur in many parts of the world with a uniform incidence rate for age and sex, 
one of every 100,000 every year [3]. This malignant growth has an unequal geo-
graphical distribution with the incidence rate on one continent higher than on other 
continents, which was very high in Asia (80%) and 10% in Africa. The rest 10% have 
been accounted for somewhere in the world, and Southeast Asian nations represent 
67% of cancer burden worldwide. In addition to geographical differences, some 
ethnic gatherings might be in danger of creating nasopharyngeal malignancy. For 
example: Bidayuh on Borneo Island, Inuit in the Arctic and Nagas in Northern India, 
with an old norm of more than 16 for every 100,000 every year for men [4].

In non endemic regions, during last 50 years, incidence of poorly or undiffer-
entiated NPC raised [5, 6]. However, this was supposed to be mostly related to the 
increase of migration flows towards these areas from endemic regions rather than 
an augmented exposure of residents to risk factors for NPC development. Indeed, in 
low incidence countries, the risk of development of NPC in immigrants is estimated 
to be around 30-fold greater than in residents. The association between Epstein-
Barr virus (EBV) and nasopharyngeal carcinoma (NPC), has marked geographic 
and ethnic differences in its incidence [7]. The Over population in Asia, responsible 
for the increased rate of death by NPC, from 45,000 (in 1990) to 65,000 (in 2010) 
[8]. In Africa and some regions of East Asia, the nasopharyngeal carcinoma is more 
common and the incidence rate is generally lower from 1 for every 100,000 persons 
[9]. However, there are around 25 per 100,000 people in southern China, which 
is 18% of all cancers [10]. In Asia, NPC occurs in all ages but more common in the 
middle-aged population, although there is a high incidence of cases in children in 
Africa. A study on NPC and EBV showed a particular association between natural 
factors such as viral antibody factors, genetic factors and diet [11].

NPC is one of the highly invasive neoplasia and malignancies that spread early to 
regional lymph nodes [12]. Radiation therapy (RT) is also seen as an essential sup-
portive treatment for management because of the sensitivity of the radiation to the 
type of disease. In advanced stages of disease, chemotherapy (CT) has been used for 
more than 20 years and some studies confirmed the benefit of chemoradiotherapy 
(CRT) in stages II to IV [13].

2. Global trends

In 2012, 86,691 nasopharynx cancer cases occurred in the world and 50,831 
nasopharynx death cases, and in 2018 there were around 130,000 accidents and 
more than 73,000 deaths from nasopharyngeal carcinoma (NPC) worldwide [14]. 
The global NPC incidence and mortality distribution reported very high rates 
(more than 20-30/100,000 men and 10/100,000 women) in Southeast Asia [15], 
some regions of southern China, [16], Singapore, [17] Hong Kong, [18] Taiwan, 
[19] Selected Chinese immigrants (mainly to North America), [20, 21] and the 
Middle East [22]. In most of the western countries, Latin America and Japan that 
are non-endemic areas, the incidence rate of NPC showed less than 1/100,000 [23]. 
Recent studies have shown the incidence of NPC is high in cities like Zhongshan, 
Zhuhai, Hong Kong, and Jiangmen (standard age: 12.8-25 per 100,000 per year for 
men) in southern China [24–26] (Figure 1).
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3. Age and gender

The incidence of nasopharyngeal carcinoma increases two to three times more 
frequently in men than in women [27]. Male predominance in the population is a 
common trait among NPC patients. Male dominance in the incidence of NPC can 
be partly explained by biological or gender differences or different lifestyles in the 
prevalence of some environmental risk factors, such as smoking and hazardous 
occupational exposure [28].

The nasopharyngeal carcinoma incidence in most low-risk groups is consistent 
with increasing age [29]. On the other hand, in the 50 to 59 age group, the incidence 
of NPC increases because these groups are more susceptible, and then decreases 
[30], which is related to the exposure of these groups to carcinogens in the early life 
stages [31].

It can take several decades for nasopharyngeal carcinoma to develop malignant 
cells. After that, the signs appear. Therefore, the outcome of carcinogens exposure 
in early life will have a sizeable effect on the development of this cancer [28].

4. Risk factors

Since the first case of this malignancy was recorded in 1901 [32], the etiology 
of the NPC has not been identified as a mystery. Risk factors for NPC, most com-
monly in men [33], include a family history of NPC, EBV infection, low intake 
of fresh vegetables and fruits, high consumption of salt-canned fish, smoking 
and Cantonese races [34]. On the other side, a reduced risk may be associated 
with a history of infectious mononucleosis (IM) and HLA genotypes [35]. Other 
potential risk factors are the genetic polymorphism in glutathione S-transferase 
M1 (GSTM1), GSTT1, cytochrome P450 2E1 (CYP2E1) and CYP2A6 [36], possibly 
high consumption of other preserved foods [37, 38] and the history of chronic 
respiratory diseases. The exposures to dust and formaldehyde, nickel exposure and 
consumption of herbal medicine are less established risk factors [39].

Figure 1. 
Incidence of Nasopharyngeal carcinoma (2012) (GLOBOCAN 2012) [26].
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4.1 Epstein-Barr virus (EBV)

The relationship of NPC to EBV-associated is known and proven, and EBV 
infection is one of the common infectious agents in the population. This relation-
ship concluded the hypothesis that an EBV subtype of NPC plays a role in increas-
ing the incidence of NPC in the epidemic regions. The association between EBV 
infection and nasopharyngeal carcinoma is very strong and has been demonstrated 
in several studies [40].

In the nucleus of malignant cells there are approximately 30 copies of the EBV 
gene. Most versions refer to the presence of "small circular chromosomes" called 
episomes. In some cases, these episomes are adjacent to the viral DNA releases. 
The use of serological and virological tests is recommended to diagnose and study 
the populations at risk. In areas with an increased incidence of nasopharyngeal 
carcinoma, high levels of IgA antibodies with EBV capsid antigen and Epstein-Barr 
nuclear antigen are considered to be a valuable screening test or the new prediction 
model combining VCA/IgA and EBNA1/IgA which will improve diagnosis of NPC 
and could identify high-risk population [41].

4.2 Familial history and genetic susceptibility

It is known that families with a history of cancer, particularly nasopharyngeal 
carcinoma, are 4 to 10 times more likely to develop nasopharyngeal carcinoma. Some 
studies have reported that familial clustering is stable in areas with a high incidence of 
NPC [42] and in areas with low to moderate incidence [43]. In southern China, where 
NPC is endemic, more than 5% reported NPC with a positive family history of NPC in 
cases with first-degree family history [44]. Evidence and studies of previous case con-
trol studies have shown indifferent populations that the odds ratios for people between 
2 and 20 with history of NPC and history of first-degree family were compared to 
people without such a medical history [45]. This size of association is among the high-
est in any malignant disease. In nasopharyngeal carcinoma the genetic research focuses 
on genes of human leukocyte antigen. Where it occurred in subjects with presence of 
EBV and weak HLA allele, the antigens likely increased the risk of developing naso-
pharyngeal carcinoma. The development of NPC less likely in people with the presence 
of EBV associated with strong HLA allele. In etiology of NPC, it is possible that genet-
ics and environmental exposure play a common role. Four correlation studies with 
susceptibility sites of 4p15.1_q12, 6p2153, 3p21.31e21.2 and 5p13 in NPC families of a 
single major susceptibility gene were observed and reported, supported by the results 
of NPC complex family segregation analysis, indicating that this the pathogens of NPC 
includes the interaction of many environmental and genetic factors [46, 47].

The genetic factor is one of the notable features of the race distribution in the 
cantonese population. The shared roles of environmental factors, lifestyle and 
genetics should not be ignored. Whether familial NPC cases differ significantly 
from sporadic cases in terms of clinical features (such as histopathology, stage 
of disease, and prognosis), gender, race, age, EBV sera, genetic risk factors, and 
environmental risk factors [48].

4.3 Exposure to carcinogens

4.3.1 Salt-preserved foods and fish

Several studies have reported that eating fish with salt is considered a risk factor 
for cancer. For the Chinese, the relative risk of developing pharyngeal cancer is 
lower among weekly consumers than those who use very little or no salt-canned 
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fish. Overall it was about 1.4 to 3.2 [36, 37]. The relative risks are between 1.8 and 7.5 
for those who consume daily [49, 50]. The risk of developing nasopharyngeal carci-
noma is higher with other canning foods such as fruits, vegetables, eggs and meat in 
Southeast Asia, Southern China, the Middle East, North Africa and the Arctic [51]. 
This preservative food is also implicated in people found in low-incidence areas of 
northern China and the United States [52].

4.3.2 Exposure to smoking and occupational products

The direct relationship between nasopharyngeal carcinoma and smoking was 
confirmed by reports that people who had smoked cigarettes for ten years or more 
were more likely to develop NPC [53]. Several studies have confirmed that cigarette 
smoking is linked to nasopharyngeal carcinoma. The relationship pattern between 
the risk of developing nasopharyngeal carcinoma and smoking depends on the 
dose, especially in well-differentiated nasopharyngeal carcinoma [54]. Lin et al. 
[55] compared the surroundings of NPC patient with those of neighboring controls 
in Taiwan and found that cigarettes were smoking and working in poorly ventilated 
rooms was closely related to the NPC.

Another study found that long-term cigarette smoking was linked to the NPC, 
but only to a minor extent exposure to cigarette smoke through passive exposure to 
smoking and alcohol consumption is not associated with a disease risk [56].

4.3.3 Oral hygiene

There is a connection between poor oral hygiene in the elderly and cancers of the 
head, neck, esophagus and stomach [57]. In NPC, periodontal disease can increase 
recurrent inflammation and thus increase possibility of developing NPC as the 
inflammatory response may be on the way to promoting carcinogenesis, Zhiwei Liu 
et al 2016 suggested poor oral health may increase risk of NPC [58]. In addition, 
When more teeth are lost, the bacterial load also increases. Some types of bacteria 
are involved in the increased production of nitrosamine, which is thought to be 
carcinogenic and has been linked to the development of NPC. Poor oral hygiene can 
also increase the risk of NPC by EBV stimulation and proliferation, as evidenced by 
higher viral loads in people with periodontitis more than others [59].

4.3.4 Other risk factors

The relationship between alcohol consumption and nasopharyngeal carcinoma 
has been documented in complicated ways. Several studies have documented that 
there is no clear confirmation of a relationship between the risk of nasopharyngeal 
carcinoma and alcohol consumption [60]. Other studies confirmed the relation 
between nasopharyngeal carcinoma and the exposure to wood dust. Several studies 
have shown an increased risk of developing nasopharyngeal carcinoma after expo-
sure to formaldehyde [61]. Exposure to other chemicals or stimuli such as smoke, 
steam, cotton dust, chemicals, flammable products, or solvents such as chlorophe-
nol and phenoxy acid increases the risk of developing nasopharyngeal carcinoma 
[62]. An association between nasal cavity and sinus cancer and the textile work 
has also been reported [63]. In addition, several other non-dietary risk factors 
for nasopharyngeal carcinoma have been included [64]. It has been reported that 
occupational exposure to combustion products and cotton dust is independently 
related to NPC risk. The risk of developing NPC also increases through occupational 
exposure to formaldehyde and not through exposure to wood dust [65]. However, 
this association appears to be specific to squamous cell carcinoma. In addition, 
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eating canned foods has been linked to NPC at a young age and risk in all popula-
tion groups [33]. Studies and data on inhalation of different types of smoke/fumes/
dust show that inhalants can play an important role, although they can secondary as 
a catalyst is the high incidence of NPC in various geographic regions of the world.

5. Treatment

5.1 Radiation therapy

Radiation therapy is the first type of cancer treatment method for non-invasive 
nasopharyngeal carcinoma (NPC) due to anatomical limitations and high sensitiv-
ity to radiation. One of the treatment method is with two-dimensional radiation 
therapy (2DRT), which has been converted to 3D compliant radiation therapy, 
and particularly highly modified radiation therapy (IMRT), is an important step 
forward in the treatment of NPC.

IMRT use was first reported in 2000 by the University of California at San 
Francisco. The results with 100% local control and a 4-year operating system are a 
dramatic 94%.

The second phase of II trails 0225 by the Radiation Oncology Group then 
showed that it is possible to transfer IMRT to a multi-institutional setting [66]. 
Three comparative randomized trials studies of IMRT and 2DRT have been applied. 
Chen et al. The studies confirmed a significant improvement in the therapeutic 
ratio by IMRT: The use of IMRT in patients with NPC demonstrated an improved 
terminal therapeutic ratio compared to 2DRT over a follow-up period of more than 
10 years with significant improvement in OS, FFS, and L-FFS [67].

5.2 Adjuvant and neoadjuvant chemotherapy

While chemotherapy given concurrently with RT offers consistent benefits, the 
adjuvant chemotherapy role after alternative chemoradiotherapy is uncertain. The 
chemotherapy induction attempts for cases with local metastasis which include 
concomitant chemotherapy and radiation therapy, followed by adjuvant chemo-
therapy, in which an increased rate of NPC relapse in remote locations was observed 
in a large proportion of patients. These studies have shown the usefulness of this 
strategy for the OS. The administration of adjuvant chemotherapy was associated 
with significant toxicity, with 25-45% of the patients exhibiting high grade toxici-
ties [68]. In addition, some research studies evaluating chemoradiotherapy proto-
cols without adjuvant chemotherapy which provided similar results to studies using 
simultaneous and adjuvant chemotherapy, raising questions about the actual results 
and benefits of adjuvant chemotherapy for NPC control [69].

In theory, novel chemotherapy can prevent micrometastases earlier and also 
facilitate the mapping of RT by decreasing local metastasis, especially in large 
tumors. So far, phase III studies on novel adjuvant chemotherapy with post-
radiation therapy alone have proven no difference in OS compared to RT [70]. An 
up to date meta-analysis of MAC-NPC contained data from a number of induction 
chemotherapy studies and showed statistically excellent results in survival with-
out disease progression, but not in OS [71]. Increased cases with leukopenia and 
neutropenia rates observed during the CRT period [72]. This confirms the primary 
interest in the new induction/adjuvant approach, which could interfere with the 
delivery of chemotherapy with effective doses and/or radiation therapy during 
the period of CRT or increased toxicity and outweigh the potential benefits of the 
induction-based approach.
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5.3 Treatment in advanced NPC

Although chemotherapy concurrently with radiation has resulted in many 
improvements with significant outcomes in NPC patients, and improve survival in 
locally advanced NPC over 5 years in 50-70%. A large proportion of patients have 
relapsed either locally or in distant sites, or both. Adding more chemotherapy drugs 
to available protocols is not a viable approach as CRT already exhibits significant 
toxicity. Instead, more research aims to identify the possibility of recurrence or 
relapse before treatment or at the end of the CRT assessment, who can focus on 
additional research methods. Second, the use of personalized target therapy in 
conjunction with radiation therapy or chemotherapy is assessed.

In NPC patients, the epidermal growth factor receptor (EGFR) overexpression is 
80% or more and associated with lower survival results [73]. Adding of cetuximab, 
a monoclonal chimeric antibody in patients with squamous cell carcinoma of the 
head and neck against EGFR in conjunction with RT of HNSCC in locally advanced 
stages, which reported improvement and significant in OS in comparison to RT 
alone [74]. The evaluation of cetuximab in concurrent with radiation therapy in 
comparison to standard CRT in NPC patients has not proven to be more effective 
due to the association with increased rates of mucositis [75]. The combination of 
IMRT radiation therapy and weekly cisplatin with cetuximab was more effective in 
patients in advanced stages [76].

5.4 Palliative chemotherapy for metastasis and relapses NPC

Palliative chemotherapy is very important and plays role in control of disease 
and keep patients in good conditions as well as in extending survival of patients 
with NPC metastases as NPC is very sensitive to chemotherapy cancer. Standard 
treatment includes chemotherapy with platinum in combination with other drugs 
such as 5-FU with cisplatin/carboplatin and paclitaxel with gemcitabine. Patients 
treated for long time with platinum chemotherapy, can achieve a significant 
response with rates of up to 80% and an average survival rate of 12 to 18 months 
[77]. There is a significant correlation between higher response rates with a com-
bination therapy regimen than monotherapy, and platinum is a good treatment, 
but it is not the main criterion or standard treatment. Regardless of the treatment 
regimen chosen for the first line, the average progression time after 7 to 10 months 
remains relatively constant [78, 79]; This is related to the development of platinum 
resistance. The response rates for a triple therapy with paclitaxel/carboplatin/
gemcitabine are impressive and close to 80%. However, the average response time is 
about 8 months, similar to two drug regimens [80].

5.5 Novel therapies: molecular-targeted agents

The past 10 years have seen the development of new treatments for NPC and 
this has been somewhat simultaneous with the development of treatment for other 
cancers. Little progress has been made in recent years beyond the usual cytotoxic 
approaches. EGFR-mediated signaling pathways inhibited by the molecular fac-
tors that lead to inhibition of cell growth and cell apoptosis which include tyrosine 
kinase inhibitors, for example gefitinib and monoclonal antibodies [81].

In a number of centers, Ueda and colleagues [82] investigating a combination 
treatment of carboplatin, paclitaxel and cetuximab in patients with metastatic or 
recurrent or with repeated platinum-resistant NPC showed good survival benefit, 
an overall response rate reach to 64 % and a median OS of 29.1 months with fol-
low up for 30 months. The treatment with gefitinib had little response rates in 
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metastatic and recurrent NPC treated previously with platinum-based chemo-
therapy. The symptomatic improvement and disease stabilization were observed in 
some cases [83].

Multikinase inhibitors target tyrosine kinases such as fibroblast growth factor 
receptor (FGFR), platelet-derived growth factor receptor (PDGFR) and vascular 
endothelial growth factor receptor (VEGFR) and drugs such as pazopanib (VEGFR, 
PDGFR, FGFR, c-KIT), sorafenib (VEGFR, PDGFR, Raf kinases), and sunitinib 
(PDGFR, VEGFR, C-KIT), have been evaluated in NPC [84, 85].

6. Mortality and survival

6.1 Mortality of NPC

Global mortality rates of NPCestimated 51,000 deaths in 2012 among females 
and males were 0.04 per 10, 000 and 0.1 per 10,000, respectively.

The mortality rate were high in Southeast Asia, East Asia, East Africa North 
Africa and Micronesia. Nasopharyngeal carcinoma is the native cancer of Southeast 
Asia and the countries with the highest mortality were Malaysia, Singapore, 
Indonesia, Vietnam, and Brunei [26] (Figure 2).

6.2 Survival patterns of NPC

Early diagnosed NPC patients respond very well to radiation, and this treat-
ment shows promise. Radiation therapy is the strategy treatment for treating NPC. 
However, approximately 70% of stage III or IV NPC patients are exposed to a local 
and/or regional condition of distant metastases or recurrences after radiation 
therapy [86]. Treatment with combination of chemotherapy and radiation therapy 
often required for advanced NPC [87].

Studies have shown that intensity modulated radiation therapy (IMRT) often 
produces larger radiation dose distributions corresponding to improved tumor 
exposure and allows for lower doses of normal tissue for a variety of cancers that 

Figure 2. 
Mortality rate of nasopharyngeal carcinoma in Asia in 2012 (GLOBOCAN 2012) [26].
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occur in the head and neck area [88]. In addition, the prognosis of NPC associated 
with many factors are, including age, sex, TNM stage, histology, radiation dose, 
leukopenia and anemia, and the type of combined chemotherapy [89]. Therefore, 
minimizing the risk of late complication and distant metastasis and maximizing the 
local control should be the key objects in designing future treatment.

7. Conclusions

Nasopharyngeal carcinoma is a rare head and neck malignancy and the native 
malignancy of Southeast Asia. Nasopharyngeal carcinoma (NPC), predominantly 
associated with Epstein-Barr virus (EBV), is characterized by remarkable geo-
graphical and racial differences in its incidence. The incidence of NPC is generally 
less than 1 per 100,000 individuals; however, in southern China it is around 25 per 
100,000 individuals, accounting for 18% of all cancers. Epidemiological studies 
over the past few decades have shown a gradual decrease in incidence and a marked 
decrease in NPC mortality. However, the rise in population in Asia has increased the 
number of deaths caused by NPCs from 45,000 in 1990 to 65,000 in 2010.

The development of image diagnostic techniques and introducing chemoradio-
therapy (chemo-IMRT) followed by adjuvant chemotherapy resulted in excellent 
locoregional control and increased survival rates among patients with NPC.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Diagnosis and Therapy of 
Nasopharyngeal Carcinoma
Tingting Huang, Zhe Zhang and Xiaoying Zhou

Abstract

Nasopharyngeal carcinoma (NPC) is a malignancy with unique biological and 
clinical characteristics. It has highly associated with Epstein–Barr virus (EBV) 
infection and is sensitive to radiotherapy. Due to the extreme relevance between 
EBV infection and incidence of NPC, testing antibodies against EBV has been 
applied to screening “high-risk” populations of NPC. The pathological diagnosis of 
nasopharyngeal biopsy is the gold standard for the diagnosis of NPC. Radiotherapy 
has been recognized as the first choice for NPC treatment. With the improvement 
of intensity-modulated radiation therapy (IMRT), the 5-year disease-specific sur-
vival rate in NPC patients at an early stage has reached 95%. However, the efficacy 
brought by radiotherapy has reached the bottleneck in advanced patients. Recently, 
the 5-year overall survival rate was increased around 60-80% in locoregionally 
advanced NPC patients by introducing concurrent chemoradiotherapy. In addition, 
molecular targeted therapy and immunotherapy have been introduced to many 
clinical trials. In this chapter, we mainly focus on the current early screening and 
diagnosis of NPC patients, and the development of therapeutic approaches.

Keywords: nasopharyngeal carcinoma, population-based screening, symptoms, 
diagnosis, treatment

1. Introduction

As a part of the pharynx, the nasopharynx lies behind and communicates with 
the nasal cavities. It is up to the cranial base, down to the soft palate plane, forward 
through the back of the nose to the nasal cavity, and pharynx tonsils in the back-
ward. Behind the inferior turbinate, there is an opening of the eustachian tube, 
which leads through the nasopharynx to the tympanic cavity. A recess in the lateral 
of the pharyngeal wall extending posteriorly to the opening of the eustachian tubal 
torus, which is called Fossa of Rosenmüller, is the predilection site of nasopharyn-
geal carcinoma (NPC).

As one of the malignant head and neck cancer, NPC arises from epithelial cells 
within the nasopharyngeal mucosa, with a unique geographical and ethnic dis-
tribution.. Epstein–Barr virus (EBV) infection, carcinogen exposure, and genetic 
susceptibility contribute to the carcinogenesis of NPC. In the endemic area, more 
than 95% of NPC patients were EBV positive, therefore, testing antibodies against 
EBV or cell-free EBV DNA has been established for screening assays targeted 
“high-risk” populations of NPC. Nasopharyngeal endoscopy is recommended for 
EBV-seropositive individuals to find out NPC patients at an early stage. The com-
mon clinical symptoms of NPC were nasal congestion, bloody nose, hearing loss, 
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and headache, but not specific at early stages. At present, the pathological diagnosis 
of nasopharyngeal biopsy remains the golden standard for NPC. Most undifferenti-
ated NPC is moderately sensitive to radiation therapy, leading it the first choice 
for NPC treatment. Taking advantage of accurate staging systems, modern radio-
therapy techniques, and concurrent chemotherapy, the locoregional control and 
overall survival of NPC patients have substantially improved along with the decline 
of treatment-induced toxicity in the past two decades. However, residual/recurrent 
disease and metastatic disease are still crucial challenges in managing NPC.

1.1 Epidemiology

Globally, NPC is uncommon cancer with approximately 129,000 new cases 
reported in 2018 and accounting for 0.7% of all cancers [1]. The incidence of NPC is 
relatively concentrated, about 80% of NPC occurs in Asia, and China accounts for 
almost half of the total [2]. For instance, the incidence rate in North America and 
Europe is less than 1/100,000 person-years, but greater than 20/100,000 person-
years in Southern China and Southeast Asia [3, 4]. Importantly, NPC incidence is 
higher in males than in females, with a ratio of 2-3 [5]. The age-specific incidence of 
NPC is different from other types of cancer as well. The bimodal distribution of age 
showed two peaks between 16 and 20 and 45-60 years [3]. Besides, family aggregation 
is a characteristic of NPC in the endemic area which is well documented [6, 7]. Even 
people migrate from Southern China to non-endemic areas, the incidence remains 
high, suggesting that genetic inheritance is one of the main factors for NPC patho-
genesis. However, the reduced incidence has been observed in second-generation 
migrants [8]. In addition, according to recent epidemiology studies, the global inci-
dence of NPC is also declining gradually [9–11]. These findings indicate that lifestyle 
alterations are highly correlated with the pathogenesis of NPC.

1.2 Etiology

So far, the etiology of NPC is not fully clear. It is widely accepted that genetic 
susceptibility, EBV infection, and exposure to harmful carcinogens such as intake 
of salted fish and preserved food, etc., are the main pathogenic factors for NPC. 
The single factor mentioned above can not induce the occurrence of NPC in animal 
models, therefore all these factors contribute together and their interaction might 
be more important and worth deeply understanding [12]. Recently, poor oral 
hygiene has been proposed as a risk factor for NPC [13]. The composition of the oral 
microbiome is shown to be different between NPC patients and their population-
based controls [14]. Moreover, the anaerobic metabolites of F. nucleatum, n-butyrate 
acid is a strong lytic-cycle inducer of EBV [15]. More potential pathogenic factors 
are being discovered.

In the endemic area, almost all NPC patients are associated with EBV infection 
and are more sensitive to radiotherapy [16]. Besides, it is difficult to achieve effec-
tive treatment by surgery in NPC patients, because the anatomy of the nasopharynx 
is concealed and the peripheral nerves and blood vessels, and more than 80% of 
patients show lymph node metastasis at the time of diagnosis [17, 18]. Therefore, 
radiotherapy is the first choice in the treatment of NPC. At present, the local control 
rate of NPC patients under radiotherapy exceeds 90%, and the 5-year survival rate 
is close to 80% [19, 20]. It is noteworthy that early diagnosis is a key point. The 
earlier diagnosis of NPC patients, the greater improvement of survival [21]. To date, 
distant organ metastasis remains the largest obstacle and the main factor of failure. 
In this chapter, we mainly introduce the early population screening of NPC in the 
endemic area, as well as the approaches for NPC diagnosis and treatment.
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2. Population screening of NPC

As literature reported, before the clinical onset of NPC, the serological EBV 
antibody level has already been sustained elevated within a window of 37 months, 
which serves as an efficient screening biomarker [22]. At present, serologi-
cal detection of EBV, testing the titers of viral capsid antigen (VCA)-IgA, early 
antigen (EA)-IgA, and EBV nuclear antigen 1 (EBNA1)-IgA antibodies of EBV is 
widely used in the mass screening of NPC in an endemic region, which is helpful 
for early diagnosis [23–25]. No matter using the traditional immunofluorescent/
Immunoenzymatic assays or enzyme-linked immunosorbent assays (ELISA) assay, 
once the elevated EBV-IgA were detected in screening participants, they were 
defined as “high-risk” objects of NPC. Next, an indirect mirror examination in 
the nasopharynx and/or lymphatic palpation should be carried out. If abnormal 
enlargement of the lymph node in the upper neck and elevate, rough nasopha-
ryngeal surface were observed, the objects will be concluded as suspicious NPC 
patients. Further fiberoptic endoscopy and biopsy are necessary for diagnosis [25]. 
The benefit of screening was illustrated by finding early NPC cases.

Scientists are devoted to improving the methods of detecting EBV to enhance 
the effectiveness of screening. For instance, collecting nasopharyngeal swabs for 
additional nasopharyngeal EBV DNA load analysis could effectively reduce the 
“high risk” population who needed follow-up examination [26]. Recently, utilizing 
circulating cell-free EBV DNA has been proposed for early NPC screening, with 
sensitivity and specificity as 97.1% and 98.6%, respectively [27].

3. Symptoms and diagnosis of NPC

Due to the concealed anatomical location of NPC, most cases show no specific 
symptoms at all when the disease is initiated, until they present lymph node 
metastasis, typically in the neck. Thus, most of the patients missed the opportunity 
of diagnosis at the early stages.

3.1 Symptoms of NPC

NPC usually occurs in the lateral walls, it grows either within the nasophar-
ynx or extends outward. Being a malignant tumor, NPC can infiltrate or invade 
surrounding structures, for instance, the base of the skull, the palates, nasal 
cavity, and the oropharynx. The most common presenting symptom is cervical 
lymph node enlargement, followed by nasal, aural, and neurological symp-
toms. Among them, the most noteworthy early symptoms of NPC are the first 
retracted snot with blood in the morning, which is often overlooked by patients. 
Enlargement of NPC within the nasopharynx may cause nasal obstruction-
related symptoms, such as congestion, and bleeding. A blockage of the eusta-
chian tube may lead to unilateral tinnitus, hearing loss, and catarrhal otitis 
media. The brain nerve invasion or skull base bone damage by NPC are often the 
causes of headaches [28].

3.2 Diagnosis

The detection of NPC is based on clinical symptoms and physical examination, 
but a definitive diagnosis requires a biopsy of the lesion. The first choice of the 
diagnosis of the primary NPC is biopsy under the nasopharynx endoscope [28]. 
Cervical lymph node biopsy by fine-needle aspiration should only be used when the 
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pathological finding in primary tumor biopsy is negative but remains highly suspi-
cious of NPC. Combining with EBV encoded small RNAs (EBERs) in situ hybridiza-
tion examination could help clinical doctors promptly identify the primary lesions 
[29]. To further assess the tumor size and location, a series of radiologic tests, 
including computed tomography (CT) scans and magnetic resonance imaging 
(MRI) of the head and neck are required. This provides additional but necessary 
information for evaluating the stage of NPC.

Currently, the staging system of NPC is the eighth edition of the International 
Union Against Cancer (UICC) and the American Joint Committee on Cancer 
(AJCC) TNM Classification, based on the tumor-node-metastasis (TNM) criteria 
(Table 1) [30]. This system is an important guideline for the treatment, as well as 
the basis for evaluating the treatment outcomes of patients. With the development 
of imaging techniques and treatment approaches for NPC patients, the TNM clas-
sification systems will be significantly refined again. Notably, monitoring plasma 
EBV DNA and circulating tumor cells (CTC) can further improve the prediction of 
prognosis [31, 32].

Primary tumor (T)

TX Primary tumor cannot be assessed.

T0 No tumor was identified, but EBV positive cervical node(s) involvement.

T1 Nasopharynx, oropharynx, or nasal cavity without parapharyngeal extension.

T2 Parapharyngeal extension, adjacent soft tissue involvement (medial pterygoid, lateral 
pterygoid, prevertebral muscles.

T3 Bony structures (skull base, cervical vertebra) and/or paranasal sinuses

T4 Intracranial extension, cranial nerve, hypopharynx, orbit, extensive soft tissue 
involvement (beyond the lateral surface of the lateral pterygoid muscle), parotid 
gland.

Lymph nodes (N)

NX Regional lymph nodes cannot be assessed.

N0 No regional lymph node metastasis.

N1 Unilateral cervical, unilateral or bilateral retropharyngeal lymph nodes, above the 
caudal border of cricoid cartilage;≤6 cm.

N2 Bilateral metastasis in lymph node(s), 6 cm or less in greatest dimension, above the 
caudal border of the cricoid cartilage.

N3 >6 cm and/or below the caudal border of the cricoid cartilage (regardless of 
laterality).

Distant metastasis (M)

M0 No distant metastasis.

M1 Distant metastasis.

Group staging

I T1N0M0

II T1N0M0; T2N0-1 M0

III T1-2N2M0; T3N0-2 M0

IV IVA: T4 or N3M0; IVB: Any T Any N M1

Table 1. 
The UICC/AJCC staging system for nasopharyngeal carcinoma (8th edition).
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3.3 Pathological classification

Histologically, NPC cells are regarded to be squamous in origin, but with a high 
background of lymphoid cells. According to the world health organization (WHO), 
NPC was categorized into three types: nonkeratinizing carcinoma, keratinizing 
squamous cell carcinoma, and basaloid squamous cell carcinoma [33]. In the 
endemic areas, over 95% of the cases belong to the nonkeratinizing type, while less 
than 5% belong to the keratinizing squamous cell carcinoma type, and basaloid 
squamous cell carcinoma type is extremely rare. On the contrary, in nonendemic 
western countries like the United States, keratinizing squamous cell carcinoma 
accounts for more than 25% of NPC cases [34, 35].

4. Treatment of NPC

NPC is relatively sensitive to ionizing radiation, and radiation therapy (RT) 
is the mainstay modality of curative-intent treatment for patients with the non-
disseminated disease. The 5-year disease-specific survival rate in stage I NPC is 
now expected to be around 95% with IMRT alone [36]. By introducing concurrent 
chemoradiotherapy to patients with locoregionally advanced diseases, the 5-year 
overall survival rate was around 60-80% recently [37]. Researchers are making 
exploratory effects on molecular-targeted medicine and immunotherapy in the 
treatment of NPC. Several encouraging results from clinical trials will be dis-
cussed below.

4.1 Radiation therapy

The ideal modality of RT should fully cover the complex-shaped gross tumor 
with high doses needed for eradication while providing maximum sparing for 
adjacent organs. Photon-based radiotherapy techniques have evolved from con-
ventional two-dimensional (2D) radiotherapy to 3D conformal radiotherapy and 
intensity-modulated radiation therapy (IMRT). Charged particle therapy is gaining 
more and more attention in the treatment of NPC, especially the locoregionally 
advanced disease.

IMRT technique allows for the conform radiation dose to deliver precisely to a 
gross tumor and minimize the dose to adjacent normal tissues by controlling the 
intensity of the radiation beam. There is compelling evidence from numerous ran-
domized controlled trials (RCTs) reporting a superiority of IMRT over conventional 
techniques. Over 90% 5-year locoregional control rate and 80% of overall survival 
rate were achieved, along with significant protection of the saliva gland and reduc-
tion of other radiation-induced complications [38–44]. Compared with 2D or 3D 
radiotherapy, IMRT was significantly associated with better 5-year locoregional 
control and overall survival [45].

Despite the rapid improvement in radiotherapy techniques, successful RT of 
NPC relies on precise delineation and accurate dose delivery to the gross tumor 
volume (GTV), clinical target volume (CTV), and critical organs at risk (OARs) 
[46]. Advanced imaging techniques, such as MRI, CT, 18F-fluorodeoxyglucose 
(18F-FDG)-positron emission tomography (PET)/CT, and fusion of images from 
different techniques with the planning CT images of radiotherapy, together with 
endoscopy and clinical examination are most commonly used for facilitating pri-
mary GTV delineation. The international guidelines and consensus have recently 
been propounded for the delineation of CTV and OARs, allowing improved consis-
tency and providing helpful references in NPC radiation management [41, 47–49]. 
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Besides, the application of automation, deep learning, and artificial intelligence  
has been investigated currently [50–52]. It will be an integral piece of RT to  
improve accuracy, consistency, and cost-efficiency while reducing labor-intensive 
costs soon.

4.2 Chemotherapy in non-metastatic NPC

While stage I NPC is treated by IMRT alone with little doubt, locoregionally 
advanced disease (stage II to stage IVB) requires the combination of chemotherapy 
with comprehensive consideration [53, 54] (Table 2). The modalities of chemo-
therapy include concurrent chemoradiotherapy (CRT), adjuvant chemotherapy, 
and induction chemotherapy, while the regimens vary between studies/centers.

For stage II NPC, the National Comprehensive Cancer Network (NCCN) 
guideline suggests RT plus concurrent chemotherapy ± sequential chemotherapy, 
whereas the EHNS-ESMO-ESTRO clinical practice guideline proposes concurrent 
chemoradiotherapy (Table 2). The controversy between the two guidelines may 
partly reflect the contentious evidence from numerous clinical trials based on dif-
ferent RT techniques [2, 55–57]. In the IMRT era, many recently retrospective stud-
ies and meta-analyses demonstrated that RT alone might be sufficient for patients 
with stage II disease to achieve desirable long-term outcomes and avoid increased 
toxicity [58–61].

There is a consensus among guidelines that concurrent chemoradiotherapy ± 
sequential chemotherapy may be mainstay treatment in stage III to IVB diseases 
with a remarkable survival benefit [2, 48]. Recently, a study based on 7,940 patients 
from 27 trials suggests that patients treated with induction-concurrent CRT (IMRT) 
gained the highest overall survival, progress-free survival, and distant metastasis-
free survival [62]. To date, induction-concurrent CRT is becoming more and more 
important in treating locoregionally advanced NPC and adopted by many treat-
ment centers. Several ongoing trials (NCT01536223, NCT01872962, NCT02512315, 
NCT 03306121, and NCT03503136) comparing induction-concurrent CRT and 
concurrent CRT with detailed combinations of different regimens, such as taxane, 
cisplatin, and 5-fluorouracil are anticipated, which results would provide further 
evidence for clinical practice.

Stage (8th 
Eda)

NCCN (v2.2020b) EHNS-ESMO-ESTRO (2012c)

Stage I Radiotherapy (RT) alone RT alone

Stage II RT plus Chemotherapy (C):
Concurrent C + Adjuvant C (2Ad)

RT + C: Concurrent (I, Be)

Stage III or Induction C + Concurrent C (2A) RT + C: Concurrent ± Adjuvant (I, A)

Stage IVA-B or Concurrent C (2B) RT + C: Concurrent ± Adjuvant (I, A)
or Induction C + Concurrent C (II, B)

Stage IVC C alone or RT + C
aStage: American Joint Committee on Cancer (AJCC) – TNM Staging System for the Nasopharyngeal Carcinoma 
(8th ed. 2017).
bNational Comprehensive Cancer Network (NCCN) Guidelines Version 2.2020.
cEHNS-ESMO-ESTRO Clinical Practice Guidelines (2012).
dNCCN Categories (1-3) of Evidence and consensus.
eLevel of evidence (I-V) used in the EHNS-ESMO-ESTRO Clinical Practice Guidelines.

Table 2. 
Treatment strategies for different stages.
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4.3 Disease surveillance, management of residual/recurrent disease

Close follow-up for NPC patients is essential in terms of disease surveillance. 
Despite relatively desirable treatment outcomes among solid cancers, unfortu-
nately, about 10-20% of NPC patients will suffer from residual disease or develop 
recurrent disease after primary treatment, T4 disease among them is reported with 
up to 45% local recurrence rate [43, 63–67]. Early detection is critical given that 
extent of relapse determines the chance of salvage, and patients with T1-T2 recur-
rent disease are more likely to achieve long-term benefit [68, 69]. Initial assessment 
of residual disease is usually conducted at 12 weeks after the completion of RT or 
CRT [70, 71]. A detailed history and physical examination, nasopharyngoscopy 
(with/without biopsy), and radiation imaging (CT/MRI/18F-FDG-PET-CT) are 
highly recommended in a comprehensive response assessment. Recently, the post-
treatment plasma EBV DNA is considered for monitoring for NPC in the context of 
locoregional failure, distant metastasis, and survival [72].

Emerging evidence suggests that aggressive salvage modalities might increase 
the chances of better prognosis among patients with recurrent NPC [68, 73, 74]. 
Neck dissection is widely recommended for isolated regional failure. Re-irradiation 
is considered for a tumor that recurs more than one year after the completion of 
primary RT. In contrast, salvage surgery is esteemed if the one recurs within one 
year and is resectable.

4.4 Management of metastatic disease

Patients with metastatic NPC have various clinical characteristics and out-
comes. Around 10% of newly diagnosed NPC patients present with synchronous 
distance metastases. Unfortunately, up to 15%-30% of the non-metastatic NPC 
patients will experience distant failure after primarily curative treatment [2, 48]. 
Compelling evidence suggests these patients may achieve a median overall survival 
of 10-15 months by receiving palliative chemotherapy. The overall survival can be 
improved among those who are indicated for locoregional RT and local treatment of 
metastatic lesions [63, 75–81]. Thus, a personalized treatment strategy is necessary 
for metastatic NPC. Researchers and clinicians have made a hard effort to build up 
predictive models for prognosis to stratify risk groups and provide treatment strate-
gies accurately [82–87].

Recommending by NCCN guideline, the first-line regimens of systemic therapy 
for NPC patients with recurrent, or unresectable, or metastatic disease are cispla-
tin plus gemcitabine. Other recommended regimens include the combination of 
cisplatin/5-fluorouracil, cisplatin or carboplatin/docetaxel or paclitaxel, carbopla-
tin/cetuximab, gemcitabine/carboplatin, as well as the single-use of them. A recent 
view suggests that neither VEGFR nor EGFR targeting therapies are recommended 
as high priority for recurrent and/or metastatic NPC, with unimpressive response 
rates around 10% or less [67, 88–93]. Reported toxicities of anti-VEGF therapy 
and anti-EGFR therapy can be severe and life-threatening, which should not be 
neglected.

Remarkably, several single-arm trials evaluating immunotherapy targeted the 
programmed death 1/programmed death-ligand 1 (PD1/PD-L1) pathway in recur-
rent/metastatic NPC patients have shown promising outcomes [94–96]. In prin-
ciple, NPC tumors are featured by high PD-L1 expression and abundant infiltration 
of non-malignant lymphocytes, suggesting the feasibility of immune checkpoint 
blockade therapies in NPC patients [97–100]. Some ongoing phase 3 trials investi-
gating anti-PD-1 therapies among treatment naïve locoregionally advanced disease, 
recurrent, or metastatic disease, will improve clinical practice [2]. Likewise, a phase 
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1 trial of a recombinant vaccinia virus (MVA-EL), which encodes an EBNA1/LMP2 
fusion protein designed to boost T-cell immunity to these antigens, has shown 
clinical efficacy in heavily pretreated NPCs [101]. Evidence from phage 2/3 RCTs on 
immunotherapies targeting EBV and/or PD1/PD-L1 is awaited to manage locore-
gional, recurrent, and metastatic NPC in the near future.

5. Conclusion

Early diagnosis and early therapy is the most effective method to improve the 
curative effect of NPC. It is necessary to strengthen the population-based screening 
of NPC in the endemic region and optimize the screening methods to elevate effi-
ciency. Improving the treatment approach is critical as well. With the great progress 
in staging systems, radiotherapy techniques, and concurrent chemotherapy, the 
locoregional control and overall survival of NPC patients have improved substan-
tially. Meanwhile, molecular targeted therapy and immunotherapy have gained 
much interest and are now being introduced to many clinical trials. Although 
encouraging outcomes are achieved, treatment-related toxicities, residual/recurrent 
disease, and metastatic disease are still crucial challenges in managing NPC, worthy 
of further attention and effort.
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Abstract

Nasopharyngeal carcinoma is a unique disease entity among head and neck 
cancers due to its epidemiology and clinical behavior. Non-keratinizing or undif-
ferentiated carcinoma is the most common histological type in endemic areas. 
Radiotherapy is the treatment for early-stage disease. With the widespread use of 
IMRT, loco-regional control has improved significantly in locally advanced diseases. 
But distant metastasis continues to be the most common pattern of failure. To 
address this issue, chemotherapy has been incorporated into radiotherapy in various 
settings; as concurrent, induction, and adjuvant. The initial trials of concurrent 
chemotherapy incorporated adjuvant chemotherapy also and the magnitude of ben-
efit contributed by each treatment was not clear. Later trials proved that adjuvant 
chemotherapy was not beneficial. Induction chemotherapy when added to concur-
rent chemoradiation resulted in improvement in Failure Free Survival, Overall 
Survival, and Distant Metastasis Free Survival. Thus, induction chemotherapy 
followed by concurrent chemoradiation became the standard of care for locally 
advanced disease (stage III and IVA). The role of chemotherapy in stage II disease is 
still evolving. Metastatic nasopharyngeal carcinoma is treated by platinum doublet 
chemotherapy, Cisplatin-gemcitabine is the standard regimen.

Keywords: Nasopharyngeal carcinoma, locally advanced, metastatic, concurrent 
chemotherapy, induction chemotherapy, adjuvant chemotherapy

1. Introduction

Nasopharyngeal carcinoma (NPC) is unique from other head and neck cancers 
due to its difference in epidemiology, etiology and propensity for distant metastasis. 
It is endemic in Southern China, South East Asia, North Africa, and Artic region. 
Non-keratinizing or undifferentiated carcinoma is the most common histological 
type in endemic areas. Radiotherapy is the backbone of treatment owing to the 
complex anatomical location and high radiosensitivity. Higher local control and 
survival are reported for early-stage disease with radiotherapy alone [1]. But around 
70% of patients present with locoregionally advanced disease and outcomes with 
radiotherapy alone are poor [2]. Many strategies have been tried to improve outcomes 
in locoregionally advanced NPC; the incorporation of chemotherapy and the use 
of modern radiotherapy techniques. IMRT when compared with two-dimensional 
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radiotherapy showed significantly better locoregional control and survival with 
a lower incidence of radiation- induced toxicities [3, 4]. IMRT is mainly aimed at 
reducing the toxicities in the early stages whereas it improves loco-regional control 
(LRC) in advanced stages. After the widespread use of IMRT, distant metastasis 
remains the predominant pattern of failure. Hence chemotherapy was added to radio-
therapy in various settings; as concurrent, induction, and adjuvant. Patients with 
metastatic disease are treated by palliative chemotherapy or palliative radiotherapy.

2. Evolution of chemoradiation in NPC

Stage I disease is treated by radical radiotherapy. Locally advanced disease 
(stage III and IVA) was treated by radiotherapy till the early ‘90s. Chemo-radiation 
was first studied in the landmark intergroup trial by Al Saraaf et al [5]. This trial 
compared chemoradiation followed by adjuvant chemotherapy versus radiotherapy 
(RT) alone in stage III and IV NPC (N = 147). The radiotherapy dose was 70Gy, 
delivered by conformal technique. There was a significant improvement in PFS and 
OS with the addition of chemotherapy. The 3-year PFS rate was 69% versus 24% 
(P < .001) and the 3-year OS was 78% versus 47% (P = .005) in the chemoradiation 
and radiotherapy arms respectively. But this trial was conducted in a non-endemic 
area and 22% of patients had keratinizing SCC. Hence the results could not be 
extrapolated to endemic areas.

Four randomized trials were conducted in a similar fashion in the endemic 
population, one each from Singapore and China and two from Hongkong. Wee  
et al randomized patients (N = 221) with stage T3-4NxM0 or TxN2-3 M0 NPC with 
WHO type II or III histology to radiotherapy alone or chemoradiotherapy followed 
by adjuvant chemotherapy [6]. Patients on chemoradiotherapy received concur-
rent cisplatin (25 mg/m2 on days 1 to 4) on weeks 1, 4, and 7 of RT and adjuvant 
cisplatin (20 mg/m2 on days 1 to 4) and fluorouracil (1,000 mg/m2 on days 1 to 4) 
every 4 weeks (weeks 11, 15, and 19) for three cycles after completion of RT. RT 
dose was 70Gy in 7 weeks by conventional technique. The 3-year survival rate was 
65% and 80% for RT alone and CCRT, respectively (HR 0.51 (95% CI, 0.31 to 0.81; 
P = .0061). There was a 17% decrease in cumulative incidence of distant metastasis 
in the chemotherapy arm (p = 0029).

Two parallel RCTs from Hongkong namely NPC 9901 and NPC 9902 were 
done for advanced regional disease and advanced local disease respectively in the 
endemic population [7, 8]. In NPC 9901, patients with nonkeratinizing/undifferen-
tiated NPC staged T1–4N2-3 M0 were randomized to chemo-RT followed by adju-
vant chemotherapy or RT alone (N = 348). There was a significant improvement 
in LRC and failure free survival (FFS) but at the expense of significantly higher 
rates of acute and late toxicities. The update also showed significant improvement 
in 5 year FFS (67% vs 55%, P = .014) and PFS (62% vs 53%, P = .035) in favor of 
chemotherapy [9]. There was an increase in acute toxicities (CRT vs RT: 83% vs 
53%; P < .001), but late toxicities were not different. OS did not show any benefit, 
probably due to the increased rates of noncancer death in the chemotherapy arm. 
NPC 9902 included Stage T3-4N0-1M0, nonkeratinizing or undifferentiated 
carcinoma of the nasopharynx (N = 189). There were 4 arms; RT with conventional 
fractionation alone, RT with accelerated fractionation alone, RT with conventional 
fractionation + concurrent /adjuvant chemotherapy (CF + C), and RT with acceler-
ated fractionation + concurrent/ adjuvant chemotherapy (AF- + C). There was a 
significant improvement in FFS in the AF + C compared to the CF arm (94% vs. 
70% at 3 years, p = 0.008), but the difference was not significant between the AF 
arm and the CF + C. There was no significant difference in OS between the 4 arms. 



77

Chemotherapy in Nasopharyngeal Carcinoma
DOI: http://dx.doi.org/10.5772/intechopen.98550

Acute toxicities were significantly more in both the chemo-RT arms. The late toxic-
ity was more in the AF + C arm compared to the CF arm(p = 0.05).

Another prospective trial with a similar design was conducted in the endemic 
population of China by Chen et al [10]. RT dose was 70Gy in 7 weeks by conven-
tional technique. The chemotherapy arm received concurrent cisplatin (40 mg/m2 
on Day 1) weekly during RT, followed by cisplatin (80 mg/m2 on Day 1) and fluoro-
uracil (800 mg/m2 on Days 1–5) every 4 weeks (Weeks 5, 9, and 13) for three cycles 
after completion of RT. The 2 year overall survival rate (89.8% vs. 79.7%, p = 0.003), 
failure-free survival rate (84.6% vs. 72.5%, p = 0.001), distant failure-free survival 
rate (86.5% vs. 78.7%, p = 0.024), and locoregional failure-free survival rate (98.0% 
vs. 91.9%, p = 0.007) was better in the chemotherapy arm. But acute toxicities were 
more in the chemotherapy arm (62.6% vs. 32%, p = 0.000).

Different trials used different concurrent cisplatin schedules. A randomized 
phase 3 trial was conducted by Liang et al to identify the ideal concurrent regimen. 
Weekly cisplatin 40 mg/m2 was shown to have efficacy similar to 3 weekly cisplatin 
100 mg/m2 but at the expense of increased hematological toxicities [11].

The chemoradiation trials showed improvement in failure-free survival and 
distant metastasis-free survival with the addition of chemotherapy at the expense 
of increased acute toxicities. But overall survival benefit was not consistent among 
trials. A meta-analysis of 7 randomized trials done in endemic population by Zhang 
et al showed significantly better 5 years OS in favor of the CCRT treatment groups 
with a relative risk (RR) of 0.74 [0.62–0.89]. Locoregional recurrence (RR of 
0.67,95% CI, 0.49 to 0.91) and distant metastasis (RR of 0.71;95% CI, 0.58 to 0.88) 
was significantly lower in the chemo-RT arm [12].

A meta-analysis with ten RCTs was done by Langendijk et al (4 neoadjuvant 
trials, 3 concurrent +/−adjuvant trials, and 2 adjuvant trials) to identify the addi-
tional benefit of chemotherapy when added to radiation [13]. There was an absolute 
survival benefit of 4% at 5 years with chemotherapy. Among the three chemother-
apy timings, concomitant chemotherapy was associated with an absolute survival 
benefit of 20% at 5 years (HR of 0.48 (95% CI, 0.32 to 0.72). There was a significant 
reduction in locoregional recurrences with the addition of chemotherapy. The RR 
for locoregional recurrence was 0.47 (p < 0.0001) with concomitant chemotherapy 
and 0.74 (p = 0.005) with induction chemotherapy. But there was no benefit with 
adjuvant chemotherapy for locoregional control. The addition of chemotherapy 
demonstrated significant benefit in reducing distant metastasis also(p < 0.001).

The MAC NPC collaborative group meta-analysis included trials 8 trials that 
used chemotherapy in induction, concurrent or adjuvant setting [14]. There was an 
absolute survival benefit of 6% at 5 years with the addition of chemotherapy to RT 
which corresponds to an 18% reduction in the HR of death (HR 0.82; p = 0.006). 
The concomitant schedule showed more benefit (HR = 0.60) than induction 
(HR = 0.99) and adjuvant (HR = 0.97) regimens. There was an absolute EFS benefit 
of 10% at 5 years with the addition of chemotherapy. Chemotherapy decreased the 
risk of locoregional failure (p 0.003; HR, 0.76) and distant failure (p = 0.001; HR, 
0.72) irrespective of the timing of chemotherapy. Chemotherapy was more efficient 
against WHO type 1 disease than against WHO type 2 or 3 diseases (p = 0.003 
for OS and p = 0.0001 for EFS). The survival outcomes were favoring the chemo-
therapy arms even after excluding WHO type 1 patients (p = 0.03).

The updated MAC NPC meta-analysis included 19 trials and with a median 
follow-up of 7.7 years [15]. There was an absolute survival benefit of 6.3% at 5 years 
by the addition of chemotherapy to radiotherapy. The addition of chemotherapy 
resulted in significant improvement in PFS, LRC, distant control, and cancer 
mortality. The outcome was analyzed separately for concurrent chemotherapy with 
or without adjuvant chemotherapy. The benefit of chemotherapy was dependent 
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on the timing of chemotherapy. HR was 0·65 (0·56–0·76) for concomitant plus 
adjuvant chemotherapy, and 0·80 (0·70–0·93) for concomitant with out adjuvant 
chemotherapy. There was no significant benefit with induction chemotherapy alone 
or adjuvant chemotherapy alone.

A meta-analysis of 28 RCTs on the association of chemoradiotherapy regimens 
and survival done by Zhang et al showed that concurrent chemoradiotherapy 
(CCRT) was significantly associated with improved OS, PFS, DMFS, and LRFS 
compared with radiotherapy. The addition of induction chemotherapy resulted 
in improvement in OS ([HR 0.84; 95%CI 0.74–0.95), PFS (HR 0.73; 95% CI, 
0.64–0.84), DMFS (HR, 0.67; 95% CI, 0.59–0.78), and LRFS (HR, 0.74; 95% 
CI, 0.64–0.85). The addition of adjuvant chemotherapy was not associated with 
survival benefits [16].

3. Role of adjuvant chemotherapy after concurrent chemoradiation

The above-mentioned five chemoradiation trials used adjuvant chemotherapy also. 
Hence the benefit of adjuvant chemotherapy when added to chemoradiation is not 
clear. Moreover, with the advancements in radiation techniques, the local control has 
increased significantly and distant metastasis remains the common mode of failure. 
This prompted investigators to test the value of adjuvant chemotherapy when added to 
chemoradiation. Chen et al randomized stage III and IV nonmetastatic non-keratinizing 
NPC patients to concurrent chemoradiotherapy plus adjuvant chemotherapy ver-
sus concurrent chemoradiotherapy alone. Cisplatin 40 mg/m2 weekly was used as 
the concurrent regimen. Adjuvant chemotherapy consisted of 3 cycles of cisplatin 
80 mg/m on day 1 and 5FU 800 mg/m2 per day on days 1–5. After a median follow-up of 
37·8 months, the 2 year FFS was 86% in the adjuvant chemotherapy group compared to 
84% in the CCRT group(p = .13). There was no significant difference in Overall survival, 
Distant failure-free survival, and loco-regional failure-free survival [17]. The update 
also showed similar results [18]. The outcomes in the two arms were similar irrespective 
of the radiotherapy technique (2D vs 3Dvs IMRT). All three cycles of adjuvant chemo-
therapy were completed by only 63% of patients in the adjuvant arm.

Adjuvant chemotherapy after concurrent chemoradiation is associated with 
significant toxicities and poor compliance without any survival advantage. There 
is no evidence to recommend routine use of adjuvant chemotherapy in locally 
advanced NPC.

4. Adjuvant chemotherapy-risk adjusted treatment

EBV is related to NPC in endemic areas. EBV DNA load has been correlated 
with the prognosis of NPC in many studies [19, 20]. Hong Kong 0502 trial included 
patients with detectable plasma EBV DNA after curative radiotherapy. Patients were 
randomized to adjuvant chemotherapy with cisplatin-gemcitabine or observation 
[20]. After a median follow-up of 6.6 years, there was no significant difference in 
the 5-year relapse-free survival (RFS) rate between the two arms (49.3% versus 
54.7%; HR 1.09, P = 0.75).

5. Induction chemotherapy in NPC

Concurrent chemo-RT with advanced radiotherapy techniques have increased 
the locoregional control in locally advanced NPC. But distant metastasis continued 
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to be a major problem and hence adjuvant chemotherapy was tried. But it failed to 
show benefit and the compliance to chemotherapy after chemoradiation was poor. 
Induction chemotherapy was tried to decrease the rates of distant metastasis, to 
increase survival, and to reduce radiotherapy toxicities by decreasing treatment 
volumes.

Six randomized trials on induction chemotherapy have been published; three 
from China, one each from Europe, Taiwan, and Singapore. These trials used 
different induction regimens, radiotherapy techniques, and dosage schedules. The 
three Chinese trials showed improvement in DFS, OS, and DMFS with the addition 
of induction chemotherapy [21–25]. But GORTEC, Taiwan, and Singapore trials did 
not show any advantage in terms of DMFS or OS [26–28]. All these trials reported 
significantly higher rates of acute toxicities with induction chemotherapy. Jin et al 
tested TPF against PF as induction therapy in locally advanced NPC and reported 
similar outcomes with better tolerance and compliance in the PF arm [29]. The 
details of induction chemotherapy trials are given in Table 1.

Three meta-analyses of induction chemotherapy have been published. Tan et al 
included 6 RCTs and five observational studies with 2802 patients. Induction che-
motherapy was associated with significantly improved PFS (HR 0.69, P = 0.0003) 
and OS (HR 0.77, P = 0.03,) at the expense of increased toxicities. There was a 
statistically significant 37% reduction in the hazard for the development of dis-
tant metastases (HR 0.63, P = 0.001) in favor of induction chemotherapy [30]. 
Individual patient data pooled analysis of 4 randomized trials from endemic areas 
by Chen et al reported an absolute benefit of 9.3% in 5 year PFS with the addition 
of induction chemotherapy to CCRT (P = 0.0009). Induction chemotherapy also 
improved OS (HR = 0.75; p = 0.04) and reduced distant failure (HR0.68; P = 0.008) 
[31]. Meta-analysis of 8 randomized trials with 2384 patients by Mane et al reported 
a significant benefit in OS (HR 0.68, P = 0.001) and PFS (HR 0.657, P < 0.001) with 
the addition of induction chemotherapy to CCRT, but acute toxicities were more 
with induction chemotherapy [32].

Induction chemotherapy before chemoradiation is associated with improvement 
in PFS, OS, and DMFS. TPF did not show any advantage over PF and the optimal 
induction regimens are cisplatin-infusion 5FU and cisplatin-gemcitabine.

6. Chemotherapy in stage II NPC

Radical radiotherapy is the treatment for stage I disease. Stage III and IVA are 
managed by induction chemotherapy followed by chemoradiation or chemora-
diotherapy with or without adjuvant chemotherapy. But the treatment of stage II 
disease is controversial. Stage II is a heterogeneous group with T2N0M0, T1N1M0, 
and T2N1M0disease. A phase 3 trial done by Chen et al in the conventional RT era 
randomized stage II patients into RT or CCRT [33]. Chemo-RT resulted in better 
5 year OS, PFS and Distant metastasis-free survival at the expense of increased 
acute toxicities. IMRT resulted in improvement in OS by reducing local and regional 
recurrence with decreased toxicities and better quality of life compared to 2D 
RT. The benefit of concurrent chemotherapy in the IMRT era is doubtful. Many 
comparative studies were done to study the effect of the addition of chemotherapy 
to IMRT. But most of the studies are retrospective in nature. A randomized phase 
2 trial by Huang et al showed no significant difference in OS, LFFS, RFFS, DFS, 
and DMFS after a median follow-up of 75 months. There was a detrimental effect 
on bone marrow function with chemo-RT [34]. Two retrospective studies from 
endemic areas showed no improvement in survival with the addition of chemother-
apy to IMRT [35, 36]. Propensity score matching analysis in intermediate-risk NPC 
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by Zhang et al showed no survival benefit (OS, FFS) by adding concurrent chemo-
therapy to IMRT [37]. Two meta-analyses of stage 2 trials have been published. Xu 
et al included 2D and IMRT studies [38]. CRT had significantly higher OS (HR 0.67, 
P = 0.04) and LRRFS (HR = 0.61, P = 0.0003) compared to RT alone, but there was 
no difference in DMFS. Acute toxicities were more in the chemo-RT arm. Subgroup 
analysis showed that IMRT alone achieved equivalent OS(P = 0.14), LRRFS(P-0.06) 
and DMFS(P = 0.89) compared to CRT. Liu et al published a meta-analysis of seven 
trials that compared IMRT alone with IMRT plus concurrent chemotherapy [39]. 
There was no benefit with the addition of chemotherapy to IMRT in terms of OS, 
PFS, DMFS, or LRRFS. Moreover CCRT was associated with increased rates of 
grade 3–4 leukopenia.

The benefit of adding chemotherapy to intensity-modulated radiotherapy in 
stage II disease is doubtful and is still under investigation.

7. Chemotherapy in metastatic NPC

Being a chemosensitive tumor, chemotherapy is the mainstay of treatment for 
metastatic NPC. Single-agent chemotherapy was used previously. Standard chemo-
therapy agents used now are platinum doublets with gemcitabine, 5FU, or paclitaxel 
[40, 41]. Higher response rates are associated with combination regimens than 
monotherapy. Cisplatin-5FU continuous infusion regimen resulted in a response 
rate of 55–65% [42]. Paclitaxel when added to carboplatin resulted in response rates 
as high as 75% [43]. A Randomized phase 3 trial from China compared Cisplatin 
gemcitabine (GP) with cisplatin 5FU(FP) in recurrent and metastatic NPC [44]. 
Gemcitabine plus cisplatin prolonged progression-free survival in patients with 
recurrent or metastatic NPC. The updated results showed an improvement in OS 
with Cisplatin -gemcitabine regimen (HR 0.723 (95% CI, 0.578 to 0.904; P = .004). 
The median OS was 22.1 months with GP versus 18.6 months with FP [45]. Triplet 
regimens tried in metastatic settings resulted in higher response rates and increased 
median OS, but with increased toxicities [46]. There is no head-on comparison 
with the standard doublets and triplet regimens are not recommended for first-line 
therapy.

These patients eventually progress on platinum-based chemotherapy due to 
the development of platinum resistance. The selection of second line treatment 
depends on the chemotherapy agent used in first line. The common second-line 
agents are 5-FU (including capecitabine), taxanes (paclitaxel, docetaxel), irinote-
can, vinorelbine, and gemcitabine [47–50] The response rates are inferior compared 
to the first-line agents.

8. Future directions

The role of adjuvant chemotherapy according to risk-adapted approach is evolv-
ing. Two trials of adjuvant chemotherapy according to post-treatment plasma EBV 
DNA measurements (NRG-HN001- NCT02135042 and NCT02363400) are under-
way [51, 52]. The benefit of concurrent chemotherapy in stage II NPC is not clear. 
NCT02610010, NCT02116231, and NCT02633202 are ongoing randomized phase2/3 
trials evaluating the same [53–55]. There is no proven role for targeted therapy or 
immunotherapy in locally advanced or metastatic NPC [56, 57]. A phase 3 trial 
(NCT02633176) comparing cisplatin, docetaxel plus cetuximab with cisplatin and 
docetaxel induction chemotherapy followed by concurrent chemoradiation in previ-
ously untreated metastatic NPC is underway [58]. PD-1 antibody Camrelizumab 
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is being compared with best supportive care after Chemoradiotherapy in 
Locoregionally Advanced NPC in a phase 3 trial [59]. Camrelizumab in combination 
with chemotherapy is tested against chemotherapy alone in recurrent and metastatic 
NPC in another randomized phase 3 trial [60].

9. Conclusion

Stage I NPC is treated by radical radiotherapy. Stage II disease is treated by IMRT 
alone or concurrent chemoradiation. Stage III and stage IVA disease are treated 
by induction chemotherapy followed by concurrent chemoradiation or concur-
rent chemoradiation +/−adjuvant radiotherapy. Metastatic NPC is usually treated 
by chemotherapy using platinum doublets, cisplatin-gemcitabine is the standard 
regimen.
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Hypopharyngeal Cancer: Staging, 
Diagnosis, and Therapy
Yi Huang, Yushan Liang and Weilin Zhao

Abstract

Hypopharyngeal carcinoma is uncommon in all head and neck cancers. With 
a synergistic reaction of each, tobacco consumption and alcohol abuse contribute 
to the tumorigenesis. The aerodigestive tract epithelium exposure to similar risks 
causing multiple cancers. Thus, a pan-endoscopic screening offers a practical 
approach for evaluating second primary esophageal cancer. The common symptoms 
of hypopharyngeal carcinoma were globus pharyngeus, sore throat, dysphagia, 
otalgia, neck mass, hoarseness, and dyspnoea. However, approximately 75–80% 
of patients are initial diagnosed with advanced-stage. Although improvements 
in therapy, the prognosis is still lacking. In early-stage patients, primary surgical 
resection and radiotherapy achieved similar survival and locoregional control rates. 
T1–T2 malignancies with N0–N1 can usually be treated with radiation alone, open 
surgery, or transoral surgery. In some people, after primary surgery or transoral 
approaches is often required adjuvant radiotherapy. However, most cases have 
been in the advanced-stage when screened. Individual therapy programs should be 
chosen carefully to achieve a balance between swallowing-voice rehabilitation and 
organ preservation in advanced-stage ones. Meanwhile, reasonable reconstruction 
of intraoperative defect is essential for a surgeon who seeks satisfied postoperative 
outcomes. Considerable treatment (surgery or non-surgery) remains the key point 
of improving the survival rate.

Keywords: hypopharyngeal carcinoma, etiology, staging, diagnosis, treatment

1. Introduction

Hypopharyngeal carcinoma is relatively rare in all head and neck cancers 
(approximately 3–5%) [1, 2]. The overall worldwide age-standardized incidence 
rates occur at a rate of 0.8 per 100,000 (1.4 in men and 0.3 in women) in hypo-
pharyngeal cancer [3]. Bangladesh had the highest incidence with 4.8 per 100,000 
[4]. In the past four decades, the incidence of hypopharyngeal cancer has declined 
smoothly in America, in part due to decreasing intake of tobacco [5–7]. Overall, it 
is five times greater in males than in females [8] and mainly occurs in the aged 50 to 
70 years [5, 9]. However, this tumor rarely occurs at young ages [10].

Epidemiologic studies showed a series of potential environmental risk fac-
tors for hypopharyngeal carcinoma development. Tobacco consumption (> 90% 
of patients) and alcohol abuse (> 70% of patients) are the two well-established 
risk factors for hypopharyngeal squamous cell carcinoma [11–13]. Heinz Maier 
et al. reported a time-response correlation between tobacco intake and hypo-
pharyngeal cancer. Besides, the amount of alcohol consumption is also related to 
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cancer development. Compared to non-smokers, it increased the risk by 9.5-fold 
(adjusted for alcohol consumption) for the long-term smoker (40–60 tobacco 
years). Also, alcohol drinkers increased the risk of this cancer that was up to 
125.2-fold (adjusted for tobacco consumption) for alcoholics (> 100 g/day) [13]. 
Moreover, there is a synergistic carcinogenic effect between tobacco use and 
alcohol abuse [14]. Quitting smoking and refrain from drinking may reduce the 
risks of hypopharyngeal cancer.

Other risk factors, such as nutritional factors, diet, Plummer-Vinson syndrome, 
gastroesophageal reflux disease [15], and chronic infectious diseases have been 
reported to increase the risk of hypopharyngeal tumor. An inadequate caloric intake 
may lead to cancer cachexia, associated with a poor prognosis for hypopharyngeal 
carcinoma [16]. Plummer-Vinson syndrome is responsible for post-cricoid carci-
noma, characterized by dysphagia and iron deficiency anemia [17, 18]. It has been 
reported that oncogenic viral infection has a close relationship with head and neck 
cancers. The human papillomavirus (HPV) is involved in the malignant transforma-
tion of oropharyngeal carcinoma [7]. Epstein–Barr virus (EBV) infection is relevant 
to nasopharyngeal carcinoma (NPC) tumorigenesis [19]. Nevertheless, HPV and 
EBV infection in hypopharyngeal cancer are rare [20–22]. To date, the possible role 
of HPV in tumorigenesis of hypopharyngeal cancer is still controversial, EBV as 
well [23, 24].

In hypopharyngeal cancer, most histological types are squamous cell carci-
noma (SCC) (up to 95%). That is usually represented poorly differentiated [25]. 
Adenocarcinoma is less frequent than in hypopharyngeal malignancies, accounted 
for around 5%. Other rare malignant tumors: papillary (exophytic) squamous cell 
carcinoma, verrucous carcinoma, and lymphoepithelial-like carcinoma, have been 
reported. However, the non-epithelial neoplasms that may arise in the hypopharynx 
include mucosal malignant melanoma, synovial sarcoma, fibrosarcoma, and lipo-
sarcoma, are not included [26]. Both histologic confirmations and histopathologic 
grading of squamous carcinoma should be recorded in hypopharyngeal cancers.

2. Symptoms and diagnosis

2.1 Relevant anatomy of hypopharynx

There are three parts to the pharynx: nasopharynx, oropharynx, and hypophar-
ynx. As part of the pharynx, the hypopharynx is located behind the entire length 
of the larynx. It extends from the plane of the epiglottis to the lower border of the 
cricoid cartilage. Moreover, the pharynx is further classified into three regions 
(Figure 1): (1) the piriform sinuses, (2) the posterior pharyngeal wall, and (3) the 
post-cricoid area.

The pyriform sinus, a bilateral area, is bounded by the aryepiglottic fold and 
laterally by the esophagus’s upper end. The posterior pharyngeal wall is bounded 
from the superior level of the epiglottis to the lower border of the cricoid cartilage 
and from the vertex of one pyriform sinus to the other. The post-cricoid region lies 
on the arytenoid cartilages’ level and connecting to the plane of the inferior border 
of the cricoid cartilage.

In general, hypopharyngeal cancer occurs most in the piriform sinuses in 
60–85% of patients, followed by the posterior pharyngeal wall up to 10–20% and 
rarely in the post-cricoid area in 5–15% of patients (Figure 2) [9, 27]. Also, dur-
ing these three hypopharyngeal subsites, the tumor of the pyriform sinus and the 
posterior pharyngeal wall is mainly in males, while post-cricoid carcinoma is more 
often occurs in females [5, 9].
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2.2 Symptoms and signs of hypopharyngeal carcinoma

Early in hypopharyngeal cancer is not easy to be found due to the asymptomatic 
for an extended period. Something sticking or irritative sensation in the throat 
could be the early symptoms. If the tumor increases to a considerable size, sore 
throat, increasing dysphagia, and referred otalgia on swallowing may be present. 
Besides, progressive dysphagia frequently leads to significant weight loss.

A neck mass is now recognized as the typical clinical manifestation of hypopha-
ryngeal carcinoma. There are a rich lymphatic network and vascular anatomy in the 
neck, allowing tumors to easily metastasize to the cervical nodal. Clinically, more 
than half of patients have enlarged cervical nodes at initial presentation because of 
the vibrant lymph nodes network in the pharynx [28]. The neck metastases rate is 
higher (> 75% of patients) in pyriform sinus cancers, as compared with the neck 
metastases rate in the posterior pharyngeal wall and post-cricoid cancers [29, 30]. 
Lymphatics from pyriform sinuses usually result in levels II-III and retropharyngeal 
node metastasis. And the posterior pharyngeal wall lymphatic metastasis area is 
more occurred to level II lymph node metastasis. In contrast, lymph node metastasis 
of the post-cricoid region prefers to levels IV-VI metastasis [31–33].

The larynx functions mainly in airway protection and respiration, which is in 
front of the hypopharynx. The hypopharynx configuration may allow tumor inva-
sion or involvement of these adjacent organs, for instance, the larynx. When the 
throat symptoms appear, the tumor is considered significant in particular hoarse-
ness, invading the larynx. Furthermore, some of the patients may present aggres-
sive laryngeal invasion with life-threatening airway obstruction.

2.3 Second primary cancer

Patients with hypopharyngeal cancer have an exceptionally high risk of 
diagnosing a synchronous or metachronous second primary cancer, which may 
be associated with the prognosis’s deterioration [34]. One possible mechanism 
causing second primary cancer in hypopharyngeal cancer is the phenomenon 
of “field cancerization” [35]. Anatomically, the cervical esophagus is originated 
at the upper esophageal sphincter, contiguous with the post-cricoid region 

Figure 1. 
Anatomical subsites of hypopharynx. (A) The pharynx includes three parts: The nasopharynx, oropharynx, 
and hypopharynx. (B) The hypopharynx is situated posterior to the larynx. It is further subdivided into the 
pyriform sinuses (left and right), posterior pharyngeal wall, and post-cricoid area.
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and behind the lower border of the cricoid cartilage. The aerodigestive tract 
mucosa, including hypopharynx and esophagus epithelium, is the squamous 
epithelium. During the carcinogenesis process, both hypopharynx epithelium 
and esophagus epithelium are exposed to similar environmental risk factors 
resulting in multiple cancers in the aerodigestive tract [35–37]. Tobacco use 
and alcohol abuse are considered as the significant risks contributing to field 
cancerization.

In head and neck cancers, the overall incidence of the synchronous second 
primary cancer was estimated to be 12% [38]. However, hypopharyngeal 
cancer has a high incidence of second primary cancer. The commonest sites in 

Figure 2. 
Typical subtypes of hypopharyngeal carcinoma. (A, D) The pyriform sinus carcinoma (left) (red arrow) 
involving the left side of aryepiglottic fold in endoscopy (A) and (D) CT scan. (B, E) The posterior pharyngeal 
wall carcinoma (red arrow) in endoscopy (B) and (E) CT scan. (C, F) The hypopharyngeal carcinoma 
(red arrow) arising from the post-cricoid region in endoscopy (C) and (F) CT scan. (G) The patterns of 
hypopharyngeal carcinoma. (H) The percentages of hypopharyngeal carcinoma in three subtypes.
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the second primary cancer [39] were the esophagus (27%) and lung (6.34%) 
[40–42]. Therefore, patients with hypopharyngeal carcinoma are suggested 
to undergo regular surveillance endoscopy (Figure 3) and chest CT scan to 
detect a second malignancy. Precancerous lesions or neoplasm are the targets of 
surveillance endoscopy. In case of suspected neoplasm, an endoscopic biopsy 
can be done to diagnose second primary esophageal cancer. The use of narrow-
band imaging (NBI) shows high accuracy to screen early esophageal lesions, 
Lugol chromoendoscopy (LCE) endoscopy as well [43]. Most of the second 
primary cancer followed the hypopharyngeal cancer diagnosis within one 
year [34, 40].

2.4 Diagnostics of Hypopharyngeal carcinoma

2.4.1 History and physical examination

To assess the patient’s condition, a thorough history of presenting symptoms 
must be obtained. It also is crucial to document and quantification of tobacco or 
alcohol use history. And then, a complete head and neck examination should be 
performed. Neoplasm and its extent can often be seen on indirect or laryngoscopy 

Figure 3. 
The second primary cancer in hypopharyngeal cancer. (A, B) Hypopharyngeal cancer involving pyriform 
sinus (red arrow) by endoscopy and CT scan, respectively. (C, D) Second primary esophageal cancer of 
hypopharyngeal cancer, imaged with (C) white light endoscopy; (D) narrow-band imaging.
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tests. While the post-cricoid growths may difficult to diagnose on the laryngoscopy. 
The pooling of secretions in the pyriform sinus is indicated to cervical esophageal 
involvement. Both sides of the neck should be examined to evaluate cervical lymph 
nodes, and the level, number, size, and mobility of palpable lymph nodes should be 
carefully documented.

2.4.2 Endoscopic evaluation and pathology diagnosis

In early cases, endoscopy of the laryngopharynx is best performed in the patient 
under suspicion of malignancy. The panendoscopy can evaluate the entire scope 
of cancer and find a synchronous primary at any other site. A biopsy can be done 
under general anesthesia with endoscopes. It is essential for histological typing. 
Since lymphonodi cervical metastasis often occurs as the first symptom, a fine-
needle aspiration (FNA) in the neck is recommended.

2.4.3 Imaging studies

Nowadays, the application of imaging measurement offers an efficient approach 
for evaluating the tumor extent, lymph nodal staging, potential laryngeal impinge-
ment, and cartilage involvement. A CT enhanced scan of the laryngopharynx and 
neck is exceptionally worthy in evaluating laryngeal cartilage invasion. At the same 
time, MRI is better for the soft-tissue extension. They are complementary examina-
tions of each other and reveal the tumor invasive range. Due to the distant metas-
tasis (approximately 6% of patients) in hypopharyngeal cancer, a chest CT scan or 
PET/CT is also recommended [44].

3. Cancer staging and prognosis

The newly updated TNM classification system (8th edition), an anatomic-
based classification, was published in 2017 by The American Joint Committee 
on Cancer (AJCC). This cancer stage classification aims to provide information 
for the clinical trial, cancer control activity, therapy selection, and outcome. 
Compared to the previous version, the new vision reflects a better understand-
ing of cancer therapy and research design. Here we showed an overview of 
modifications in cancers of pharynx: (1) the revision of TNM classifications 
in nasopharyngeal cancer; (2) the division of pharyngeal malignancies into 
HPV-related (p16+) oropharyngeal cancer, oropharynx (p16-) and hypophar-
ynx cancer, and nasopharyngeal cancer; (3) the extranodal extension (ENE) 
is formulated into the N category for non-viral related head and neck cancer 
for the first time [45]. Besides, the TNM staging of hypopharyngeal cancer is 
delineated in Figures 4 and 5.

Generally, the cancer of hypopharynx has an abysmal prognosis in all head and 
neck cancers. Numerous patients (75–80%) are advanced-stage ones (stage III/IV) 
when initially diagnosed [46, 47]. About 60–75% of patients with cervical lymph 
node metastasis (N1–3) were detected [46, 47].

A population-based study reported that the five-year overall survival (OS) 
rate increased from 37.5% (1973–1989) to 41.3% (1990–2003) [9]. Also, Henry T. 
Hoffman, etc., showed the five-year disease-specific survival segregated into clini-
cal stages increased: 63.1% (stage I), 67.6% (stage II), 41.8% (stage III), and 22% 
(stage IV), respectively [48]. Although the treatments have improved, the tumor 
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recurrence within one year and half of first recurrences with distance metastases 
[1]. Unfortunately, about 50% of the untreated cancer patients surviving within 
four months after the initial diagnosis, and less than 20% of patients surviving 
more than one year [49, 50].

Figure 4. 
TNM classification of hypopharyngeal cancer. The TNM staging system is the common language for classifying 
the extent of spread of cancer. Here we reveal the newest edition in hypopharyngeal carcinoma.
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4. Treatment

Different treatment strategies, surgery, and nonoperative treatment were 
adopted according to the scope of the tumor. However, the existing literature has 
limitations due to the shortage of multicenter large sample randomized controlled 
tests. In the setting of unbalanced development in economic, academic, and medi-
cal conditions in different regions, remain in the effect of treatment, it is difficult 
to unify the mode of diagnosis and treatment, and the differences are present in 
curative effects. The general principle is to improve the postoperative life quality 
for patients on the premise of ensuring that the tumor is removed completely. 
Treatment selection requires optimizing swallowing and speaking functions to 
prevent a long-term aspiration and tracheostomy/G- tube dependence and acquire a 
balance between disease cure and anatomical preservation of tissue [19, 51].

In addition to taking effective measures to accurately determine the scope and 
clinical stage of the tumor, multidisciplinary treatment (MDT) should also run 
through the whole process of tumor diagnosis, treatment, and rehabilitation to gain 
optimal rehabilitation effect.

4.1 Early-stage tumor (T1/T2 with N0/N1)

4.1.1 Primary radiotherapy or open surgical procedures

Refinement in technology has improved radiation oncology across the past 
20 years. The newer “more precise” techniques, such as intensity-modulated 
radiotherapy, compared with standard therapy, ameliorate locoregional control 
of hypopharyngeal carcinoma [52–54]. These techniques extend the concentra-
tion of dose to the primary tumor and concomitantly lower collateral injuries to 
normal tissues [53]. The results of the retrospective analysis showed the similarity 
between the long-term survival prognosis of primary radiotherapy and laryngec-
tomy [55–57]. However, prospective evidence is limited for the similarity between 
locoregional control and survival rates [46, 58, 59]. Postradiation local control rate 
was achieved in 68–90% of patients with T1 tumors and approximately 75% cases 
in T2 lesions [58, 60–62]. The goal of radiation with concurrent chemotherapy is to 
acquire speaking and swallowing functional of invaded area and laryngeal preser-
vation rates for five years above 70% [52, 63, 64]. Radical radiation-related injuries 
to the neck tissues need to be taken seriously, including substantial acute and late 

Figure 5. 
Prognostic stage of hypopharyngeal cancer.
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toxicity (Figure 6). Although a majority of acute toxicities are temporary (such as 
radiation-related dermatitis usually alleviated within 6–12 weeks of treatment), 
permanent xerostomia at least partly is present invariably. Post-radiotherapy 
complications such as aspiration and chronic dysphagia may also occur in some 
cases, depending on the permanent feeding tube. The incidence is growing associ-
ated with intensive protocols (e.g., concurrent chemoradiotherapy). Therefore, 
effective quality assurance mechanisms and appropriate expertise are needed to be 
established to limit treatment-related toxicity and optimize results.

The skin injury often occurs during radiotherapy, including red swollen of skin, 
painful blisters, and pigmentation.

Open surgery is also an available approach for early-stage lesions compared 
with radiotherapy [65]. The posterior pharynx tumors can be excised through the 
transhyoid approach [66, 67]. Meanwhile, reservation of the internal branch of  
the superior laryngeal nerve is necessary. The transhyoid approach is critical for the 
disease that cannot be exposed transorally, especially in advanced tumors [51].  
The more noticeable problem is that the postoperative T1T2 diseases with high-risk 
factors (e.g., positive margins, positive lymph nodes, extracapsular tumor  
extension) and locally advanced tumors should perform radiotherapy [68].

4.1.2 Transoral approaches

For T1/T2 tumor, minimally invasive surgery with reducing morbidity has become 
a surgical option for patients. In addition to open surgery, a variety of transoral surgi-
cal techniques/instrumentation, such as laser, plasma, oral robot surgery, and so on, 
setting primary tumor resection as a rising feasible option, with preserving laryngeal 
function [69, 70]. Transoral surgery (TORS/TLM) are considered as promising alterna-
tives with better functional consequence compared with open surgery. It presents fewer 
complications than open surgery with nasogastric tube dependence down from 31–3% 
within 1 year [71]. Supporters of surgery pose that the transoral method rise the laryn-
geal conservation rate by over 70% through lots of single-institution series [72, 73].

Figure 6. 
Radiotherapy toxicity of neck.
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Over the past few decades, with growing prevalence in a transoral path for 
getting into the upper aerodigestive tract, especially transoral laser surgery (TOLS), 
which initially was used for cancer of the larynx, gradually spread to the hypo-
pharyngeal tumor [72–76]. Local control and cancer-free survival rates via radio-
therapy and open surgery inT1/T2 diseases have been achieved through transoral 
routes, especially in early-stage lesions [72, 77–80]. The procedural complications 
of TOLS include fistula, granulation tissue formation, and fatal bleeding. [77–80]. 
But, in other TOLS series reported, 83% of patients were received adjuvant treat-
ment (radiotherapy or concurrent chemoradiotherapy) after TOLS according to 
pathologic outcomes [77–80]. In T3, T4 cases, because of the limitation of detailed 
data about the use of TOLS for these lesions, the potential effects (if any) of TOLS 
remains poorly explained [78, 79]. Transoral robotic surgery has been considered a 
valid treatment for early hypopharyngeal carcinoma [81–83]. Meanwhile, it is also 
regarded as more appropriate for early cases without adjuvant treatment [81].

The complete resection of the tumor should be taken as the premise, with the 
corresponding bilateral neck dissection, combining with intraoperative frozen 
section examination to achieve radical procedures. If the postoperative pathologi-
cal or histological examination indicates high-risk factors, postoperative adjuvant 
radiotherapy is required.

4.2 Advanced-stage tumor (T3/T4 or ≥ N2)

4.2.1 Non-surgical management

For the need of larynx-preservation, non-surgical treatments are considered 
as valid notions involved when appropriate [84]. At present, the non-operative 
treatment of larynx reservation is mainly combined with radiotherapy and che-
motherapy (such as simultaneous radiotherapy and chemotherapy, induction 
chemotherapy sequential radiotherapy). Targeted therapy and immunotherapy 
are still being explored. The advanced patients involved postoperative adjuvant 
radiotherapy acquired improvement of local control, cancer-free survival rate, and 
overall survival [60, 85–88].

For stage IV malignancy, chemotherapy (induction therapy or concomitant 
therapy) heightens therapeutic efficacy, which is better in locoregional control and 
survival rates than radiation alone and combination therapies (surgery + radiation 
[84, 89–92]. A randomized trial including 202 cases indicated that chemotherapy 
group (induction chemotherapy +radiotherapy) achieve almost same disease 
survival as immediate surgery, with13.1% (the chemotherapy group) versus 13.8% 
(the surgery group) in a 10-year overall survival rate and with 8.5% versus 10.8% 
in10-year progression-free survival rates [93]. For optimizing chemotherapeutic 
effectiveness, organ-preservation strategies have to be abandoned in some advanced 
diseases in order to optimize chemotherapeutic effectiveness [94]. Pretreatment 
organ dysfunction, e.g., status vocal cord fixation and tracheostomy dependence, 
are related to posttreatment poor functional outcomes [95].

When considering organ-preservation strategy, the therapeutics must be 
implemented not only for saving of the anatomical units but also the return of 
upper aerodigestive function [96–98]. Meanwhile, the advanced patients with 
extensive invasion of surrounding tissue and serious decline of pharynx and larynx 
function present low pathologic complete response by non-operative treatment. 
The opinions of various disciplines should be integrated into decision-making. 
The American Society of Clinical Oncology (ASCO) guidelines recommend total 
laryngectomy for T3/T4patients with heavy tumor load and poor laryngeal function 
before induction chemotherapy [99].
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4.2.2 Surgery

Surgery remains the preferred treatment for advanced-stage hypopharyngeal 
cancers [100]. Kinds of surgical manners are achieved in locally advanced cancers. 
Considering the possibility of aspiration after laryngeal preservation surgery, 
assessment of preoperative lung function is necessary. The cut margins (inferior or 
esophageal margin) must be extended carefully for safe boundaries. [25, 101, 102]. 
We should pay more attention to the extent of surgical margins, especially the infe-
rior margin of the tumor (nearly to the esophageal part). Wide margins surgically 
are often considering in the skip disease and submucosal positive pathology. But 
researches have shown that patients did not benefit from extended edges (3–5 cm) 
compared with traditional (1–1.5 cm) incisal edges [103].

Partial pharyngectomy integrated with a partial laryngectomy, e.g.: vertical 
hemilaryngectomy, supraglottic laryngectomy, or supracricoid laryngectomy etc. 
is utilized in a series of hypopharyngeal cancers for hypopharyngeal cancers with 
small to medium lesions [104–107]. Laccourreye et share their extensive experi-
ence with the methods described above in their researches, including 135 cases 
with pyriform fossa lesions [104, 105]. The patients were executed supracricoid 
hemilaryngopharyngectomy combined with postoperative induction chemotherapy 
(IC) (96%). Five-year actuarial survival rates were assessed at 46.7%, with trache-
ostomy tubes removed in all patients (average = 9 days), and a 91.9% recovering 
oral intake (gastrostomy-free) at one year [105]. The conservation of competing 
cricoarytenoid units is important to achieve good functional outcomes. The unit 
comprises a single arytenoid, cricoid cartilage, ipsilateral recurrent/superior laryn-
geal nerves, and ipsilateral intrinsic laryngeal muscles. At least a single company 
should be reserved to obtain suitable swallowing function and upper respiratory 
 function [108].

Due to roughly 10% of lesions invade the thyroid parenchyma directly, the cases 
with macroscopic cancer extension outside the larynx should be performed thyroid 
lobectomy or total thyroidectomy. In salvage treatments, considering thyroid 
vessel damages in response to radiation, preoperative hypothyroidism screening 
(routine pre- and post-operative thyroid hormone screening) is often necessary 
[109, 110]. In a prospective study including 137 laryngeal/hypopharyngeal patients, 
the incidence of hypothyroidism after treatment for laryngeal or hypopharyngeal 
tumors is 47.7%, especially after combination treatment [110]. Hypoparathyroidism 
is an important consideration in treatment, so the reservation or reimplantation of 
parathyroid glands must be noted during cricopharyngeal resection and/or paratra-
cheal + mediastinal lymph node dissection [103].

4.2.3 Reconstruction

Laryngopharyngeal defect reconstruction is also an important approach for the 
surgeon to optimize surgery. The reconstruction presents a certain advantage in 
reducing the incidence of postoperative complications such as pharyngeal fistula, 
fatal bleeding, or infection. Meanwhile, it shows satisfactory outcomes in rehabili-
tating functions of speaking, swallowing, and breathing. The methods include local 
issue, regional flap or more vascularized free tissue transfer (Figure 7). Regional 
flaps contain the submental island flap, the supraclavicular island flap, the deltopec-
toral flap, the pectoralis, myocutaneous flap or latissimus dorsi myocutaneous flaps. 
Vascularized free tissue transfer methods include radial forearm free flap, anterolat-
eral thigh free flap. In partial pharyngectomy with a partial laryngectomy, the small 
defects are repaired by local closure, and the larger defects (> 3 cm in size), regional 
flaps, and free tissue transfer are recommended. For partial pharyngeal defects 
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with a total laryngectomy, despite other options, such as primary closure, primary 
closure with bolster flap, and regional tissue transfer, free tissue transfer has become 
one of the most utilized reconstructive selections. The major advantages of free 
tissue transfer are donor-site tissue, healthy tissue to repair circumferential defects. 
It is reconstructed in a tubular shape to provide a good swallowing tract and low 
incidence by avoiding entrance to other body cavities for total laryngopharyngec-
tomy defects is usually rebuilt by the approaches such as enteric flap transposition, 
gastric pull-up, colonic Interposition, or jejunal free flap.

4.3 Nodal metastases in neck

Almost all patients with hypopharyngeal carcinoma have a high incidence of 
lymph node metastasis in the neck [30, 111]. Pyriform fossa cancer has the high-
est cervical metastasis rate (> 75%), while the lymph node metastasis rate of the 
posterior pharyngeal wall and posterior ring carcinoma is currently between 30% 
and 60% [29, 30, 111, 112]. For clinically negative (cN0) neck, the high-risk lymph 
node group must be included in the scope of dissection. Bilateral neck dissection 
should be considered with the tumor across the midline and tumors located in the 

Figure 7. 
Surgical reconstruction of hypopharyngeal cancer involving the larynx and esophageal. (A) The tubular gastric 
reconstruction was applied to repair the esophagus by video-assisted thoracoscopic surgery (VATS). (B, C) Inset 
of the gastric tube into the operative cavity of total laryngopharyngectomy.
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posterior pharyngeal wall, medial Pyriform wall, or posterior annular region [96, 
111]. In the cN0 cases, most of the lymph nodes with positive pathological exami-
nation were located in levels II and III of the lateral neck [46, 111, 113, 114]. Thus 
levels II to IV should be taken into consideration for elective neck dissection in the 
CN+ patients, despite the low incidence of metastases at levels I and V, the cutting 
of levels I through V is incorporated into an overall neck dissection for reducing 
relapses in a node. The internal jugular vein (IJV), sternocleidomastoid muscle, 
and accessory nerve are recommended to be preserved and attacked directly 
by cancer.

Paratracheal (level VI) and retropharyngeal nodes must be brought to attention 
because of The risk of tumor invasion [46, 115]. Paratracheal positive nodes (level 
VI) are frequently involved by tumors located in the pyriform apex or post-cricoid 
area [111, 116–119]. A series of reports by Chung et al. poses a 27.9% occult metas-
tasis rate in IV nodes with a much worse prognosis (26% vs. 55% 5-year disease-
specific survival) [119]. So paratracheal node dissection should be strongly involved 
in this crowd both for the thoroughness of removing all tumor and strict disease 
staging. The retropharyngeal nodal disease is common in lateral pyriform and 
posterior pharyngeal, existing in 40% of advanced patients [120]. Retropharyngeal 
nodes should be taken into adjuvant radiotherapy in the setting of unremovable 
surgically. In advanced stages, these positive nodes clinically/radiographically may 
be an indication for non-surgical treatment [120].

5. Surveillance, and recurrent

Due to most tumors relapse within two years after initiate treatment, rigorous 
surveillance should be followed three months after treatment until two years 
and every six months for 3–5 years to screen early local recurrence and second 
primary tumors [121–123]. A favorable scanning should involve a combination 
of history, physical, endoscope, images (CT, MRI, PET/CT), and biopsy [124]. 
For suspicion cases, repeated biopsies are necessary for positive results. PET/CT 
has been demonstrated to be more accurate than CT/MRI for screening false-
positive results [125, 126]. Surgery is considered an optimal option for recurrent 
cases (especially small recurrent). For unresectable recurrence or metastatic, 
re-irradiation or re-irradiation+chemo is one selection with improving median 
survival. Meanwhile, related toxicities cannot be ignored, with complications 
range from 9 to 32% in adjuvant chemotherapy cases [127, 128]. Therefore, the 
multidisciplinary team must seek a balance between the serious toxic reactions 
and the rescue therapy while paying attention to the progress of the disease in the 
long term.

There are not many options available for recurrent and metastasis, so it is urgent 
to develop new targeted agents in this population. The innovative drugs may be 
proved as another promising avenue for recurrence and metastasis. A variety of 
molecular targeting drugs are developed in the exploratory stage. These drugs have 
anti-cancer affection on aberrantly expressed intracellular proteins. In recent years, 
immunotherapy has been proved to ameliorate overall survival over standard, 
single-agent therapy for platinum-refractory cases [129, 130]. Anti-programmed 
cell death 1 (PD-1) therapies were assessed as a treatment for platinum-refractory 
recurrent and/or metastatic head and neck squamous cell carcinoma (HNSCC). 
Meanwhile, a small number of patients with the PD-1 approach acquire lower toxic 
effects than traditional therapies. Immunotherapy brings hope to this subtype of 
treat-limited patients [130, 131].
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6. Conclusion

The primary type of hypopharyngeal cancer is squamous cell carcinoma, with 
a poor prognosis. Approximately up to a third of patients are diagnosed with 
second primary esophageal cancer. The infrequent incidence of hypopharyngeal 
cancer limits the extensive clinical trial application. Early-stage disease achieved 
successful tumor management after treatment (radiation alone or surgery resec-
tion). However, despite the improvements of therapy, measures alone may not be 
sufficient to preserve the laryngeal function in advanced-stage ones. Formulating 
an accurate and useful treatment plan depends on a comprehensive assessment of 
the patient’s general condition and tumor staging before treatment. To explore a 
functional tumor remission and improve survival outcomes, researchers are seeking 
a balance between swallowing-voice rehabilitation and organ preservation. Also, 
the treatment requires cooperation involved specialized expertise and a multi-dis-
ciplinary team to benefit patients. Future directions will focus on refining surgery 
to afford functional organ preservation and radiotherapy techniques. Furthermore, 
it is important to regard to influence patient outcomes; there also needs to be more 
emphasis on non-surgery therapy’s toxicity.

Acknowledgements

This work was supported by grants from the Youth Program of Guangxi Natural 
Science Foundation of China (2018GXNSFBA281158) and High-level Talent 
Introduction Plan of the First Affiliated Hospital of Guangxi Medical University 
(the fifth level).

Conflict of interest

The authors declare no conflict of interest.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



103

Hypopharyngeal Cancer: Staging, Diagnosis, and Therapy
DOI: http://dx.doi.org/10.5772/intechopen.97462

References

[1] Hall, S.F., et al., The natural history 
of patients with squamous cell 
carcinoma of the hypopharynx. 
Laryngoscope, 2008. 118(8): p. 1362-
1371. DOI: 10.1097/
MLG.0b013e318173dc4a

[2] Silver, C.E., et al., Current trends in 
initial management of laryngeal cancer: 
the declining use of open surgery. Eur 
Arch Otorhinolaryngol, 2009. 266(9): p. 
1333-1352. DOI: 10.1007/
s00405-009-1028-2

[3] Ferlay, J., et al., Cancer incidence and 
mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 
2012. Int J Cancer, 2015. 136(5): p. 
E359–E386. DOI: 10.1002/ijc.29210

[4] Shield, K.D., et al., The global 
incidence of lip, oral cavity, and 
pharyngeal cancers by subsite in 2012. 
CA Cancer J Clin, 2017. 67(1): p. 51-64. 
DOI: 10.3322/caac.21384

[5] Kuo, P., et al., Hypopharyngeal 
cancer incidence, treatment, and 
survival: temporal trends in the United 
States. Laryngoscope, 2014. 124(9): p. 
2064-9. DOI: 10.1002/lary.24651

[6] Global Burden of Disease Cancer, C., 
et al., Global, Regional, and National 
Cancer Incidence, Mortality, Years of 
Life Lost, Years Lived With Disability, 
and Disability-Adjusted Life-years for 
32 Cancer Groups, 1990 to 2015: A 
Systematic Analysis for the Global 
Burden of Disease Study. JAMA Oncol, 
2017. 3(4): p. 524-548. DOI: 10.1001/
jamaoncol.2016.5688

[7] Chow, L.Q.M., Head and Neck 
Cancer. N Engl J Med, 2020. 382(1): p. 
60-72. DOI: 10.1056/NEJMra1715715

[8] Canto, M.T. and S.S. Devesa, Oral 
cavity and pharynx cancer incidence 
rates in the United States, 1975-1998. 
Oral Oncol, 2002. 38(6): p. 610-617. 
DOI: 10.1016/s1368-8375(01)00109-9

[9] Newman, J.R., et al., Survival trends 
in hypopharyngeal cancer: a population-
based review. Laryngoscope, 2015. 
125(3): p. 624-629. DOI: 10.1002/
lary.24915

[10] Siddiqui, F., et al., Squamous 
carcinoma of the larynx and 
hypopharynx in children: a distinct 
clinical entity? Med Pediatr Oncol, 
2003. 40(5): p. 322-324. DOI: 10.1002/
mpo.10291

[11] Avincsal, M.O., et al., Impact of 
alcohol dehydrogenase-aldehyde 
dehydrogenase polymorphism on 
clinical outcome in patients with 
hypopharyngeal cancer. Head Neck, 
2018. 40(4): p. 770-777. DOI: 10.1002/
hed.25050

[12] Maier, H., et al., Chronic alcohol 
consumption--the key risk factor for 
pharyngeal cancer. Otolaryngol Head 
Neck Surg, 1994. 110(2): p. 168-173. 
DOI: 10.1177/019459989411000205

[13] Blot, W.J., et al., Smoking and 
drinking in relation to oral and 
pharyngeal cancer. Cancer Res, 1988. 
48(11): p. 3282-3287.

[14] Choi, S.Y. and H. Kahyo, Effect of 
cigarette smoking and alcohol 
consumption in the aetiology of cancer 
of the oral cavity, pharynx and larynx. 
Int J Epidemiol, 1991. 20(4): p. 878-885. 
DOI: 10.1093/ije/20.4.878

[15] El-Serag, H.B., et al., 
Gastroesophageal reflux disease is a risk 
factor for laryngeal and pharyngeal 
cancer. Am J Gastroenterol, 2001. 
96(7): p. 2013-2018. DOI: 
10.1111/j.1572-0241.2001.03934.x

[16] Couch, M.E., et al., Cancer cachexia 
update in head and neck cancer: 
Pathophysiology and treatment. Head 
Neck, 2015. 37(7): p. 1057-1072. DOI: 
10.1002/hed.23696



Pharynx - Diagnosis and Treatment

104

[17] Anderson, S.R. and J.T. Sinacori, 
Plummer-Vinson syndrome heralded by 
postcricoid carcinoma. Am J 
Otolaryngol, 2007. 28(1): p. 22-24. DOI: 
10.1016/j.amjoto.2006.06.004

[18] Wahlberg, P.C., et al., Carcinoma of 
the hypopharynx: analysis of incidence 
and survival in Sweden over a 30-year 
period. Head Neck, 1998. 20(8): p. 
714-719. DOI: 10.1002/(sici)1097-0347 
(199812)20:8<714::aid-hed9>3.0.co;2-2

[19] Lee, H.M., et al., Current 
Perspectives on Nasopharyngeal 
Carcinoma. Adv Exp Med Biol, 2019. 
1164: p. 11-34. DOI: 10.1007/978-3- 
030-22254-3_2

[20] Pongsapich, W., et al., Prevalence of 
HPV infection in hypopharyngeal and 
laryngeal squamous cell carcinoma at 
Thailand's largest tertiary referral 
center. Infect Agent Cancer, 2017. 12: p. 
58. DOI: 10.1186/s13027-017-0167-0

[21] Dalianis, T., et al., Human 
papillomavirus DNA and p16(INK4a) 
expression in hypopharyngeal cancer 
and in relation to clinical outcome, in 
Stockholm, Sweden. Oral Oncol, 2015. 
51(9): p. 857-861. DOI: 10.1016/j.
oraloncology.2015.06.002

[22] Goldenberg, D., et al., Epstein-Barr 
virus in head and neck cancer assessed 
by quantitative polymerase chain 
reaction. Laryngoscope, 2004. 114(6): 
p. 1027-1031. DOI: 10.1097/00005537- 
200406000-00013

[23] Ndiaye, C., et al., HPV DNA, E6/E7 
mRNA, and p16INK4a detection in head 
and neck cancers: a systematic review 
and meta-analysis. Lancet Oncol, 2014. 
15(12): p. 1319-1331. DOI: 10.1016/
S1470-2045(14)70471-1

[24] Zhou, L., et al., Evaluation of 
Epstein-Barr Virus infection in 
hypopharyngeal carcinomas from 37 
Japanese patients. Mod Pathol, 1998. 
11(6): p. 509-512.

[25] Helliwell, T.R., acp Best Practice No 
169. Evidence based pathology: 
squamous carcinoma of the 
hypopharynx. J Clin Pathol, 2003. 
56(2): p. 81-85. DOI: 10.1136/jcp.56.2.81

[26] Amin, M.B., American Joint 
Committee on Cancer., and American 
Cancer Society., AJCC cancer staging 
manual. Eight edition / editor-in-chief, 
Mahul B. Amin, MD, FCAP ; editors, 
Stephen B. Edge, MD, FACS and 16 
others ; Donna M. Gress, RHIT, CTR - 
Technical editor ; Laura R. Meyer, 
CAPM - Managing editor. ed. 2017, 
Chicago IL: American Joint Committee 
on Cancer, Springer. xvii, 1024 pages.

[27] Sarradin, V., et al., [WHO 
classification of head and neck tumours 
2017: Main novelties and update of 
diagnostic methods]. Bull Cancer, 2018. 
105(6): p. 596-602. DOI: 10.1016/j.
bulcan.2018.04.004

[28] Uzcudun, A.E., et al., Clinical 
features of pharyngeal cancer: a 
retrospective study of 258 consecutive 
patients. J Laryngol Otol, 2001.  
115(2): p. 112-118. DOI: 10.1258/ 
0022215011907703

[29] Spector, G.J., Distant metastases 
from laryngeal and hypopharyngeal 
cancer. ORL J Otorhinolaryngol Relat 
Spec, 2001. 63(4): p. 224-228. DOI: 
10.1159/000055746

[30] Newkirk, K.A., et al., Planned neck 
dissection for advanced primary head 
and neck malignancy treated with organ 
preservation therapy: disease control 
and survival outcomes. Head Neck, 
2001. 23(2): p. 73-79. DOI: 10.1002/ 
1097-0347(200102)23:2<73::aid-
hed1001>3.0.co;2-6

[31] Chung, E.J., et al., Pattern of 
cervical lymph node metastasis in 
medial wall pyriform sinus carcinoma. 
Laryngoscope, 2014. 124(4): p. 882-887. 
DOI: 10.1002/lary.24299



105

Hypopharyngeal Cancer: Staging, Diagnosis, and Therapy
DOI: http://dx.doi.org/10.5772/intechopen.97462

[32] Kim, S.Y., et al., Clinicopathological 
factors influencing the outcomes of 
surgical treatment in patients with T4a 
hypopharyngeal cancer. BMC Cancer, 
2017. 17(1): p. 904. DOI: 10.1186/
s12885-017-3880-6

[33] Kotwall, C., et al., Metastatic 
patterns in squamous cell cancer of the 
head and neck. Am J Surg, 1987. 154(4): 
p. 439-442. DOI: 10.1016/0002-9610 
(89)90020-2

[34] Lee, D.H., et al., Second cancer 
incidence, risk factor, and specific 
mortality in head and neck squamous 
cell carcinoma. Otolaryngol Head Neck 
Surg, 2013. 149(4): p. 579-586. DOI: 
10.1177/0194599813496373

[35] Strong, M.S., J. Incze, and C.W. 
Vaughan, Field cancerization in the 
aerodigestive tract--its etiology, 
manifestation, and significance. J 
Otolaryngol, 1984. 13(1): p. 1-6.

[36] Chang, C.C., et al., Influence of 
residential environment and lifestyle on 
multiple primary malignancies in 
Taiwan. Asian Pac J Cancer Prev, 2015. 
16(8): p. 3533-3538. DOI: 10.7314/
apjcp.2015.16.8.3533

[37] Katada, C., et al., Alcohol 
Consumption and Multiple Dysplastic 
Lesions Increase Risk of Squamous Cell 
Carcinoma in the Esophagus, Head, and 
Neck. Gastroenterology, 2016. 151(5): p. 
860-869 e7. DOI: 10.1053/j.
gastro.2016.07.040

[38] Shaha, A.R., et al., Synchronicity, 
multicentricity, and metachronicity of 
head and neck cancer. Head Neck Surg, 
1988. 10(4): p. 225-228. DOI: 10.1002/
j.1930-2398.1988.tb00003.x

[39] Liu, W.S., et al., Secondary primary 
cancer in patients with head and neck 
carcinoma: the differences among 
hypopharyngeal, laryngeal, and other 
sites of head and neck cancer. Eur J 
Cancer Care (Engl), 2014. 23(1): p. 
36-42. DOI: 10.1111/ecc.12084

[40] Lee, K.D., et al., The incidence and 
risk of developing a second primary 
esophageal cancer in patients with oral 
and pharyngeal carcinoma: a 
population-based study in Taiwan over a 
25 year period. BMC Cancer, 2009. 9: p. 
373. DOI: 10.1186/1471-2407-9-373

[41] Lien, C.F., et al., Cortactin as a 
potential predictor of second  
esophageal neoplasia in hypopharyngeal 
carcinoma. Auris Nasus Larynx, 2019. 
46(2): p. 260-266. DOI: 10.1016/j.
anl.2018.08.002

[42] Kotarba, E., [Surgical treatment of 
tumors of the external ear]. Przegl 
Dermatol, 1990. 77(1): p. 61-67.

[43] Lee, C.T., et al., Narrow-band 
imaging with magnifying endoscopy for 
the screening of esophageal cancer in 
patients with primary head and neck 
cancers. Endoscopy, 2010. 42(8): p. 
613-619. DOI: 10.1055/s-0030-1255514

[44] Eckel, H.E., et al., Surgical 
treatment for hypopharynx carcinoma: 
feasibility, mortality, and results. 
Otolaryngol Head Neck Surg, 2001. 
124(5): p. 561-569. DOI: 10.1067/
mhn.2001.115060

[45] Lydiatt, W.M., et al., Head and Neck 
cancers-major changes in the American 
Joint Committee on cancer eighth 
edition cancer staging manual. CA 
Cancer J Clin, 2017. 67(2): p. 122-137. 
DOI: 10.3322/caac.21389

[46] Takes, R.P., et al., Current trends in 
initial management of hypopharyngeal 
cancer: the declining use of open 
surgery. Head Neck, 2012. 34(2): p. 
270-281. DOI: 10.1002/hed.21613

[47] Olzowy, B., M. Hillebrand, and U. 
Harreus, Frequency of bilateral cervical 
metastases in hypopharyngeal 
squamous cell carcinoma: a 
retrospective analysis of 203 cases after 
bilateral neck dissection. Eur Arch 
Otorhinolaryngol, 2017. 274(11): p. 



Pharynx - Diagnosis and Treatment

106

3965-3970. DOI: 10.1007/
s00405-017-4724-3

[48] Hoffman, H.T., et al., 
Hypopharyngeal cancer patient care 
evaluation. Laryngoscope, 1997. 107(8): 
p. 1005-1017. DOI: 
10.1097/00005537-199708000-00001

[49] Kowalski, L.P. and A.L. Carvalho, 
Natural history of untreated head and 
neck cancer. Eur J Cancer, 2000. 36(8): 
p. 1032-1037. DOI: 10.1016/
s0959-8049(00)00054-x

[50] Choi, H.G., B. Park, and S.H. Ahn, 
Untreated head and neck cancer in 
Korea: a national cohort study. Eur Arch 
Otorhinolaryngol, 2017. 274(3): p. 
1643-1650. DOI: 10.1007/s00405- 
016-4392-8

[51] Chan, J.Y. and W.I. Wei, Current 
management strategy of 
hypopharyngeal carcinoma. Auris Nasus 
Larynx, 2013. 40(1): p. 2-6. DOI: 
10.1016/j.anl.2011.11.009

[52] Mok, G., et al., Outcomes of 
intensity-modulated radiotherapy 
versus conventional radiotherapy for 
hypopharyngeal cancer. Head Neck, 
2015. 37(5): p. 655-661. DOI: 10.1002/
hed.23649

[53] Lin, A., et al., Quality of life after 
parotid-sparing IMRT for head-and-
neck cancer: a prospective longitudinal 
study. Int J Radiat Oncol Biol Phys, 
2003. 57(1): p. 61-70. DOI: 10.1016/
s0360-3016(03)00361-4

[54] Eisbruch, A., et al., Recurrences 
near base of skull after IMRT for 
head-and-neck cancer: implications for 
target delineation in high neck and for 
parotid gland sparing. Int J Radiat Oncol 
Biol Phys, 2004. 59(1): p. 28-42. DOI: 
10.1016/j.ijrobp.2003.10.032

[55] Pracy, P., et al., Hypopharyngeal 
cancer: United Kingdom National 

Multidisciplinary Guidelines. J Laryngol 
Otol, 2016. 130(S2): p. S104-S110. DOI: 
10.1017/S0022215116000529

[56] Martin, A., et al., Organ preserving 
transoral laser microsurgery for cancer 
of the hypopharynx. Laryngoscope, 
2008. 118(3): p. 398-402. DOI: 10.1097/
MLG.0b013e31815aeda3

[57] Rabbani, A., et al., Definitive 
radiotherapy for T1-T2 squamous cell 
carcinoma of pyriform sinus. Int J 
Radiat Oncol Biol Phys, 2008. 72(2): p. 
351-355. DOI: 10.1016/j.
ijrobp.2008.01.003

[58] Garden, A.S., et al., Early squamous 
cell carcinoma of the hypopharynx: 
outcomes of treatment with radiation 
alone to the primary disease. Head 
Neck, 1996. 18(4): p. 317-322. DOI: 
10.1002/(SICI)1097-0347(199607/08) 
18:4<317::AID-HED2>3.0.CO;2-0

[59] Amdur, R.J., et al., Organ 
preservation with radiotherapy for 
T1-T2 carcinoma of the pyriform sinus. 
Head Neck, 2001. 23(5): p. 353-362. 
DOI: 10.1002/hed.1044

[60] Amdur, R.J., et al., Postoperative 
irradiation for squamous cell carcinoma 
of the head and neck: an analysis of 
treatment results and complications. Int 
J Radiat Oncol Biol Phys, 1989. 16(1): 
p. 25-36. DOI: 10.1016/0360-3016(89) 
90006-0

[61] Fein, D.A., et al., Pharyngeal wall 
carcinoma treated with radiotherapy: 
impact of treatment technique and 
fractionation. Int J Radiat Oncol Biol 
Phys, 1993. 26(5): p. 751-757. DOI: 
10.1016/0360-3016(93)90488-h

[62] Mendenhall, W.M., et al., Squamous 
cell carcinoma of the pyriform sinus 
treated with surgery and/or 
radiotherapy. Head Neck Surg, 1987. 
10(2): p. 88-92. DOI: 10.1002/
hed.2890100205



107

Hypopharyngeal Cancer: Staging, Diagnosis, and Therapy
DOI: http://dx.doi.org/10.5772/intechopen.97462

[63] Nakamura, K., et al., Multi-
institutional analysis of early squamous 
cell carcinoma of the hypopharynx 
treated with radical radiotherapy. Int J 
Radiat Oncol Biol Phys, 2006. 65(4): p. 
1045-1050. DOI: 10.1016/j.
ijrobp.2006.02.001

[64] Edson, M.A., et al., Outcomes for 
hypopharyngeal carcinoma treated with 
organ-preservation therapy. Head Neck, 
2016. 38 Suppl 1: p. E2091–E2099. DOI: 
10.1002/hed.24387

[65] Wei, W.I., The dilemma of treating 
hypopharyngeal carcinoma: more or 
less: Hayes Martin Lecture. Arch 
Otolaryngol Head Neck Surg, 2002. 
128(3): p. 229-232. DOI: 10.1001/
archotol.128.3.229

[66] Julieron, M., et al., Surgical 
management of posterior pharyngeal 
wall carcinomas: functional and 
oncologic results. Head Neck, 2001. 
23(2): p. 80-86. DOI: 10.1002/1097-0347 
(200102)23:2<80::aid-hed1002>3.0.co;2-3

[67] Spiro, R.H., et al., Squamous 
carcinoma of the posterior pharyngeal 
wall. Am J Surg, 1990. 160(4): p. 
420-423. DOI: 10.1016/
s0002-9610(05)80557-4

[68] Cooper, J.S., et al., Postoperative 
concurrent radiotherapy and 
chemotherapy for high-risk squamous-
cell carcinoma of the head and neck. N 
Engl J Med, 2004. 350(19): p. 1937-
1944. DOI: 10.1056/NEJMoa032646

[69] Park, Y.M., et al., The long-term 
oncological and functional outcomes of 
transoral robotic surgery in patients 
with hypopharyngeal cancer. Oral 
Oncol, 2017. 71: p. 138-143. DOI: 
10.1016/j.oraloncology.2017.06.016

[70] Weiss, B.G., et al., Transoral laser 
microsurgery for treatment for 
hypopharyngeal cancer in 211 patients. 
Head Neck, 2017. 39(8): p. 1631-1638. 
DOI: 10.1002/hed.24814

[71] White, H., et al., Salvage surgery for 
recurrent cancers of the oropharynx: 
comparing TORS with standard open 
surgical approaches. JAMA Otolaryngol 
Head Neck Surg, 2013. 139(8): p. 773-8. 
DOI: 10.1001/jamaoto.2013.3866

[72] Steiner, W., et al., Organ 
preservation by transoral laser 
microsurgery in piriform sinus 
carcinoma. Otolaryngol Head Neck 
Surg, 2001. 124(1): p. 58-67. DOI: 
10.1067/mhn.2001.111597

[73] Vilaseca, I., et al., CO2 laser surgery: 
a larynx preservation alternative for 
selected hypopharyngeal carcinomas. 
Head Neck, 2004. 26(11): p. 953-959. 
DOI: 10.1002/hed.20074

[74] Werner, J.A., Transoral resection of 
laryngeal and hypopharyngeal cancer is 
an established surgical procedure. Eur 
Arch Otorhinolaryngol, 2015. 272(1): p. 
1-2. DOI: 10.1007/s00405-014-3359-x

[75] Bernal-Sprekelsen, M., I. Vilaseca-
Gonzalez, and J.L. Blanch-Alejandro, 
Predictive values for aspiration after 
endoscopic laser resections of malignant 
tumors of the hypopharynx and larynx. 
Head Neck, 2004. 26(2): p. 103-110. 
DOI: 10.1002/hed.10363

[76] Imanishi, Y., et al., Clinical outcomes 
of transoral videolaryngoscopic surgery 
for hypopharyngeal and supraglottic 
cancer. BMC Cancer, 2017. 17(1): p. 445. 
DOI: 10.1186/s12885-017-3396-0

[77] Rudert, H.H. and S. Hoft, Transoral 
carbon-dioxide laser resection of 
hypopharyngeal carcinoma. Eur Arch 
Otorhinolaryngol, 2003. 260(4): 
p. 198-206. DOI: 10.1007/s00405- 
002-0520-8

[78] Suarez, C., et al., Laser surgery for 
early to moderately advanced glottic, 
supraglottic, and hypopharyngeal 
cancers. Head Neck, 2012. 34(7): p. 
1028-1035. DOI: 10.1002/hed.21766



Pharynx - Diagnosis and Treatment

108

[79] Vilaseca, I., J.L. Blanch, and M. 
Bernal-Sprekelsen, Transoral laser 
surgery for hypopharyngeal carcinomas. 
Curr Opin Otolaryngol Head Neck Surg, 
2012. 20(2): p. 97-102. DOI: 10.1097/
MOO.0b013e32834fa8fe

[80] Karatzanis, A.D., et al., T1 and T2 
hypopharyngeal cancer treatment with 
laser microsurgery. J Surg Oncol, 2010. 
102(1): p. 27-33. DOI: 10.1002/jso.21550

[81] Lorincz, B.B., et al., Feasibility and 
safety of transoral robotic surgery 
(TORS) for early hypopharyngeal 
cancer: a subset analysis of the Hamburg 
University TORS-trial. Eur Arch 
Otorhinolaryngol, 2015. 272(10): p. 
2993-2998. DOI: 10.1007/
s00405-014-3259-0

[82] Lorincz, B.B., N. Jowett, and R. 
Knecht, Decision management in 
transoral robotic surgery: Indications, 
individual patient selection, and role in 
the multidisciplinary treatment for head 
and neck cancer from a European 
perspective. Head Neck, 2016. 38 Suppl 
1: p. E2190–E2196. DOI: 10.1002/
hed.24059

[83] Park, Y.M., et al., Feasiblity of 
transoral robotic hypopharyngectomy 
for early-stage hypopharyngeal 
carcinoma. Oral Oncol, 2010. 46(8): p. 
597-602. DOI: 10.1016/j.
oraloncology.2010.05.003

[84] Lagha, A., et al., Larynx 
preservation: what is the best non-
surgical strategy? Crit Rev Oncol 
Hematol, 2013. 88(2): p. 447-458. DOI: 
10.1016/j.critrevonc.2013.05.005

[85] Peters, L.J., et al., Evaluation of the 
dose for postoperative radiation therapy 
of head and neck cancer: first report of a 
prospective randomized trial. Int J 
Radiat Oncol Biol Phys, 1993. 26(1): p. 
3-11. DOI: 10.1016/0360- 
3016(93)90167-t

[86] Vikram, B., et al., Failure at the 
primary site following multimodality 

treatment in advanced head and neck 
cancer. Head Neck Surg, 1984. 6(3): p. 
720-3. DOI: 10.1002/hed.2890060303

[87] Frank, J.L., et al., Postoperative 
radiotherapy improves survival in 
squamous cell carcinoma of the 
hypopharynx. Am J Surg, 1994. 168(5): 
p. 476-480. DOI: 10.1016/
s0002-9610(05)80105-9

[88] Tupchong, L., et al., Randomized 
study of preoperative versus 
postoperative radiation therapy in 
advanced head and neck carcinoma: 
long-term follow-up of RTOG study 
73-03. Int J Radiat Oncol Biol Phys, 
1991. 20(1): p. 21-28. DOI: 
10.1016/0360-3016(91)90133-o

[89] Bourhis, J., et al., Concomitant 
chemoradiotherapy versus acceleration 
of radiotherapy with or without 
concomitant chemotherapy in locally 
advanced head and neck carcinoma 
(GORTEC 99-02): an open-label phase 3 
randomised trial. Lancet Oncol, 2012. 
13(2): p. 145-153. DOI: 10.1016/
S1470-2045(11)70346-1

[90] Rosenthal, D.I. and K.K. Ang, 
Altered radiation therapy fractionation, 
chemoradiation, and patient selection 
for the treatment of head and neck 
squamous carcinoma. Semin Radiat 
Oncol, 2004. 14(2): p. 153-166. DOI: 
10.1053/j.semradonc.2004.01.001

[91] Pignon, J.P., et al., Meta-analysis of 
chemotherapy in head and neck cancer 
(MACH-NC): an update on 93 
randomised trials and 17,346 patients. 
Radiother Oncol, 2009. 92(1): p. 4-14. 
DOI: 10.1016/j.radonc.2009.04.014

[92] Cohen, E.E., M.W. Lingen, and E.E. 
Vokes, The expanding role of systemic 
therapy in head and neck cancer. J Clin 
Oncol, 2004. 22(9): p. 1743-1752. DOI: 
10.1200/JCO.2004.06.147

[93] Lefebvre, J.L., et al., Laryngeal 
preservation with induction 



109

Hypopharyngeal Cancer: Staging, Diagnosis, and Therapy
DOI: http://dx.doi.org/10.5772/intechopen.97462

chemotherapy for hypopharyngeal 
squamous cell carcinoma: 10-year 
results of EORTC trial 24891. Ann 
Oncol, 2012. 23(10): p. 2708-2714. DOI: 
10.1093/annonc/mds065

[94] Rosenthal, D.I. and A.I. Blanco, 
Head and neck squamous cell 
carcinoma: optimizing the therapeutic 
index. Expert Rev Anticancer Ther, 
2005. 5(3): p. 501-514. DOI: 
10.1586/14737140.5.3.501

[95] Staton, J., et al., Factors predictive 
of poor functional outcome after 
chemoradiation for advanced laryngeal 
cancer. Otolaryngol Head Neck Surg, 
2002. 127(1): p. 43-47. DOI: 10.1067/
mhn.2002.124473

[96] Gourin, C.G. and D.J. Terris, 
Carcinoma of the hypopharynx. Surg 
Oncol Clin N Am, 2004. 13(1): p. 81-98. 
DOI: 10.1016/S1055-3207(03)00122-4

[97] Eisbruch, A., et al., Objective 
assessment of swallowing dysfunction 
and aspiration after radiation 
concurrent with chemotherapy for 
head-and-neck cancer. Int J Radiat 
Oncol Biol Phys, 2002. 53(1): p. 23-28. 
DOI: 10.1016/s0360-3016(02)02712-8

[98] Vokes, E.E., et al., Concomitant 
chemoradiotherapy as primary therapy 
for locoregionally advanced head and 
neck cancer. J Clin Oncol, 2000. 18(8): 
p. 1652-1661. DOI: 10.1200/
JCO.2000.18.8.1652

[99] Forastiere, A.A., N. Ismaila, and 
G.T. Wolf, Use of Larynx-Preservation 
Strategies in the Treatment of Laryngeal 
Cancer: American Society of Clinical 
Oncology Clinical Practice Guideline 
Update Summary. J Oncol Pract, 2018. 
14(2): p. 123-128. DOI: 10.1200/
JOP.2017.027912

[100] Pfister, D.G., et al., Head and Neck 
Cancers, Version 2.2020, NCCN Clinical 
Practice Guidelines in Oncology. J Natl 
Compr Canc Netw, 2020. 18(7): p. 
873-898. DOI: 10.6004/jnccn.2020.0031

[101] Joshi, P., et al., Thyroid gland 
involvement in carcinoma of the 
hypopharynx. J Laryngol Otol, 2014. 
128(1): p. 64-67. DOI: 10.1017/
S0022215113003277

[102] Kraus, D.H., et al., Salvage 
laryngectomy for unsuccessful larynx 
preservation therapy. Ann Otol  
Rhinol Laryngol, 1995. 104(12):  
p. 936-941. DOI: 10.1177/ 
000348949510401204

[103] Clark, J.R., et al., Primary and 
salvage (hypo)pharyngectomy: Analysis 
and outcome. Head Neck, 2006. 28(8): 
p. 671-677. DOI: 10.1002/hed.20428

[104] Laccourreye, O., et al., Supracricoid 
hemilaryngopharyngectomy in selected 
pyriform sinus carcinoma staged as 
T2. Laryngoscope, 1993. 103(12): 
p. 1373-1379. DOI: 10.1288/00005537- 
199312000-00010

[105] Laccourreye, O., et al., Supracricoid 
hemilaryngopharyngectomy in patients 
with invasive squamous cell carcinoma 
of the pyriform sinus. Part I: Technique, 
complications, and long-term functional 
outcome. Ann Otol Rhinol Laryngol, 
2005. 114(1 Pt 1): p. 25-34. DOI: 
10.1177/000348940511400106

[106] Chevalier, D., et al., Supraglottic 
hemilaryngopharyngectomy plus 
radiation for the treatment of early 
lateral margin and pyriform sinus 
carcinoma. Head Neck, 1997. 19(1): p. 
1-5. DOI: 10.1002/(sici)1097-0347 
(199701)19:1<1::aid-hed1>3.0.co;2-a

[107] Lecanu, J.B., et al., Conservative 
surgery in T3-T4 pharyngolaryngeal 
squamous cell carcinoma: an alternative 
to radiation therapy and to total 
laryngectomy for good responders to 
induction chemotherapy. Laryngoscope, 
2000. 110(3 Pt 1): p. 412-416. DOI: 
10.1097/00005537-200003000-00015

[108] Chawla, S. and A.S. Carney, Organ 
preservation surgery for laryngeal 



Pharynx - Diagnosis and Treatment

110

cancer. Head Neck Oncol, 2009. 1: p. 12. 
DOI: 10.1186/1758-3284-1-12

[109] Thorp, M.A., et al., Parathyroid 
and thyroid function five years after 
treatment of laryngeal and 
hypopharyngeal carcinoma. Clin 
Otolaryngol Allied Sci, 1999. 24(2): 
p. 104-108. DOI: 10.1046/j.1365-2273. 
1999.00214.x

[110] Lo Galbo, A.M., et al., A 
prospective longitudinal study on 
endocrine dysfunction following 
treatment of laryngeal or 
hypopharyngeal carcinoma. Oral Oncol, 
2013. 49(9): p. 950-955. DOI: 10.1016/j.
oraloncology.2013.03.450

[111] Buckley, J.G. and K. MacLennan, 
Cervical node metastases in laryngeal 
and hypopharyngeal cancer: a 
prospective analysis of prevalence and 
distribution. Head Neck, 2000. 22(4): p. 
380-385. DOI: 10.1002/1097-0347 
(200007)22:4<380::aid-hed11>3.0.co;2-e

[112] Lefebvre, J.L., et al., Lymph node 
invasion in hypopharynx and lateral 
epilarynx carcinoma: a prognostic 
factor. Head Neck Surg, 1987. 10(1): p. 
14-18. DOI: 10.1002/hed.2890100104

[113] Candela, F.C., K. Kothari, and J.P. 
Shah, Patterns of cervical node 
metastases from squamous carcinoma 
of the oropharynx and hypopharynx. 
Head Neck, 1990. 12(3): p. 197-203. 
DOI: 10.1002/hed.2880120302

[114] Wu, A.J., et al., Radiotherapy after 
surgical resection for head and neck 
mucosal melanoma. Am J Clin Oncol, 
2010. 33(3): p. 281-285. DOI: 10.1097/
COC.0b013e3181a879f5

[115] de Mones, E., et al., Initial staging 
of squamous cell carcinoma of the oral 
cavity, larynx and pharynx (excluding 
nasopharynx). Part 2: Remote extension 
assessment and exploration for 
secondary synchronous locations 
outside of the upper aerodigestive tract. 

2012 SFORL guidelines. Eur Ann 
Otorhinolaryngol Head Neck Dis, 2013. 
130(2): p. 107-112. DOI: 10.1016/j.
anorl.2012.09.003

[116] Timon, C.V., M. Toner, and B.J. 
Conlon, Paratracheal lymph node 
involvement in advanced cancer of the 
larynx, hypopharynx, and cervical 
esophagus. Laryngoscope, 2003. 113(9): 
p. 1595-9. DOI: 10.1097/00005537- 
200309000-00035

[117] Martins, A.S., Neck and 
mediastinal node dissection in 
pharyngolaryngoesophageal tumors. 
Head Neck, 2001. 23(9): p. 772-9. DOI: 
10.1002/hed.1110

[118] Clayman, G.L., et al., Laryngeal 
preservation for advanced laryngeal and 
hypopharyngeal cancers. Arch 
Otolaryngol Head Neck Surg, 1995. 
121(2): p. 219-223. DOI: 10.1001/
archotol.1995.01890020081015

[119] Chung, E.J., et al., Pattern of lymph 
node metastasis in hypopharyngeal 
squamous cell carcinoma and 
indications for level VI lymph node 
dissection. Head Neck, 2016. 38 Suppl 1: 
p. E1969–E1973. DOI: 10.1002/
hed.24361

[120] Hasegawa, Y. and H. Matsuura, 
Retropharyngeal node dissection in 
cancer of the oropharynx and 
hypopharynx. Head Neck, 1994. 16(2): 
p. 173-180. DOI: 10.1002/
hed.2880160212

[121] Kirchner, J.A., Pyriform sinus cancer: 
a clinical and laboratory study. Ann Otol 
Rhinol Laryngol, 1975. 84(6): p. 793-803. 
DOI: 10.1177/000348947508400611

[122] Terhaard, C.H., et al., F-18-fluoro-
deoxy-glucose positron-emission 
tomography scanning in detection of 
local recurrence after radiotherapy for 
laryngeal/ pharyngeal cancer. Head 
Neck, 2001. 23(11): p. 933-941. DOI: 
10.1002/hed.1135



111

Hypopharyngeal Cancer: Staging, Diagnosis, and Therapy
DOI: http://dx.doi.org/10.5772/intechopen.97462

[123] Ho, C.M., et al., Squamous cell 
carcinoma of the hypopharynx--
analysis of treatment results. Head 
Neck, 1993. 15(5): p. 405-412. DOI: 
10.1002/hed.2880150507

[124] Lowe, V.J., et al., Surveillance for 
recurrent head and neck cancer using 
positron emission tomography. J Clin 
Oncol, 2000. 18(3): p. 651-658. DOI: 
10.1200/JCO.2000.18.3.651

[125] Conessa, C., et al., FDG-PET scan 
in local follow-up of irradiated head 
and neck squamous cell carcinomas. 
Ann Otol Rhinol Laryngol, 2004. 
113(8): p. 628-635. DOI: 10.1177/ 
000348940411300806

[126] Bataini, J.P., et al., Significance and 
therapeutic implications of tumor 
regression following radiotherapy in 
patients treated for squamous cell 
carcinoma of the oropharynx and 
pharyngolarynx. Head Neck, 1990. 
12(1): p. 41-49. DOI: 10.1002/
hed.2880120106

[127] Chmura, S.J., M.T. Milano, and 
D.J. Haraf, Reirradiation of recurrent 
head and neck cancers with curative 
intent. Semin Oncol, 2004. 31(6): 
p. 816-821. DOI: 10.1053/j.seminoncol. 
2004.09.003

[128] Creak, A.L., K. Harrington, and C. 
Nutting, Treatment of recurrent head 
and neck cancer: re-irradiation or 
chemotherapy? Clin Oncol (R Coll 
Radiol), 2005. 17(3): p. 138-147. DOI: 
10.1016/j.clon.2004.10.008

[129] Leemans, C.R., P.J.F. Snijders, and 
R.H. Brakenhoff, The molecular 
landscape of head and neck cancer. Nat 
Rev Cancer, 2018. 18(5): p. 269-282. 
DOI: 10.1038/nrc.2018.11

[130] Ferris, R.L., et al., Nivolumab for 
Recurrent Squamous-Cell Carcinoma of 
the Head and Neck. N Engl J Med, 2016. 
375(19): p. 1856-1867. DOI: 10.1056/
NEJMoa1602252

[131] Cramer, J.D., et al., The changing 
therapeutic landscape of head and neck 
cancer. Nat Rev Clin Oncol, 2019. 
16(11): p. 669-683. DOI: 10.1038/
s41571-019-0227-z





113

Chapter 8

Role of Organ Preservation 
in Locally Advanced 
Hypopharyngeal Carcinoma
Farida Nazeer, Rejnish Ravi Kumar, Malu Rafi, 
Lekha M. Nair, Kainickal Cessal Thommachan  
and Kunnambath Ramadas

Abstract

Hypopharyngeal carcinoma is relatively rare and has the worst prognosis of all 
head and neck cancers. Initially, surgery followed by postoperative radiation was 
the standard of care for locally advanced disease. In the recent years, various organ 
sparing approaches have evolved. There are mainly two schools of thought regard-
ing larynx preservation in hypopharyngeal cancers which include either induction 
chemotherapy followed by response assessment for radical radiotherapy or concur-
rent chemoradiation. An ongoing trial is comparing the effectiveness between these 
two established approaches. The role of anti-EGFR therapy and immunotherapy is 
still being evaluated. Despite all the advancements in treatment, hypopharyngeal 
cancers are still associated with poor treatment outcomes.

Keywords: organ preservation, hypopharyngeal cancer, locally advanced, induction 
chemotherapy, concurrent chemoradiation

1. Introduction

Hypopharyngeal carcinoma accounts for about 3% of all head and neck cancers 
[1]. Anatomically, the subsites include the piriform sinus, the posterior pharyngeal 
wall, and the post-cricoid region up to the esophageal inlet. Mostly squamous 
cell carcinoma of the hypopharynx presents as a locally advanced disease which 
is constituted by Stage III and IVa. Initially, surgery followed by postoperative 
radiotherapy was the most common treatment modality for these patients. The 
exploration of organ preservation approaches has opened a new area of research in 
hypopharyngeal and laryngeal tumors. The role of definitive radiotherapy (RT) was 
explored since the beginning of the twentieth century. Later, the role of chemo-
therapy either as induction or concurrent in addition to RT was also investigated. 
Despite all these available approaches, hypopharyngeal carcinomas still have the 
worst prognosis of all head and neck cancers with a reported 5-year overall survival 
rate of about 30–35% [2, 3]. About 50% of patients develop local recurrence within 
the first year itself and the majority develop distant metastasis too [3].
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2. Locally advanced carcinoma hypopharynx

Laryngeal preservation can be explained as the maintenance of the function of 
the larynx which excludes laryngectomy, long-term tracheostomy, and long-term 
feeding tube. The definition of larynx preservation was made more accurate in 2009 
by a group of experts who defined the term laryngoesophageal dysfunction free 
survival (LEDFS) which comprised local failure, salvage laryngectomy, tracheos-
tomy or feeding tube at 2 years or thereafter [4]. Major studies of laryngeal pres-
ervation were done in laryngeal carcinoma. The promising results of these studies 
have paved a way to adopt the same modalities in hypopharyngeal cancers also. 
Even before the publishing of any Phase 3 trials in organ preservation approaches, 
in a population-based review of hypopharyngeal cancers by Newman et al. [2], it 
was observed that there is a trend towards using radical radiotherapy than surgery 
since 1990.Thereafter chemotherapy has been incorporated along with radiation 
in various combinations in the management. The organ preservation strategies can 
be either nonsurgical or surgical. The various nonsurgical laryngeal preservation 
approaches in locally advanced hypopharyngeal squamous cell carcinoma include 
induction chemotherapy (IC) followed by radical radiotherapy (RT); concurrent 
chemoradiation (CCRT); IC followed by CCRT and use of anti EFFR or monoclonal 
antibodies along with RT.

2.1 Induction chemotherapy followed by radical radiotherapy

There was a paradigm shift in the management of locally advanced laryngeal 
cancers with the publishing of the Veterans Affairs Laryngeal Cancer Study 
Group (VALCSG) [5] which studied the role of induction chemotherapy (IC) 
followed by radiotherapy (RT) versus surgery followed by RT in Stage III and IV 
laryngeal cancers. This landmark trial has established IC followed by RT to be the 
preferred organ preservation approach in locally advanced laryngeal cancers [6]. 
This trial initiated many studies in organ preservation in hypopharyngeal cancers 
as well.

The earliest Phase 3 randomized trial that studied the role of organ preserva-
tion in hypopharyngeal cancers was the EORTC 24891 trial [7] which included 194 
patients who were randomized to receive either IC (Cisplatin 100 mg/m2 Day 1 and 
5Fluorouracil[5-FU] 1000 mg/m2 infusion over 5 days) for 2–3 cycles followed by 
RT (N = 100) for patients with a complete response or surgical resection followed by 
postoperative RT (PORT) (N = 94). The 3-year overall survival (OS) for the IC arm 
was superior to the surgical arm (57% vs. 43%) but the 5-year OS rates were similar 
(30% with IC Vs 35% with surgery). The trend for disease-free survival (DFS) was 
similar to OS with the rates at 3 and 5-years being 43% and 25% for the IC arm ver-
sus 32% and 27% for the surgical arm, respectively. The laryngectomy free survival 
at 3 and 5 years in the IC arm were 28% and 17% respectively. It was also seen that 
the 3 and 5-year rates of retaining a functional larynx in induction chemotherapy 
arm were 42% and 35%, respectively. The 10-year update showed that the OS rate 
at 10 years was 13.8% (surgery arm) and 13.1% (IC arm) and the PFS rates were 
8.5% and 10.8%, respectively. The 5- and 10-year rates of survival with preserved 
larynx were 21.9% and 8.7% respectively, thus confirming the role of IC followed 
by RT in the larynx preservation approach [8]. Thus, this trial validated the role of 
IC followed by RT in responders to chemotherapy as an alternative to laryngectomy 
for locally advanced hypopharyngeal cancers without compromising on survival or 
disease control.

The EORTC 24954 Phase 3 randomized control trial was done to assess the 
feasibility of delivering more cycles of chemotherapy [9]. This study compared 
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alternative chemotherapy with RT versus IC followed by RT in patients with 
laryngeal and hypopharyngeal tumors. This trial included 450 patients who were 
randomized to either 2 cycles of IC (Cisplatin and 5-FU) followed by additional 
2 cycles in responders followed by radiotherapy (70Gy total) or alternating arm of 
4 cycles of chemotherapy (cisplatin and 5-FU) alternating with RT 20Gy during 
the three 2 -week intervals between chemotherapy cycles (total 60Gy). Salvage 
surgery followed by PORT was offered to patients who did not respond to IC. The 
3-year and 5-year rates of survival with a functional larynx were similar in both 
arms. Acute toxic effects were statistically significantly high in the sequential arm. 
But in this trial, the radiotherapy doses used were different (median dose for the IC 
arm was 71.5 Gy and for the alternating arm was 62.8Gy). The 10-year follow-up of 
the study also showed that the survival with functional larynx and overall survival 
were similar in both arms (18.7% and 33.6% in IC arm versus 18.3% and 31.6% 
in alternating arm) [10]. It was also observed there was a small trend for higher 
larynx preservation and better laryngeal function in the alternating arm. The late 
toxicities were similar in both arms and there was better tolerance of treatment in 
the alternating arm which may be explained by the lower doses of chemotherapy 
and radiotherapy doses in the investigational arm. Though this alternating chemo-
therapy and radiotherapy has been validated in the literature, this regimen has not 
been routinely practiced which may be due to the technical difficulty of institutions 
in delivering such alternating schedules.

In this background, studies investigated the benefit of addition of Docetaxel to 
IC along with Cisplatin and 5FU (TPF) in laryngeal and hypopharyngeal tumors. 
The superiority of 3 drug IC with the addition of a taxane to Cisplatin and 5 FU in 
terms of OS and PFS for advanced- stage head and neck cancers has been estab-
lished by the TAX 323 [11] and TAX 324 trials [12]. To evaluate the same in locally 
advanced laryngeal or hypopharyngeal cancers, the GORTEC 2000–2001 trial was 
conducted [13]. This included 220 patients who were eligible for a total laryngec-
tomy. The randomization was between IC with TPF (docetaxel at 75 mg/m2 on 
day 1, cisplatin at 75 mg/m2on day 1, and 5-FU at a dose of 750 mg/m2 continuous 
infusion over 5 days) Vs PF (cisplatin 100 mg/m2 on day 1 and 5-FU given at a dose 
of 1,000 mg/m2 continuous infusion over 5 days). Three cycles of IC chemotherapy 
were given in each arm and the responders (complete response at the primary site or 
partial response and recovered normal larynx mobility) received radical RT while 
non-responders underwent total laryngectomy and postoperative RT. The 3-year 
laryngeal preservation rate was 70.3% (TPF) vs. 57.5%(PF). The overall response 
was statistically higher in the TPF arm when compared to the PF arm (80.0% vs. 
59.2%, P = .002). The acute toxicities to chemotherapy were variable in both arms 
with the TPF arm having more grade 2 alopecia, grade 4 neutropenia, and febrile 
neutropenia, while the PF arm had more grade 3 and 4 stomatitis, thrombocytope-
nia, and grade 4 creatinine elevation. The long-term efficacy and safety of the trial 
with a median follow-up of 105 months showed that the 5-year and 10-year larynx 
preservation rates were 74.0% vs. 58.1% and 70.3% vs. 46.5% (P = .01) in the TPF 
vs. PF arm, respectively [14]. Fewer grade 3–4 late toxicities were higher in the TPF 
arm when compared with the PF arm. (9.3% vs. 17.1%, P = .038).

Thus, IC with TPF was found to be superior to PF with respect to laryngeal 
preservation rates in locally advanced laryngeal and hypopharyngeal cancers hence 
being a reasonable organ preservation approach albeit the toxicity of chemotherapy.

The major difference between the EORTC 24954 trial and GORTEC 2000–2001 
trial was that radical radiotherapy was given to only complete responders to chemo-
therapy in the EORTC study while RT was given to patients with complete response 
in primary site or partial response with recovered normal mobility of larynx in the 
latter study.
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Moreover, in the subsite analysis of MACH-NC, induction chemotherapy has 
shown a 5-year absolute benefit of 5.3% in OS and 3.3% in event-free survival (EFS) 
in hypopharyngeal cancers [15].

2.2 Concurrent chemotherapy

The role of concurrent chemotherapy along with RT in head and neck squamous 
cell carcinoma was established in the large MACH-NC meta-analysis and its updates 
[15–19]. The addition of chemotherapy concurrently to radiotherapy had shown 
improved survival for all tumor sites with an absolute 5-year OS benefit of 3.9% 
in the subset analysis of hypopharyngeal cancers. Thus, concurrent chemoradia-
tion is another potential strategy that can be practiced for the organ preservation 
approach.

The role of CCRT in organ preservation for laryngeal cancers was established 
in RTOG 91–11 and its update and the study had shown a higher 10-year laryngeal 
preservation rate in CCRT arm over IC followed by RT when compared to RT alone 
[20, 21]. This study was only for laryngeal cancers and did not include patients 
with primary in the hypopharynx. Concurrent chemoradiation in hypopharyngeal 
cancers was studied in a phase 3 randomized trial by Prades et al. [22]. This trial 
included 81 patients with T3N0 pyriform sinus tumors only and the randomization 
arms were either CCRT with Cisplatin or IC with Cisplatin and 5-FU followed by 
response assessment for RT. The 2-year laryngeal preservation rates were 68% in the 
IC and 92% in the CCRT arm (p = 0.016) and the two-year event-free survival rates 
were 36% (IC arm) and 41% (CCRT arm) respectively without any difference in 
overall survival (47% vs. 51%). Even though this trial showed that CCRT is superior 
to IC followed by RT in responders, it included only a specific subset of patients and 
the sample size was also less.

To conclude, there are two schools of thought in the organ preservation 
approach in hypopharyngeal cancers which include either induction chemo-
therapy followed by response assessment or concurrent chemoradiation. These 
two approaches are being compared in the ongoing Phase 3 French trial (GORTEC 
2014–2103-SALTORL) which randomizes patients with laryngeal and hypopharyn-
geal cancers into IC with TPF followed by RT vs. CCRT with Cisplatin [23].

2.3 Induction chemotherapy followed by chemoradiation

No trials have evaluated the role of induction chemotherapy followed by chemo-
radiation in hypopharyngeal cancers alone. Various studies have shown that IC with 
3 drugs is not superior to CCRT alone in head and neck squamous cell carcinoma 
and the meta-analysis by Budach et al. also showed that induction chemotherapy 
with TPF before CCRT did not improve OS and PFS in locally advanced head and 
neck cancers compared to chemoradiation [24–27].

2.4 Role of anti-EGFR therapy

Anti-EGFR therapy has been tried in different combinations in the manage-
ment of various head and neck squamous cell carcinomas. Various trials have 
compared RT alone vs. RT plus anti-EGFR [28, 29]; CCRT vs. CCRT plus anti-
EGFR [30–32]; RT with Cetuximab vs. CCRT with Cetuximab [33]; CCRT vs. 
RT plus anti-EGFR [34–36] and IC followed by RT with Cetuximab vs. CCRT 
[37]. But there has been no proven benefit for anti-EGFR therapy in addition 
to concurrent chemoradiation in terms of overall survival in head and neck 
cancers.
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There are no Phase 3 trials that have evaluated the role of anti-EGFR therapy 
specifically in hypopharyngeal and laryngeal cancers. Two Phase 2 trials have investi-
gated the role of Cetuximab in these tumors. These include the GORTEC TREMPLIN 
trial and the DELOS trial which had studied the role of addition of Cetuximab to RT 
following IC with TPF (38–40). Both studies did not prove any superiority with the 
addition of Cetuximab and showed an increase in adverse effects in those receiv-
ing Cetuximab. Thus, there is no proven data for the use of anti-EGFR therapy in 
hypopharyngeal cancers and more Phase 3 studies are required to establish its role.

2.5 Role of immunotherapy

Immunotherapy has no established role in the management of locally advanced 
hypopharyngeal cancers. The JAVELIN trial which included locally advanced 
cancers of hypopharynx, oropharynx, larynx, and oral cavity studied the role of 
Avelumab with concurrent chemoradiation [38]. The interim analysis did not show 
any significant improvement in PFS with the addition of Avelumab to CCRT.

2.6 Surgery

Various partial resection procedures that do not include a total pharyngolar-
yngectomy are available as organ preservation strategy. They include endoscopic 
transoral laser microsurgery (TLM), supracricoid partial laryngectomy, and partial 
pharyngectomy [39].

The ability to get a negative margin in hypopharyngeal cancers makes these pro-
cedures challenging. Transoral laser microsurgery (TLM) is a reasonable approach 
for the treatment of early and even moderately advanced tumors of the hypophar-
ynx. Martin and Steiner et al. reported the results of 172 patients with hypopharyn-
geal cancer (Stage I-4%, Stage II-11%, Stage III-30% and Stage Iva-55%), mostly 
with piriform sinus tumors (87%) who underwent endoscopic TLM resections [40]. 
Even though this study demonstrated that TLM is a valid option to standard radical 
surgery or standard conservation treatment, it was seen that only 6% could be 
treated with TLM alone while 42% required TLM and neck dissection; 4% required 
TLM and adjuvant radiotherapy; and 48% needed TLM, neck dissection, and adju-
vant radio- or radio chemotherapy. It was seen that 52% patients required adjuvant 
radio (chemo-)therapy. Another innovative approach is transoral robotic surgery 
(TORS). TORS has mainly been applied in the treatment of oropharyngeal carci-
noma but has been tried in the treatment of hypopharyngeal and laryngeal cancers. 
As of now, there are only few case series showing better functional outcomes with 
TORS in T1-T2 hypopharyngeal tumors [41–44].

Even though various surgical approaches are available, they are mainly indicated 
in selected subset of patients, especially with early stage well defined lesions. It has 
to be noted that majority of the patients who undergo primary organ preservation 
surgery ultimately require adjuvant radiotherapy with or without chemotherapy. 
Adequate surgical expertise is also required for these procedures. Hence the role of 
surgery in organ preservation approach in locally advanced hypopharyngeal cancers 
remains questionable.

3.  Hypopharyngeal cancers with cartilage destruction (T4a N0-N2 
disease)

Patients with cartilage destruction are not ideal candidates for larynx preserva-
tion approaches and surgery followed by RT remains the standard of care in this 



Pharynx - Diagnosis and Treatment

118

subgroup. There is less likelihood of complete response with RT or CCRT and 
reduced success rates due to increased complications of salvage laryngectomy in 
these patients.

4. T4b or N3 disease

These subsets of patients are generally treated with palliation. Highly selec-
tive patients like those with low volume primary, absence of heavy nodes, 
good performance status, and younger age group may be considered for radical 
approach [45].

5. Future directions

Large-scale clinical trials are difficult in hypopharyngeal tumors due to the poor 
prognosis and uncommon incidence of such tumors. The future direction in the 
management of hypopharyngeal cancers is the use of immunotherapy [46]. The role 
of immune checkpoint inhibitors like Pembrolizumab and Nivolumab has shown 
promising results in recurrent or metastatic head and neck squamous cell carcino-
mas [47, 48]. New studies must be done to assess the effectiveness of these agents in 
larynx preservation. The expression of ERCC1 as a predictive biomarker in head and 
neck cancers including hypopharynx for chemotherapy response to 5-FU/cisplatin 
for both organ preservation and survival has been identified [49]. Validation of the 
various biomarkers is required to select the ideal candidates that can benefit from 
various treatments.

6. Conclusion

T1, T2 N1-N2 tumors are treated with concurrent chemoradiation. T3 N0-N2 
can be treated either with concurrent chemoradiation or induction chemotherapy 
followed by reassessment for radical radiation. Patients with T4a N0-N2 (cartilage 
destruction) disease are treated with surgery followed by postoperative radio-
therapy. The treatment for patients with T4b or N3 should be an individualized 
approach. The decreased treatment outcomes of hypopharyngeal cancers com-
pared to laryngeal cancers are due to advanced stage at presentation disease, poor 
response to chemoradiation, and difficulty in salvage surgery. An ongoing trial 
is comparing the effectiveness between the two established organ preservation 
approaches. The definite role of surgery in organ preservation in locally advanced 
hypopharyngeal cancers requires further validation. There is no proven data for 
anti-EGFR or immune checkpoint inhibitors in the radical treatment of locally 
advanced hypopharyngeal cancers to date and trials are underway.
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Chapter 9

Premalignant Conditions  
of Larynx
Nitika Mehta and Saima Tabassum

Abstract

Premalignant conditions of larynx encompass a variety of lesions that have the 
potential to evolve into malignant changes. The dysplastic premalignant epithelial 
changes of larynx have significantly increased Risk of developing in cancer than 
the hyperplastic stage of epithelial changes and this transformation significantly 
depends on the grade of dysplasia. Therefore, early diagnosis & prompt treat-
ment should thus prevent the development of invasive carcinoma requiring more 
debilitating surgical resection. The histopathological examination is diagnostic & 
the evolution of advanced laryngoscopic surgical procedures including CO2 laser 
and newer treatment methods such as photodynamic therapy has shown promising 
results in their management.

Keywords: Premalignant lesions, larynx, keratosis, erythroplakia, leukoplakia

1. Introduction

The location of larynx is quiet unique that is it lies at the crossroads of air and 
food passages often referred to as part of the upper aerodigestive tract. It is also 
known as the organ of phonation, owing to its anatomical evolution & ability to 
produce voice. Indeed, from a physiologic point of view, it is essentially a valve 
or sphincter with a triple function: that of an open valve in respiration; that of a 
partially closed valve whose orifice can be modulated in phonation; that of a closed 
valve, protecting the trachea and bronchial tree during deglutition [1].

The larynx commences at the laryngeal inlet, (consisting of epiglottis anteri-
orly, aryepiglottic folds on either sides and interarytenoid fold posteriorly) and 
extends to the inferior border of cricoid cartilage, lying opposite the 3rd to 6th 
cervical vertebrae in adults and is somewhat higher in children. Structurally, it can 
be divided into three subsites, namely, the supraglottis, glottis and the subglottis 
by true and false vocal folds.

There are certain areas of larynx which are difficult to visualize through routine 
outpatient procedures like indirect laryngoscopy and these areas are of great clinical 
importance since many a times tumors tend to involve these subsites and are missed 
due to their anatomical location. Hence these areas require a special mention when 
discussing the anatomy.

Anterior commissure (anterior convergence of vocal folds and its insertion 
into the laminae of thyroid cartilage) is difficult to visualize through indirect 
laryngoscopy, it is located at the anterior junction of the two vocal folds, many a 
times a residual tumor is left behind during the surgical management; and if not 
managed properly, causes notable post-op morbidity. Between the two arytenoid 
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cartilages is present the posterior commissure. The vocal folds extend anteriorly to 
form a concentration of collagen fibres, known as anterior commissure tendon or 
Broyle’s ligament which is attached to the deep layer of lamina propria and the inner 
perichondrium of the thyroid cartilage. Broyle’s ligament, being devoid of glands, 
is resistant to the spread of tumors and hence acts as an effective safety barrier for 
further spread of malignancy. On the other hand, the mucosa of the glottis, lying 
superior and inferior to this ligament, is thrown back on the bare areas of thyroid 
cartilage, which can gave way to malignancies to invade the thyroid cartilage.

Histologically, two types of mucosal linings can be seen in larynx. Most of it is 
lined by pseudostratified ciliated columnar (respiratory) epithelium, except the 
vocal folds, the posterior glottis, a part of aryepiglottic folds and half of posterior 
surface of epiglottis, which are lined by non-keratinizing stratified squamous 
epithelium. The transition between the two epithelia, marked by the inferior arcu-
ate line (present on the upper surface of vocal folds), is a common site for squamous 
cell carcinoma in larynx. The mucous glands, though freely dispersed throughout 
the mucosa of the larynx, are exceptionally numerous on the posterior surface of 
epiglottis and in the saccule. The mucus from the glands in the saccule are respon-
sible for the lubrication of the vocal folds [2].

The malignancy was recognized long back in ancient times but the concept of 
premalignancy was not introduced till the end of 19th century. The term prema-
lignant/precancer was introduced by Dubreuilh in 1896 for skin lesion and during 
the same era Durant described the first documented cases of laryngeal leukoplakia 
as “white cicatrices” adjacent to a malignant laryngeal lesion [3]. Later after almost 
4 decades Jackson in 1923 conceptulized premalignancy of larynx as similar to a 
“large no. of citizens leaving their regular daily routine & mobilizing preparatory to 
invasion” [4].

Laryngeal cancer is the most common cause of head neck cancer in United States 
of America & is responsible for thousands of death each year [5]. The best chance 
of curing any cancer is via its early detection and eradication as morbidity and 
mortality are proportionately related to stage. Thus, appropriate management of 
precancerous laryngeal lesions in those patients fortunate enough to present at this 
stage is obviously vital.

The premalignant lesions of larynx are the identifiable local features that with 
time has a tendency to transform into invasive carcinoma. This change in the local 
sign occurs basically due to changes in the laryngeal cell that may lead to dysplastic 
or hyperplastic epithelial changes. WHO (World Health Organization) has defined 
premalignant lesions of larynx as morphological alterations of the mucosa caused by 
chronic local irritative factors as referable to local expression of generalized illness, 
presenting a higher probability of degeneration into the carcinoma with respect to 
surrounding mucosa. Moreover, WHO has classified these lesions on the basis of 
hyperplasia & various degree of dysplastic changes into simple squamous cell hyper-
plasia, mild dysplasia, moderate dysplasia, severe dysplasia & carcinoma in situ [6].

The epidemiology of premalignant lesions, reveals a scarce data. However, it 
is known that these lesions are more prevalent in males and are frequently seen in 
patients above 50 years of age.

A wide array of conditions have been implicated in the development & rapid 
transformation of premalignant lesions into an invasive cancer, including long-term 
tobacco exposure and alcohol abuse, various occupational professions related to the 
textile industry, chemical industries dealing with wood processing. A small propor-
tion of carcinomas appears to be related to transcriptionally active human papil-
lomavirus infection. So these factors basically changes the morphology of the glottis 
epithelial cells into hyperplastic & dysplastic changes. To understand this we must 
know the normal epithelial spread of larynx (Table 1) (Figures 1 and 2).
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Although we are concerned about premalignant lesion only but this is impor-
tant to understand the possible histological variety of malignant neoplasms that 
may arise in the larynx (Table 2) reflecting the different tissues from which they 

Nonkeratinized stratified 
squamous epithelium

Pseudostratified ciliated columnar 
epithelium with globet cells

Seromucinous glands

Anterior epiglottic surface Ventricular folds Posterior epiglottic 
surface

Upper half of the posterior 
epiglottic surface

Ventricle False vocal cords

Superior margin of A-E folds Saccule Ventricle

Vocal cords Subglottic region Saccule & subglottis

Table 1. 
Normal histology of larynx.

Figure 1. 
Histological view of larynx (Nonkeratinized stratified squamous epithelium).

Figure 2. 
Histological view of larynx (Pseudostratified ciliated columnar epithelium).
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originate. The vast majority, however, are squamous carcinomas (up to 95%) and 
predominantly arise on the true vocal folds. All other histological subtypes will 
necessarily develop via a premalignant phase, but due to the paucity of such cases 
in the literature they have not been studied and characterized to the same extent as 
premalignant squamous carcinomatous lesions [7].

So it is the normal histological pattern which undergoes these various changes at 
the cellular & genetic level under the influence of various factors as already men-
tioned above, thus changes into a dysplastic or hyperplastic variation may occur, 
making it vulnerable to transform into a cancerous lesion.

The macroscopic changes of the lesions have no appearance & hence in clinical 
practice are commonly referred as: leukoplakia, erythroplakia, erythroleukoplakia, 
keratosis and chronic laryngitis although there is no consensus on this issue. The 
current laryngeal investigation systems for obtaining the high quality & resolution 
images so as to reveal the detailed morphology of glottis structures is one of the 
main task in laryngeal imaging & helps in diagnosis. These includes:

• Endoscopy–white light laryngoscopy

• Stroboscopy

• Contact endoscopy

• Autofluorescence

• Narrow band imaging (NBI)

• Ultrasound

• Computed axial tomography (CAT)/Magnetic resonance imaging (MRI)

So the appearance of lesion with these mentioned investigation system is no 
doubt of great help in diagnosis & prognosis of lesion but histopathological appear-
ance is always diagnostic.

2. Etiology

The risk factors for pre malignant tumors of larynx are primarily similar to those 
of laryngeal carcinoma. These risk factors may cause conversion of a dysplastic 
lesion into metaplasia and eventually may lead to malignancy but the laryngeal 

Histological 
types

Squamous 
cell 
carcinoma

Muco 
epidermoid

Adenoid 
cystic

Sarcomas Lymphoma Neuroendocrine

Variants 1. Verrucous 
type

2. Spindle 
type

3.  Basaloid 
type

1. Rhabdo 
myosarco-
ma

2. Chondro 
sarcoma

1.  Carcinoid
2.  Small cell

Table 2. 
Histological Subtypes of Laryngeal Malignancies and their variants.
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neoplasia is a preventable disease in the vast majority of cases, which points out the 
role of various environmental and social factors. The most commonly and strongly 
implicated factor remains smoking. Burning cigarettes release tar that contains 
polycyclic aromatic hydrocarbons which have been proven to be carcinogenic and 
act by damaging the nucleic acids in the cells. Similarly, alcohol consumption may 
be an independent risk factor & in such people, supraglottic carcinoma is frequently 
seen. Though alcohol is directly implicated in carcinogenesis, it may be associated 
with other co morbidities and deficiencies as in malnutrition or vitamin deficien-
cies. When alcohol consumption is combined with smoking, the risk of neoplasia 
multiplies.

Other known etiological factor for oropharyngeal carcinoma includes the 
Human Papilloma Virus or the HPV; the serotypes strongly associated with oropha-
ryngeal carcinoma are 16 and 18 (as seen in carcinoma cervix) [8].

In most HPV positive laryngeal carcinomas, serotype 16 is frequently isolated, 
while in recurrent respiratory papillomatosis, serotypes 6 and 11 are commonly 
isolated.

Recurrent respiratory papillomatosis does not usually turn into squamous carci-
noma, owing to different pathogenesis, however this transformation may be seen in 
patients who have a history of exposure to radiation.

The epidemiological studies have shown that the prevalence of HPV in patients 
of laryngeal carcinoma varies greatly i.e., between 0% to 58% (grossly around 
25%), depending upon the investigations and the population [9]. Lately, studies 
have shown that HPV and carcinoma larynx are not strongly co related. On the 
other hand, it has been seen that HPV can be present in people with otherwise 
histologically normal epithelium of larynx and with no signs or symptoms [10].

The association of GERD (Gastro Esophageal Reflux Disorder) with laryngeal 
malignancy has been explored by many researchers. Olson in 1983 was the pioneer 
to study the role of chronic laryngopharyngeal reflux (LPR) in laryngeal carcinoma 
[11]. He found a significant relationship between these two pathologies, where the 
incidence of laryngeal carcinoma was higher in patients suffering from LPR [7]. 
On the contrary Chen et al. found no association between GERD and laryngeal 
neoplasia [12].

Many other environmental factors have been known to increase the risk of 
laryngeal malignancy such as industrial pollutants like asbestos, malnutrition, 
lower socioeconomic status etc. [13]. Exposure to radiation for managing other neck 
tumors like thyroid cancer can also predispose to laryngeal malignancies [14].

Even the role of genetic factors have been implicated to increase the sus-
ceptibility of an individual to develop laryngeal neoplasia such as enzymatic 
polymorphisms in elimination and detoxification of alcohol and smoke produced 
carcinogens [15].

3. Molecular genetics

The concept of field cancerization was introduced by Slaughter et al in a study 
of oral cancer [16]. He found that there occurred histopathological abnormalities in 
the epithelium surrounding the invasive cancer and the abnormalities ranged from 
keratosis, dysplasia and hyperkeratosis, epithelial hyperplasia etc. With this concept 
many researchers tried to study the genetics around the tumor site and premalig-
nant conditions to predict their clinical outcome. In many tumor types, including 
HNSCC (Head and Neck squamous cell carcinoma), p53 inactivation apparently 
occurs in the transition from the preinvasive to the invasive state [17]. A second 
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17p13 locus may be altered earlier in progression. Existence of an alternate gene in 
this region has been implied in the genetic progression of brain and breast cancer 
[18, 19]. In a study by Califano et al the analysis of premalignant lesions was carried 
out a genetic level, they concluded that early genetic study of a premalignant lesion 
could aid and influence our treatment strategies from a conservative to a more 
aggressive one according to the genetic events detected [20].

4. Classification

Various classification of premalignant laryngeal lesions have been given by various 
authors, still it continues to be a controversial topic of laryngeal pathology for decades 
now, considering the classification, histological diagnosis and the treatment aspect as 
well. For clinical management of these lesions system based on the evaluation of the 
grade of hyperplasia and/or dysplasia of epithelium have been established (Table 2).

According to Hellquist et al [21] a distinction can be made between various lesions:

• Grade I lesions, presenting hyperplasia and/or keratosis with or without mild 
dysplasia where stratification is preserved and superficial cellular layers show 
cytoplasmic differentiation.

The cellular and architectural atypia occur in the lower third part with nuclear 
crowding, cellular and nuclear pleomorphism with increased nuclear/cytoplas-
mic ratio.

• Grade II lesions characterized by moderate dysplasia. Histologic changes are 
similar to grade I but abnormalities extend up to two-third of the thickness of 
the epithelium, hence the differentiation & stratification is seen in superficial 
layers with numerous mitotic features.

• Grade III lesions, in which dysplasia is severe or of such type as to configure 
carcinoma in situ. Here, non-stratified & undifferentiated cells occupy from 
more than two-third up to the full thickness of the epithelium in majority of 
the cases there is no keratinization. Nuclear pleomorphism is seen with-bizarre 
large nuclei & the lesion is always contained by the basal lamina.

This grading is based on the classification proposed by the Kleinsasser in 19631 
and later, by Delemarre, distinguishing a first class characterized by simple squa-
mous cell hyperplasia, a second class represented by squamous cell hyperplasia with 
atypia and third class represented by carcinoma in situ.

The modified Ljubljana [22, 23] classification, the modification done by a work-
ing group of European society of pathology in November 1997 in London, United 
Kingdom (UK) devised the classification to cater to specific clinical and histological 
laryngeal problems, as it does not follow the three grade criteria, so was divided it 
into four grades as follows:

1. Simple hyperplasia (SH) is benign group.

2. Abnormal hyperplasia (AbH) is benign group.

3. Atypical hyperplasia (AtH) is potentially malignant.

4. Carcinoma in situ is malignant.
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The term dysplasia was accepted in laryngeal pathology first after the Toronto 
Centennial Conference on Laryngeal Cancer in 1974, almost after 11 years of 
proposed Kleinsasser classification. Several terms such as squamous intraepithelial 
neoplasia (SIN) and laryngeal intraepithelial neoplasia (LIN) were introduced. The 
term squamous intraepithelial neoplasia (SIN) was used for laryngeal precursor 
lesions by Friedmann and Osborn in 1976, and 10 years later Crissman and Fu opted 
for intraepithelial neoplasia of the larynx [24]. In addition, Friedmann and Ferlito 
used laryngeal intraepithelial neoplasia (LIN) [25]. An attempt to reconcile differ-
ent schemes showed:

1. LIN I is regarded the equivalent of mild dysplasia

2. LIN II of moderate dysplasia and

3. LIN III of severe dysplasia and carcinoma in situ.

After that many editions of the World Health Organization (WHO) classifica-
tion have been proposed & all such terms like as squamous intraepithelial neoplasia 
(SIN) and laryngeal intraepithelial neoplasia (LIN) were used but are now being 
abandoned and replaced by squamous intraepithelial lesions (SIL) [26, 27]. The 
essential update in the four editions of WHO was the attempt to induce a simplifica-
tion from a four- to a two-tier system. The current WHO classification (2017) thus 
recommends the use of a two-tier system with reasonably clear histopathological 
criteria for the two groups:

1. Low-grade and

2. High-grade dysplasia.

Although the disadvantages like inter observer variability apart, subjectivities 
and uncertainties still remains but to a lesser degree.

Hence, it is very difficult to predict accurately which lesions will progress into 
invasive malignancy based only on clinical appearance. The diagnosis, treatment 
and prognosis of these lesions depend almost entirely on their histological abnor-
malities. In Table 3 we have compared the different classifications given by differ-
ent authors.

4.1 Clinical features

The most common presentation of patients harboring premalignant lesions is 
dysphonia which can be progressive or fluctuating. Rarely patients may even pres-
ent with breathing difficulty or foreign body sensation throat.

The diagnosis is made by doing a flexible endoscopy. These lesions either 
appear as white keratotic patches, single, multiple or confluent (Figures 3-5). 
They are also seen as erythroplakia (red), mixed leucoerythroplakic (speckled) 
patches.

In general clinical appearance has shown to have poor correlation with the 
state of underlying epithelium [28, 29]. Still a few authors have found higher 
chances of malignancy and dysplasia with certain types of lesions. Following 
features in decreasing order of importance, ulceration, erythroplasia, surface 
granularity, increased keratin thickness (verrucous appearance), increased size, 
recurrence after excisional biopsies and long duration have all been associated 
with carcinoma [30].
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Figure 3. 
Single keratotic lesion seen involving the left true vocal fold.

4.2 Management

The management of premalignant lesions is challenging for a clinician as it poses 
a diagnostic challenge and also because it requires close monitoring and follow up 
due to underlying risk of malignancy.

The laryngeal cancer represents about 1–2% of all malignant tumors. In 90% 
of cases carcinomas develop from precancerous epithelial lesions [31]. Prompt 
treatment after an early diagnosis is capable to prevent the development of an 
invasive neoplasm and the consequent recourse to more invasive laryngeal sur-
gery [32, 33]. Lack of valid protocol or guidelines to manage such precancerous 
conditions makes it tough for an ENT surgeon to make a decision plan for their 
management.

Kleinsasser 
classification

WHO 
classification

Ljubljana 
classification

Modified 
Ljubljana 
classification

Freidmann and 
Ferlito
(Laryngeal 
intraepithelial 
neoplasia)

Grade-I Simple squamous 
cell hyperplasia

Simple 
hyperplasia

Simple 
hyperplasia

Grade-II Mild dysplasia Abnormal 
hyperplasia 
(AbH)

Abnormal 
hyperplasia 
(AbH)

Laryngeal 
intraepithelial 
neoplasia- Grade-I

Grade III Moderate 
dysplasia

Atypical 
hyperplasia 
(AtH)

Atypical 
hyperplasia 
(AtH)

Laryngeal 
intraepithelial 
neoplasia- Grade-II

Severe dysplasia Atypical 
hyperplasia 
(AtH)

Carcinoma in 
situ

Laryngeal 
intraepithelial 
neoplasia- Grade-III

Carcinoma in 
situ

Carcinoma in 
situ

Table 3. 
Various classifications of laryngeal precancerous conditions.
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The dilemma in managing premalignant conditions lies in whether to man-
age it conservatively with close follow up or to do a biopsy. The invasiveness of 
the lesion and the prediction whether a lesion has a malignant potential cannot 
be assessed by clinical examination. Even various investigation modalities like 

Figure 5. 
Endoscopic image depicting a single confluent lesion involving the right Vocal Fold.

Figure 4. 
Multiple Keratotic Lesion involving the bilateral arytenoids.
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endoscopy, stroboscopy fail to analyse the invasiveness of lesion. Newer tech-
niques such as contact endoscopy using highly magnified images (up to 150 X) 
using a rigid endoscope which is placed in direct contact with vocal fold epithe-
lium and staining is done using 1% methylene blue dye. Though it has been found 
to have a high sensitivity and specificity still its limitation to unable to detect the 
dysplasia in deeper layers and the learning curve associated with it and requir-
ing an expertise of a pathologist has made its application limited in the field of 
otorhinolaryngology [28, 32, 34].

In an attempt to formulate a plan a meeting of UK otolaryngologists and 
pathologists involved in the care of Head and Neck cancer was held and guidance 
in relation to premalignant conditions was issued [35]. In case of single  
(Figure 3) and multiple foci (Figure 4) they should be completely excised to all 
visible margins, if possible and in the presence of widespread, confluent leuko-
plakia (Figure 5), histopathological mapping of the lesion with multiple biopsies 
should be initially performed, followed by staged resection, if feasible. Once 
sending the biopsy specimen proper labelling and anatomical orientation should 
be presented on a template to the pathologist with photo documentation prior to 
histological analysis.

The patient’s general condition and fitness for surgery, physiological age, 
comorbidity and the presence of other risk factors also play a vital role in planning a 
surgical procedure. The most essential step to be taken before planning the surgi-
cal procedure is a detailed and vivid discussion with the patient to inform him/her 
about the potential risks of hoarseness and change in voice quality postoperatively 
and about the possibility of recurrence.

4.3 Surgical treatment

The surgical procedure options are in the form of cold steel or carbon dioxide 
(CO2) laser resection. Both are taken up via an endoscopic approach. If laser excision 
is planned, CO2 laser is a preferred laser type. The use of the laser for ablation is to be 
discouraged, because no specimen is provided for diagnosis and it may be Associated 
with a possible higher risk of damage and impact on voice production. Hence, strip-
ping of the cord is also not recommended due to the poor quality voice issues.

There are a few vital points which should be borne in mind while dissecting 
these lesions and they are as following: A proper plane of dissection should be 
achieved and the vocal ligament should be preserved so as to attain a good postop-
erative voice quality. An overzealous dissection can lead to postoperative scarring 
and poor voice outcomes. In such cases excision biopsy is performed with special 
care so as to preserve the deeper layers of vocal cords and the surrounding nor-
mal mucosa.

In case of anterior commissure lesions there is a risk of recurrence and their 
progression to cancer is reported in literature so adequate clearance and  
regular follow up is required in case the disease is progressing to anterior  
commissure.

4.4 Radiotherapy

Role of radiotherapy in premalignant conditions is only reserved for those 
patients, in whom the surgical intervention is contraindicated due to morbidity. 
Many studies have shown that radiation therapy to be ineffective in preventing 
the progression of dysplastic lesions to carcinoma; in fact, it may even precipitate 
malignant degeneration [30]. Therefore, the application of radiation therapy should 
be reserved for invasive carcinoma only.
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4.5 Follow up

The follow up of such patients is the most vital part of their management since 
there is always a risk of recurrence and malignant transformation. In the literature 
no fixed protocol has been designed for the follow up plan of premalignant lesions 
but it has been noted that malignant transformation rate is higher with moderate 
to severe dysplasia as compared to mild dysplasia [15]. To simplify things we follow 
a self-designed protocol according to which we divide the patients into two groups 
that is the high risk and low risk group. Now patients in high risk group are those 
who have moderate, severe dysplasia and carcinoma in situ (according to WHO 
classification) and patients even with mild dysplasia but who are cigarette smok-
ers, heavy alcohol consumers are included in this group. In high risk we follow the 
same protocol as T1 carcinoma that is for initial 2 years every month follow up, 2 
monthly in the second year, 3 monthly in the third year and 6 monthly in fourth 
and fifth year.

In cases of low risk group the follow up plan was to do a regular monthly check 
up for at least 6 months. Following that clear instructions to the patient to revert 
back, if there is change in voice and on appearance of any suspicious symptoms.

4.6 Other treatment options

Photodynamic Therapy (PDT) is a minimally invasive treatment that involves 
the activation by light of a drug (photosensitizer) that generates cytotoxic reactive 
oxygen species. This therapy has been specially studied in cases of premalignant 
laryngeal lesions. A clinical trial was conducted in 2014 using a compound named 
3-(1’-hexyloxyethyl) pyropheophorbide (HPPH) mediated photodynamic therapy 
[36]. The results of this phase I b trials were very promising with a fewer com-
plications rate. Though this clinical trial is still underway and hence awaiting its 
approval. Its use in oral cancer lesions, especially for the recurrent ones has been 
established by many authors [37].

5. Conclusion

Early diagnosis, timely management and a regular follow of patients harboring 
premalignant lesions can prevent its progression to full blown laryngeal carcinoma. 
The newer treatment modalities in the form of photodynamic therapy though are in 
their initial phase of testing but they do show a potential in future management of 
such lesions.
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Transoral Videolaryngoscopic 
Surgery (TOVS)
Koji Araki and Akihiro Shiotani

Abstract

Transoral videolaryngoscopic surgery (TOVS) for laryngopharyngeal cancer 
developed by Shiotani et al., uses the laparoscopic surgical system and distend-
ing laryngoscope. This method enables precise procedures and en bloc resection 
under a good view with videoendoscope in the structurally complex laryngo-
pharynx. The major indications are Tis-2, and selected T3 lesions of hypopharyn-
geal, oropharyngeal, and supraglottic laryngeal cancer. TOVS is also considered 
for resectable rT1 and rT2 radiation failure cases and selected T3–4 advanced 
cases following neoadjuvant chemotherapy. Patients with resectable lymph node 
metastases are treated by neck dissection. Major contraindications are crico-
arytenoid joint fixation, circumferential invasion of more than half, bilateral 
arytenoid invasion, and invasion to the thyroid cartilage, cricoid cartilage, hyoid 
bone, deep pharyngeal constrictor muscle. Oncological outcomes are good in 
long-term survival and larynx preservation rates with sparing radiation in half 
of the patients. However, advanced T stage and N3 cases showed a worse prog-
nosis. Regarding functional outcome, swallowing function can maintain in most 
patients. Postoperative voice impairment can occur after wound healing. TOVS 
has some advantages particularly for hypopharyngeal cancer, in maneuver with 
smaller diameter instruments and tactile sense, and in less invasiveness without a 
tracheostomy, compared to other transoral surgeries.

Keywords: Transoral videolaryngoscopic surgery (TOVS), transoral surgery, 
hypopharyngeal cancer, swallowing function, voice impairment, sentinel node 
navigation surgery, conversion surgery, neoadjuvant chemotherapy

1. Introduction

Transoral videolaryngoscopic surgery (TOVS) for laryngopharyngeal cancer 
was developed by Shiotani and his colleagues in Japan since 2004 and the first 
report was published in 2010 [1–4]. This novel endoscopic transoral surgical system 
uses the laparoscopic surgical system and distending laryngoscope which enables en 
bloc resection under a good view with videoendoscope. Recently, surgical instru-
ments used in TOVS have been modified to some extent. Good long-term survival, 
larynx preservation, and functional outcomes were reported [5]. In this chapter, 
the tips and the pearls of TOVS including detail of the surgical procedures, manage-
ments, and outcomes are described.
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2. The feature of TOVS

The break out of transoral surgery for laryngopharyngeal cancer was started from 
transoral laser microsurgery (TLM), developed by Steiner et al. [6]. TLM is suitable 
for glottic lesions which are required fine and precise maneuver in a limited nar-
row space. Although TLM yields good oncological outcomes, the microscopic view 
through a rigid laryngoscope is linear and is not wide enough to observe the entire 
laryngopharynx. Particularly when observing the postcricoid area and inner surface 
of the epiglottis, it is often hidden by the blade of the laryngoscope. Multiple reposi-
tioning of the laryngoscope is also needed when the lesion is relatively large. In addi-
tion, pathological workup is difficult when piece-by-piece resection is performed.

To overcome these drawbacks, TOVS was developed. The endoscopic view under 
a flexible videoscope is wider than that under a microscope, and a wide working 
space can be achieved by using the FKWO retractor. This method enables detailed 
observation, precise procedures, and en bloc resection in the structurally complex 
laryngopharynx.

Although transoral robotic surgery (TORS) is actively performed for hypopha-
ryngeal cancer in South Korea, tracheostomy is required because the intubation 
tube interferes with the arms of the robot [7]. In TOVS, a videoscope and forceps 
with a smaller diameter than the arms of the robot are used; hence, surgical proce-
dure without tracheostomy is possible even in the narrow and distal spaces such as 
the hypopharynx. In addition, the surgeon has tactile sense through instruments. 
Therefore, TOVS has some advantages in maneuver and is less invasive compared to 
TLM and TORS, particularly for hypopharyngeal cancer.

3. Indications

The major indications for TOVS are Tis, T1, and T2 lesions of hypopharyngeal, 
oropharyngeal, and supraglottic laryngeal cancer. TOVS is also indicated for 
selected T3 lesions without deep invasion. Furthermore, TOVS is considered for 
small radiation failure cases (rT1 and rT2) if the lesions are resected with enough 
margins [8]. TOVS is also considered in advanced T3 or T4 cases after the tumor 
shrinks to a limited area following neoadjuvant chemotherapy (NAC). However, it 
is not a standard indication due to issues in the resection area, possibly leading to 
oncologically inadequate resection, as described in Section 11.3 (Table 1).

Anatomical contraindications for TOVS are cricoarytenoid joint fixation due to 
cancer invasion, circumferential invasion of more than half of the esophageal inlet, 
bilateral arytenoid invasion, and invasion to the thyroid cartilage, cricoid carti-
lage, hyoid bone, deep pharyngeal constrictor muscle, hard palate, and pterygoid 
hamulus. Oncologically sufficient resection is technically difficult, and functional 
preservation may not be excellent because of dysphagia and respiratory disorders 
due to postoperative stenosis and vocal cord movement restriction.

Patients with resectable lymph node metastases are treated by neck dissection 
(ND) along with TOVS on the same day or 1–2 weeks later. TOVS is generally per-
formed in N1–N2 cases; however, although they are technically resectable, TOVS is not 
generally indicated in N3 cases due to poor prognosis [5]. Considering that postopera-
tive chemoradiotherapy is needed in most N3 cases, transoral surgery has little signifi-
cance due to increased invasiveness without improvement in oncological outcomes.

Although the extent of lesions is the basis of decision making for surgical indica-
tions, the final decision is made by considering the systemic condition. Preoperative 
swallowing function should be evaluated in cases predisposed to dysphagia, and 
surgical indication should be conservatively decided. Age; performance status; 
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medical history including radiation history; comorbidities such as respiratory 
diseases, cardiovascular diseases, and diabetes; and family environments should 
also be considered.

4. Devices

The FKWO retractor (Figure 1a, Olympus medical systems, Tokyo, Japan) with 
various blades is used to expose the laryngo-hypopharynx and widen the operative 
field of view in most cases. Weerda distending video laryngoscope (8588BV; Karl 
Storz, Tuttlingen, Germany) is also useful.

Endoeye flex (LTE-S190–5, Olympus Medical Systems, Tokyo, Japan; Figure 1b), 
an HD videoendoscope with a thin 5-mm diameter and an articulating tip that can 
bend in all directions up to 100°, is used to observe the surgical field in most cases. 
This endoscope is suitable to observe the structurally complex laryngopharynx with 
minimal device conflict during transoral surgery. In addition, it has the function 
of image-enhanced endoscopy (narrow-band imaging: NBI), which is useful for 
evaluating the extent of mucosal lesions. A rigid laryngeal endoscope (8575AV; Karl 
Storz), connected to a high-definition camera set (22220150–3; Karl Storz), also 
provides a wide and clear view.

For forceps, scissors, electrocautery electrodes, suction coagulators, and 
clip applicators, reusable straight devices are used. Incision and separation are 
performed using laparoscopic surgical instruments measuring 3 mm in diameter 
connected to an ordinary electrocautery unit, including separating (30721MD; Karl 
Storz) or scissor-type (30721 MW; Karl Storz) tip forceps and hook-type (26870UF; 
Karl Storz) or needle-type (26167NX; Karl Storz) scalpels. For hemostasis, a suc-
tion coagulator (8606E; Karl Storz) or hemostatic clips (8665 L and 8665R; Karl 
Storz) are used (Figure 1c).

New malleable or curved devices, including LaryngoFIT forceps and scissors 
(8791GHZ, 8793AZ, 8791AZ, and 8794AZ, Karl Storz, Tuttlingen, Germany), a 
malleable needle electrocautery electrode (KD600, Olympus medical systems, 
Tokyo, Japan), a fiber guide CO2 laser (AcuPulse DUO, Lumenis, Yokneam Illit, 
Israel), and a malleable suction coagulator (7030010, Amco, Tokyo, Japan), have 
been recently shown to be very helpful (Figure 1d). Most of these devices have a 

Primary site Hypopharynx, oropharynx, supraglottic cancer
Tis-T2, selected T3 cases
Resectable rT1–2 cases
Seleted advanced T cases following NAC
Contraindications
Cricoarytenoid joint fixation
Circumferential invasion of more than half
Bilateral arytenoid invasion
Invasion to the thyroid cartilage, cricoid cartilage, hyoid bone, deep pharyngeal 
constrictor muscle etc.

Cervical lymph
node 
metastases

N1–2 cases
Neck dissection along with TOVS

Other factors Preoperative swallowing function
Radiation history, Comorbidity (cardiorespiratory diseases, diabetes etc.)
Age, Performance status, Family environments

Table 1. 
Indications for TOVS.
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thin shaft of approximately 3 mm in diameter, except for the malleable suction 
coagulator, which has a thin shaft measuring 5 mm in diameter. These devices are 
effective for approaching from any direction in the view of the endoscope, allowing 
the surgeon to make parallel or perpendicular cuts along the line of sight [5].

5. Surgical procedures

5.1 Setting

TOVS is performed under general anesthesia by orotracheal intubation  
using a small diameter (6–7 mm) reinforced endotracheal tube. When the 
resection area includes the epiglottis and tongue base, nasotracheal intubation is 
recommended.

To expose the surgical fields, a FKWO retractor with various blades, including 
large blade, laryngeal blade, and tongue base blades, is the most useful for laryngo-
pharyngeal lesions. Attaching pre-made mouthpieces to prevent tooth injury is also 
recommended. Although surgical field exposure is the most principal and impor-
tant step to complete transoral surgery successfully, it is one of the most difficult 
steps that requires extensive experience and many learning curves.

Basic techniques for obtaining good surgical field exposure are as follows. For 
piriform sinus lesions, the laryngeal blade or tongue base blade is inserted into the 
glottis, vallecula of the epiglottis, or anterior end of the piriform sinus lateral of the 
pharyngoepiglottic fold and the aryepiglottic fold (Figure 2a, b). For posterior wall 

Figure 1. 
Devices for TOVS. a. FKWO retractor, b. Endoeye flex, c. straight devices - forceps, scissors, electrocautery 
electrodes, suction coagulators, and clip applicators, d. malleable and curved devices - curved forceps, malleable 
forceps and scissors, malleable needle electrocautery electrode, malleable suction coagulator, curved suction, 
malleable and curved handpieces of fiber guide CO2 laser.
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lesions, the laryngeal blade is inserted into the glottis or postcricoid area (Figure 2c). 
In some of these cases, it is effective and helpful to obtain good surgical fields that 
the blade is inserted behind the endotracheal tube, and the tube is pushed forward 
(Figure 2b, c). For postcricoid and esophageal inlet lesions, the laryngeal blade is 
inserted into the glottis or postcricoid area behind the endotracheal tube, and the 
tube is pushed forward (Figure 2d, e). For epiglottic and tongue-based lesions, the 
tongue base blade is inserted into the tongue base (Figure 2f). Poor ventilation by 
kinking of the tracheal tube can occur due to compression by the blade, and a careful 
procedure is needed.

These instruments can expose most lesions; however, some patients have 
poor laryngopharyngeal exposure. For patents who have poor laryngopharyngeal 
exposure by conventional blades, novel prototypes of curved blades are currently 
under development (Figure 3). These new blades are effective to expose the distal 
hypopharynx to the esophageal inlet [5].

5.2 Evaluation

TOVS is performed by two head and neck surgeons. The operator manipulates 
instruments bimanually, and the assistant holds the videoscope to maintain an 
appropriate view of the surgical fields (Figure 4a). Occasionally, the assistant holds 
another pair of forceps or a suction device to support operator (Figure 4).

To evaluate the extent of the lesions and mark the resection area of the 
laryngopharynx, Endoeye flex with the function of image-enhanced endoscopy 
(NBI) is an ideal tool for this surgery. After meticulous washing of the laryngo-
pharynx to remove blood and saliva with physiological saline, the lesion extent 
is evaluated by endoscopic vision with normal light and NBI (Figure 4b, c). 
Subsequently, iodine staining is performed to show the mucosal extent of the 
lesions. After 1% iodine solution is sprayed around the lesions and rinsed with 
physiological saline, superficial lesions can be clearly demarcated as iodine-
unstained areas (Figure 4d). This procedure is particularly effective in identify-
ing the boundary of lesions in hypopharyngeal cancer and oropharyngeal cancer, 
except that of tongue base lesions.

Palpation using forceps is also an important procedure to evaluate tumor size 
and deep infiltration and determine whether the lesions can be resected. In the case 
of lesion immovability and/or finding anatomical contraindications during the 
evaluation process, discontinuation of TOVS should be considered.

Figure 2. 
Technique of surgical field exposure. a. Right piriform sinus lesion, b. right piriform sinus lesion, c. posterior 
wall lesion, d. Postcricoid lesion, e. esophageal inlet lesion, f. Epiglottic lesion.
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Thereafter, the incision line of the mucosa around the lesions is marked with 
a safety margin of 5–10 mm using needle-type electrocautery (Figure 4e). Due to 
cases of multiple sporadic mucosal lesions, evaluation of the entire laryngopharynx 
is recommended.

5.3 Resection

A soft suction tube is placed transnasally to prevent blurry vision by smoke and 
blood. After circumferential mucosal incision, the operator manipulates the grasp-
ing forceps to grasp and retract the edge of the lesion. Appropriate counter traction 
is applied to determine the appropriate incision layer and enables resection of 
appropriate tissue by electrocautery. In many cases, resection from the periphery to 
the inside enables en block resection (Figure 4f–j). It is important to confirm deep 
infiltration by palpation during the procedure. Representative cases are presented in 
Section 9.

Although hemostasis can be performed with a suction coagulator in most cases, 
multiple vessel clips should be used when thick blood vessels can be confirmed 
(Figure 4k). Bleeding from the posterior wall, the branch of the superior laryngeal 
artery running from the upper outside of the thyroid cartilage, or the branch of the 
lingual artery, is occasionally difficult to control.

Frozen section pathological analysis with the stumps of surgical margins in 
at least four horizontal directions and a deep margin is performed. In addition, 
the extracted specimen is stained with iodine to confirm the sufficiency of safety 
margin. Additional resection is performed based on these results when necessary.

5.4 End of surgery

In some cases, fibrin glue is sprayed to the wound to prevent bleeding (Figure 4l). 
However, it is not necessary due to the possibility of it becoming a foreign body in the 
airways. A nasogastric tube is inserted in cases with a high possibility of postopera-
tive dysphagia (Figure 4).

Figure 3. 
Novel blades for FKWO retractor. A: Prototype of curved blades, b: Representative case (Postcricoid lesion), 
conventional blade (left), curved blade (right).
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Local steroid injection (triamcinolone acetonide) is also performed to reduce 
the degree of postoperative scar contracture in selected non-irradiated cases. In 
deeply invasive tumors and previously irradiated patients, this procedure may cause 
wound healing complications; hence, local steroid injection should be considered 
in only new cases with extensive excision of the pyriform sinus, postcricoid, and/or 
esophageal inlet lesions [9].

TOVS can be completed without tracheostomy if no bleeding and no severe 
airway stenosis due to laryngopharyngeal edema is confirmed. The endotracheal 
tube is basically extubated immediately after surgery. In cases with suspected 
airway stenosis risk, extubation should be performed under preparation for 
immediate reintubation using a tube exchanger. Patients who have a high risk of 
bleeding after surgery or severe laryngopharyngeal swelling due to long surgery 
or neck dissection should be kept intubated or should undergo tracheostomy 
without hesitation.

Figure 4. 
Step-by-step procedure (Hypopharyngeal cancer, Rt. piriform sinus lesion). a. outside view of TOVS, b. 
observation with normal light, c. observation with NBI, d. observation after iodine staining, e. marking of the 
mucosal incision line, f. resection from the oral side, g. resection of the muscular layer, h. resection of the inner 
border of the thyroid cartilage, i. resection of the caudal end, j. view after resection, k. hemostasis using vessel 
clip, l. view after spraying of fibrin glue.
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Figure 5. 
Inside-out anatomy of the larynx and hypopharynx. a. Landmarks of the larynx and hypopharynx. b. 
Location of the carotid artery after surgical field exposure. a. Artery, n. nerve.

6. Management of lymph node metastasis

For patients with node-positive disease, ND is performed after TOVS on the 
same day. Some patients may undergo ND separately within 1–2 weeks of TOVS.

The veins around the laryngopharynx should be preserved whenever possible to 
reduce postoperative laryngeal edema due to temporal insufficiency of blood flow. 
In N2c cases treated with bilateral NDs, severe edema of the entire laryngopharynx 
can occur. Therefore, careful attention should be paid to postoperative airway 
management and prophylactic tracheostomy should be considered.

Perforation between the wound of the TOVS and the neck can occur during 
ND. In such cases, postoperative infections, particularly around the carotid 
artery or retropharyngeal space, might be a fatal complication. Therefore, 
closure using a muscular flap should be performed and careful and intensive 
postoperative management to prevent subcutaneous emphysema and infections 
are necessary.

7. Anatomical tips for TOVS in hypopharyngeal cancer

The tips of the inside-out anatomy of the larynx and hypopharynx are shown 
in Figure 5a. The superior laryngeal artery and superior laryngeal nerve enter the 
laryngopharynx through the thyrohyoid membrane. The superior laryngeal nerve 
runs along the submucosal layer of the anterior wall of the pyriform sinus. The 
recurrent laryngeal nerve runs in a deep layer between the inferior cornu of the 
thyroid cartilage and the posterior cricoarytenoid muscle. The superficial branch 
of the recurrent laryngeal nerve usually causes anastomosis with the superficial 
laryngeal nerve (Galen’s anastomosis).
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The carotid artery is close to the surgical field in some cases of angiectopia. The 
carotid artery is also close to the surgical field in cases of excessive laryngopharyn-
geal suspension to better expose the surgical field. The retractor opens the space 
between the alar of the thyroid cartilage and the prevertebral space, which causes 
the shift of the carotid artery from lateral to medial. As a result, the carotid artery 
becomes adjacent to the area between the posterior wall and the outer wall of the 
piriform sinus behind the alar of the thyroid cartilage (Figure 5b). Therefore, espe-
cially in the case that includes the pharyngeal constrictor muscle layer resection, the 
procedure should be performed with careful caution. Since this cannot be predicted 
by preoperative imaging, it is necessary to estimate the position of the carotid artery 
by careful observation of the arterial pulsation in the endoscopic view and the shift 
of the pulsating site by manual compression from the outside of the neck.

In the case of deeper infiltration in the posterior wall, the resection should also 
be performed with careful caution. When an excision of all layers of the pharyngeal 
constrictor muscle is performed, deeper damage from the buccopharyngeal fascia 
to the alar fascia causes perforation of the danger space in the retropharyngeal space 
(Figure 5a). This damage may cause severe postoperative complications such as 
cervical spondylitis and/or mediastinitis. In particular, post-irradiated cases have 
a high risk of developing complications due to poor wound healing and increased 
susceptibility to infection. Therefore, it is important to preserve the buccopharyn-
geal fascia and alar fascia whenever possible.

To perform better and safer transoral surgery, the surgeon should understand 
and familiarize themselves with the anatomical landmarks inside the laryngophar-
ynx, check the preoperative endoscopic and imaging findings, observe surgical 
fields in detail under videoscopic view, and manipulate a careful procedure for 
each case.

8. Postoperative management

8.1 Perioperative management

Since tracheostomies are not performed in most cases, careful attention should 
be focused on airway management and postoperative bleeding. Laryngopharyngeal 
edema may worsen for a few days after surgery, although problems may not arise at 
the time of extubation. Routine endoscopic observation over time should be per-
formed, and steroid administration should be considered if needed. Postoperative 
bleeding can occur not only immediately but also for more than 2 weeks after 
surgery due to crust removal during the wound healing process. Therefore, careful 
follow-up with a ready for emergency airway management, including tracheostomy, 
is necessary for more than 2 weeks after surgery.

For nutritional management, resurgence of oral intake is considered accord-
ing to the extent of resection and the risk factors of dysphagia (such as age, 
performance status, preoperative swallowing function, and irradiation history). 
However, in cases with small lesions and low risk of dysphagia, oral intake can be 
resumed from the next day. In many cases with extensive, muscular layer resec-
tion and/or arytenoid resection, nasogastric tubal feeding is needed. Swallowing 
examinations such as videofluorography and/or videoendoscopy are usually 
performed within 1 week of surgery. Assessment for oral intake should be judged 
based on these results, and swallowing rehabilitation (direct or indirect training) 
by a speech therapist should be performed, if necessary, with being appropri-
ate re-evaluation. In most cases, a normal diet can be resumed within 1 week to 
1 month of TOVS.
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In cases without any postoperative complications such as airway, bleeding, 
infection, and dysphagia, the patient can be discharged from the hospital. Patients 
with small lesions are usually discharged within 1–2 weeks after TOVS.

8.2 Long-term management

It is important to consider the possibility of pneumonia due to silent aspiration. 
Only a few percent of patients have long-term dysphagia [5, 10]. If long-term oral 
intake is difficult, gastrostomy is considered.

Epithelization of the wound healing occurs 1–2 months after TOVS in most 
cases. However, wound healing is very slow and takes more than 6 months in some 
previously irradiated cases [8]. In such cases, the risk of infection is high. Serious 
complications such as cervical spondylitis and mediastinitis can occur after more 
than 6 months after surgery. Long-term antibiotic administration is required in 
some cases. In addition, it is difficult to discriminate infection/inflammation from 
recurrence; therefore, long-term follow-up with careful observation is necessary.

Wound adhesion and scar formation due to wound healing causes fixation of 
the cricoarytenoid joint in some cases of extensive pyriform sinus resection. In such 
cases, restriction of vocal fold movement and insufficient glottic closure may occur 
several months after TOVS. Although there is no problem with laryngeal function 
immediately after surgery, dysphagia and voice disorder might worsen over a few 
months after TOVS. Intraoperative local steroid injection (triamcinolone acetonide) 
is effective; however, its indications should be limited only to new cases with exten-
sive excision of the pyriform sinus, postcricoid, and/or esophageal inlet lesions, as 
described in Section 5.4 [9].

8.3 Oncological management and additional treatments

The pathological assessment of surgical margins in the resected permanent 
specimen is often difficult due to cauterization. Therefore, the margins are uncer-
tain in some cases. In cases with horizontal margins, careful follow-up enables early 
detection, even in the case of recurrence. However, in cases with deep margins, 
early detection of recurrent lesions may be difficult after wound healing. In such 
cases, a second-look operation after 2–3 months of TOVS or postoperative irradia-
tion should be considered.

According to pathological findings, patients might undergo postoperative radia-
tion therapy (RT) or chemoradiation therapy (CRT). Definite positive margins, 
multiple lymph node metastases, extranodal extension, and perineural invasion are 
indications for RT or CRT.

9. Representative cases

9.1 Case 1: 64-year-old male, hypopharynx cancer, pT3N0M0

The lesion was extended from the left pyriform sinus to the posterior wall and 
anterior surface of the epiglottis (Figure 6).

9.2 Case2: 58 years-old male, hypopharyngeal cancer, rT2N0M0

Chemoradiotherapy for hypopharyngeal cancer (T3N0M0), was performed 
2 years before TOVS. The recurrent lesion was located more than half of the poste-
rior wall to the esophageal inlet (Figure 7).
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Figure 6. 
Case 1. a. Pre-operative endoscopic view, b. observation with Normal light: Lesion was extended from left 
piriform sinus to posterior wall. c. Observation with Normal light: Lesion was extended to the left side of the 
anterior surface of the epiglottis. d. Observation with NBI, e. observation after iodine staining: Left piriform 
sinus to the posterior wall, f. observation after iodine staining: Anterior surface of epiglottis, g. resection from 
the left side of the anterior surface of the epiglottis to the upper side of the piriform sinus. h. Resection of the 
left piriform sinus to the lateral wall, i. removal of resected en block specimen, j. view after resection: Left 
piriform sinus to posterior wall, k. view after resection: Resected anterior surface and left edge of epiglottis, l. 
postoperative endoscopic view (2 months after TOVS).

Figure 7. 
Case 2. a. Pre-operative endoscopic view, b. observation with Normal light, c. observation with NBI, d. 
marking of the mucosal incision line, e. resection from Musclar layer of oral side, f. resection of the whole layer 
of pharyngeal constrictor muscle, g. view after resection: Ara fascia was preserved. h. View after spraying fibrin 
grue, i. postoperative endoscopic view (9 months after TOVS).
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9.3 Case3: 72-year-old male, hypopharynx cancer, rT3N0M0

Chemoradiotherapy for hypopharyngeal cancer (T2NM0) was performed 
10 years before TOVS. The recurrent lesion was located from the right side of 
postcricoid to left side posterior wall, esophageal inlet (Figure 8).

10. Outcomes

10.1 Oncological outcome

A recent report by Tomifuji et al. demonstrated excellent outcomes of TOVS for 
both new and salvage cases [5]. In 83 new hypopharyngeal cancer cases, the 2-year 
overall survival (OS), disease-specific survival (DSS), local control rate (LCR), laryn-
geal preservation rate (LPR), and disease-free survival (DFS) were 90.6%, 97.4%, 
96.3%, 96.9%, and 80.40%, respectively, and the 5-year OS, DSS, LCR, LPR, and 
DFS were 83.2%, 94.3%, 94.7%, 94.6%, and 73.0%, respectively. In 12 salvage cases of 
hypopharyngeal and supraglottic cancer after RT or CRT, the 2-year OS, DSS, LCR, 
LPR, and DFS were 100%, 100%, 75%, 91.7%, and 75%, respectively, and the 5-year 
OS, DSS, LCR, LPR, and DFS were 87.5%, 87.5%, 75%, 82.5%, and 75%, respectively. 
Regarding T classification, advanced T stage showed worse OS and DSS outcomes 
than early stage. Regarding N classification, patients with N3 neck disease showed a 
significantly worse prognosis in terms of OS and DSS.

Among 115 cases of hypopharyngeal and supraglottic cancer, 20.8% of patients 
had a previous history of RT or CRT in the neck, 28.7% of patients were performed 
postoperative RT or CRT. As the result, 50.4% of patients could be spared RT or 
CRT [5].

10.2 Functional outcome

Regarding swallowing functional outcomes, most patients maintain good oral 
food intake. Among 115 patients more than 6 months after TOVS, the functional 
outcome swallowing scale (FOSS) score, which divides the swallowing function 

Figure 8. 
Case 3. a. Observation with normal light, b. observation with NBI, c. marking of the mucosal incision line, 
d. resection right side of postcricoid to esophageal inlet, e. removal of resected en block specimen, f. view after 
resection: More than half of the posterior wall and the esophageal inlet were resected.
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into six stages, was 0 in 65% patients, 1 in 20% patients, 2 in 4.3% patients, 3 in 
7.0% patients, and 4 in 3.5% patients (0–2, stable status; 3, unstable status requir-
ing occasional follow-up of swallowing function; and 4–5, life-threatening status 
requiring tube feeding or surgical intervention). In 3.4% of patients, oral food 
intake could not be achieved within 6 months of surgery and required tube feeding, 
total pharyngolaryngectomy due to severe pharyngeal stenosis, or laryngotracheal 
separation surgery. Another 1.7% of patients had deteriorated swallowing func-
tion after 4.5 years and 7 years of TOVS and underwent laryngotracheal separation 
surgery to prevent aspiration pneumonia. Therefore, 5.2% of patients could not 
maintain oral intake during the long-term follow-up [5]. The risk factors associated 
with postoperative severe dysphagia include patient age (particularly >80 years), 
large resection area, arytenoid and/or pyriform sinus resection, pulmonary dys-
function, and tracheostomy [10].

Postoperative voice impairment was found in 29.1% of hypopharyngeal and 
supraglottic cancer cases 6–12 months after TOVS. Scar contracture after wound 
healing was the mechanism described in Section 8.2. Large resection area including 
the medial and lateral pyriform sinuses was the risk factor [11]. Surgeons should 
inform the patients regarding the risk of postoperative voice impairment during 
pre-operative counseling.

10.3 Complications

In 115 cases of hypopharyngeal and supraglottic cancer, the major complications 
related to TOVS were neck emphysema (7.8%, conservative observation: 100%), 
airway edema (6.9%, steroid treatment: 88%, tracheostomy: 12%), bleeding (2.6%, 
tracheostomy: 67%, reoperation: 33%), partial laryngopharyngeal necrosis due to 
postoperative RT and CRT (1.7%), perforation of the neck (0.86%), and laryngeal 
chondritis (0.86%) [5].

The proportion of patients avoiding endotracheal tube extubation immediately 
after surgery and maintain intubation for 1 day due to long operation time or poor 
oxygenation was 1.7%. Tracheostomy was performed in 9.5% of patients—in 4.3% 
of patients, prophylactic tracheostomy was performed; in 3.4% of patients, emer-
gency tracheostomy was performed; and in 1.7% of patients, preoperative trache-
ostomy was performed due to dyspnea or difficulty of intubation. Tracheostomy 
could not be closed due to persistent laryngeal stenosis and persistent dysphagia in 
3.4% of all patients undergoing TOVS [5].

11. Future directions

11.1 Development of devices

In the early phase of TOVS establishment, a major problem in the surgical 
procedure was the conflict of instruments in the narrow laryngopharyngeal cavity 
due to the straight shape of the endoscope and forceps. In recent years, endoscopes, 
forceps, CO2 lasers, and electrocautery with flexibility have been commercially 
available (Figure 1d).

The currently available endoscopes are designed for two-dimensional imag-
ing. Therefore, TORS, which uses three-dimensional (3D) imaging, is considered 
superior to TOVS. However, the newly developed 3D endoscopes that can be used 
for TOVS will be commercially available soon. TOVS has the advantage of having 
tactile sense; hence, it can be a more suitable surgery for hypopharyngeal lesions 
using a 3D endoscope than TORS.



Pharynx - Diagnosis and Treatment

154

In addition, new curved blades for the FK-WO retractor have been developed 
(Figure 3). In a trial conducted in our department, new curved blades enabled 
appropriate exposure of surgical fields in the pyriform sinus apex and esophageal 
inlet in five cases with poor surgical field exposure using conventional blades, and 
surgical procedures could be accomplished in all cases. While using curved blades, 
the surgical maneuver is occasionally difficult with straight devices; however, mal-
leable devices fit well [5].

With the continuous development of devices and by combining devices such as 
3D endoscopes, malleable devices, and new curved blades, TOVS will be an easier 
procedure with a broad indication of the entire laryngopharynx and will be a more 
accomplished surgery with better oncological outcomes and safety.

11.2 Management of lymph node metastasis

Cervical lymph node metastasis is one of the most important prognostic fac-
tors in head and neck squamous cell carcinoma. Although many cases of transoral 
surgery are in the early stage with a clinically node-negative (cN0) status, the rate 
of positive lymph node metastasis in patients with cN0 laryngopharyngeal cancer is 
approximate 20–30%. Therefore, it is debatable whether neck dissection should be 
performed immediately in cN0 cases.

Tomifuji et al. reported the relationship between the histological parameters of 
resected primary lesions of TOVS and lymph node metastasis in supraglottic and 
hypopharyngeal cancers. Tumor depth and venous invasion were the most useful 
parameters for predicting lymph node metastases. They recommended that elective 
ND should be considered when the tumor depth is >1 mm and/or there is a pres-
ence of venous invasion. Moreover, careful observation when the tumor depth is 
between 0.5 and 1 mm, and, regular clinical follow-up when <0.5 mm, are recom-
mended, respectively [12].

Another promising strategy for the management of lymph node metastasis is 
sentinel node navigation surgery (SNNS). It enables a personalized evaluation 
for neck dissection in cN0 cases individually, thereby eliminating unnecessary 
ND. Araki et al. reported a multicenter feasibility study of the combination of 
transoral surgery with SNNS for laryngopharyngeal cancer using an intraop-
erative injection of indocyanine green. In 22 patients with cN0 hypopharynx, 
oropharynx, or supraglottic cancer, the accuracy, sensitivity, and specificity of 
the combination strategy were 95.5%, 75%, and 100%, respectively. The 5-year 
DSS rate was 100%, and OS was 72.3% [13]. This combination strategy holds 
promise as a feasible tool for personalized and minimally invasive treatment 
options for both primary lesions and lymph node metastasis with favorable 
oncological outcomes.

11.3 Conversion surgery with neoadjuvant chemotherapy (NAC)

While the major indications for TOVS are early-stage up to T2, TOVS can be 
performed in selected cases with advanced lesions when NAC is effective for 
shrinking the lesions. Tomifuji et al. reported good results of conversion  
surgery with NAC. In the cases of T3 and T4 hypopharyngeal cancer treated 
by NAC (cisplatin +5FU or docetaxel + cisplatin +5FU) followed by TOVS, the 
5-year OS, DSS, LCR, LPR, and DFS were 75.0%, 82.5%, 91.7%, 100%, and 
66.7%, respectively [5].

Although this strategy of conversion surgery seems to be effective, it also has 
an issue. When lesions shrink by NAC, the remaining lesion may be a single mass 
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in some cases or multiple scattered lesions in other cases. When the resection area 
is limited to shrunk lesions, some of the scattered lesions outside the resection area 
might be missed despite the negative resection margin. The resection areas after 
NAC should be determined according to the initial lesions, and it is technically 
difficult to completely resect the entire area of the original advanced lesions. Hence, 
the indication of TOVS as a conversion surgery for advanced lesions should be lim-
ited to highly selected cases, and research on an appropriate and effective strategy 
for conversion surgery with NAC is necessary for the future.

11.4 Other than laryngopharyngeal cancer surgery

TOVS can be applied to any other surgery in addition to that for primary laryn-
gopharyngeal cancer. Parapharyngeal and retropharyngeal metastatic lesions can 
be treated by TOVS in combination with a navigation system [14]. Less invasiveness 
surgery is needed for benign diseases in the laryngopharyngeal region compared 
to that for malignant diseases. The technique of TOVS has great benefits as a 
minimally invasive surgery for benign diseases including cysts, papilloma, benign 

Figure 9. 
56-year-old male, recurrent laryngeal pleomorphic adenoma. The orginal lesion was resected 1 year ago at 
another hospital. The recurrent lesion was located right arytenoid to aryepiglottic fold. a. Pre-operative 
endoscopic view, b. pre-operative view of surgical field, c. resection from inter arytenoid to right arytenoid, 
d. resection of right aryepiglottic fold, e. view after resection: Whole right arytenoid to aryepiglottic fold was 
resected and fibring grue is sprayed. f. Post-operative endoscopic view (9 months after TOVS).

Figure 10. 
19-year-old female, Neurofibromatosis type2. The lesion was located left arytenoid. a. Preoperative view of 
surgical field, b. resection of the lesion.
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Figure 11. 
30-year-old female, pyriform sinus fistula. a. Pre-operative view of surgical field, b. resection of the duct as far 
as possible, c. suture closure of mucosa, e. view after mucosal closure.

tumors (Figures 9, 10), pyriform sinus fistula [15] (Figure 11), foreign bodies, 
injection laryngoplasty for unilateral vocal cord palsy, cricopharyngeal myotomy 
for dysphagia, laryngopharyngeal dilatation surgery for stenosis and so on.

12. Conclusions

TOVS is a minimally invasive organ preservation surgery for laryngopharyngeal 
cancer with good oncological and functional outcomes. The procedure of this 
surgery has some advantage in maneuver and less invasiveness when compared to 
TLM and TORS, especially for hypopharyngeal cancer. It is expected that transoral 
surgery including TOVS will become increasingly popular as one of the standard 
treatments with the development of devices and establishing the evidence by 
accumulating cases.
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Factors of Nasopharynx that Favor 
the Colonization and Persistence 
of Staphylococcus aureus
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Abstract

Between 30 and 50% of the world population is permanently colonized in some 
anatomical site by Staphylococcus aureus, although the vast majority are asymptom-
atic carriers. The nose is its main niche and currently the colonization of S. aureus in 
the pharynx has become relevant due to the variety of reported carrier rates and the 
epidemiological importance of the dissemination of Methicillin-resistant S. aureus 
strains (MRSA) by pharyngeal carriers. For this bacterium to colonize a tissue suc-
cessfully, it is necessary to establish many interactions with bacterial and host cell 
components such as bacterial wall teichoic acids (WTA) with the Scavenger SREC-1 
host receptor and at the same time evade the defense mechanisms. On the other 
hand, there are host factors that will facilitate or complicate the colonization or 
persistence of S. aureus at these sites, such as physiological, genetic, immunological 
and microbiological factors.

Keywords: Staphylococcus aureus, colonization, nasopharynx, microbiota, SREC-1

1. Introduction

Staphylococcus aureus is a Gram-positive bacterium that lives in symbiosis with 
humans, it is an opportunistic and potentially lethal pathogen [1, 2] of great clinical 
importance due to the different virulence, invasiveness and resistance factors that it 
may possess [3]. In humans, it colonizes various tissues, forming part of the normal 
microbiota [3, 4], although it is also one of the principal cause of community-associ-
ated and nosocomial-associated infections; is one of the main causes of bacteremia 
and infective endocarditis, as well as skin, soft tissue and pleuropulmonary infections 
and contamination of medical devices [4]. Invasive disease is associated with a mortal-
ity rate of ≥20% [2]. Uncontrolled use of antibiotics, particularly their inappropriate 
and excessive use, has favored the emergence and maintenance of strains of S. aureus 
resistant to multiple antibiotics such as penicillin (penicillin-resistant S. aureus, 
PRSA), methicillin (methicillin-resistant S. aureus, MRSA) [5, 6] or vancomycin, 
strains with high rates of morbidity and mortality in many countries of the world [5]. 
The most studied primary reservoir site for S. aureus in humans is the nose, pre-
dominantly found in the anterior nasal vestibule [7]. Approximately 30% or more 
of the world population is colonized with S. aureus on the skin, mucous membranes, 
or in the nose [4, 5] (Figure 1).
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The mechanisms of colonization and persistence of S. aureus in the human nose 
have been extensively studied, however, it must be recognized that the clinical 
relevance of S. aureus carriers in the pharynx has not been sufficiently investigated 
[8]. This omission seems to be justified, if the nose is considered as the primary site 
of colonization of S. aureus, from there, other regions of the body are colonized by 
manual propagation [9]. However, in the adult population S. aureus can be com-
monly found in other parts of the body such as the armpits (8%), chest / abdomen 
(15%), perineum (22%), intestine (17–31%), vagina (5%) [10].

S. aureus carriers have been found in the pharynx and have been reported with 
high variability in different populations from 4 to 64% [11], some studies mention 
a higher rate of carriers in the pharynx than in the nose when samples are taken in 
parallel [10, 12, 13].

Colonization of S. aureus in the nose and pharynx is a multifactorial process that 
involves genetic aspects of the host, virulence factors of the pathogen, and possible 
interactions between the microbiota of the host [14], although in principle it is 
thinks that colonization of the pharynx is secondary to colonization of the nose, it is 
likely that both processes are independent [15].

2. Human determinants

The human determinants that allow bacterial colonization can be changes at the 
molecular level that alter the adhesiveness, recognition and eradication properties. 
Epidemiological studies present little information related to molecular studies [10].

The anterior nostrils are one of the main reservoir niches of S. aureus, however, 
the colonization of the nose begins from a cutaneous site, where the bacterium plays 

Figure 1. 
S. aureus can cause a wide range of diseases by spreading to various tissues, among the survival mechanisms 
being the formation of biofilms regulated by several genes such as the accessory regulatory gene agr and by 
intracellular infection mechanisms (Modified from Sasegbon and Hamdy. [49]).
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a role of commensal microbiota and, through contact with contaminated hands, 
spreads to the nose and other parts of the body [16].

Colonization of the nose begins a few days after birth [17]. Between 40 and 
50% of newborns become carriers during the first eight weeks of life but decreases 
to 21% in the sixth month [18]. In another research, 80% of identical strains were 
found among mother–child pairs, and in 90% of newborns, S. aureus came from the 
maternal nose [16].

Days after birth, the hands are the main source of transmission of S. aureus 
from contaminated surfaces to the nose. Reagan et al. [19] demonstrated by means 
of a randomized, double-blind and placebo-controlled trial, the link between the 
passage from the hand to the nose of S. aureus, in addition they demonstrated 
that nasal decolonization with mupirocin decreased the carriage in the hands and 
nose [16].

Research in people living in the same household has found that they tend to 
carry genetically similar nasal strains, suggesting their horizontal transmission. 
Furthermore, it has been shown that the carriage of MRSA strains in various parts 
of the body increases the risk of nasal colonization by MRSA [16].

2.1 Overview of the nostrils

The nasal passage filters 95% of the particles with a diameter greater than 15 μm 
from the inspired air. The nose is extremely important in protecting the distal 
airways from the influence of gases, aerosols, and pathogens [20].

The anterior part of the nasal cavity (vestibulum nasi) is formed with stratified 
squamous epithelium, non-ciliated keratinized (60% of the strains of S. aureus 
originating from the nose are isolated in this part). It has also been shown that S. 
aureus can colonize and persist in ciliated nasal epithelial cells in the inner part of 
the nasal cavity (internal nostrils) with pseudostratified columnar ciliated epithe-
lium [9, 14].

The epidermis and dermis are the two main layers that line the vestibulum nasi. 
The dermis is a connective tissue that contains both epidermal and lymphatic 
structures, and vascular ducts, nerves, nerve endings, collagen, and elastic fibers, as 
well as a wide variety of specialized immune cells [7].

The epidermis is made up of the basal, spiny, granular, lucid and corneal 
striatum [7]. These five main strata are characterized by cells in different stages 
of differentiation, during which the anterior nasal epithelial cells change their 
appearance to keratinized squamous anucleated cells called corneocytes, these cells 
form the stratum corneum (also called cornified layer) being the most external, 
they are also surrounded by a protein structure containing loricrin and involucrin 
(Figure 2) [7, 14]. The upper layers of the keratinized epithelium are constantly 
being replaced, which could contribute to the elimination of the attached bacteria, 
however, this does not happen [14].

2.1.1 Loricrin

Epithelial tissues are the main appendages that protect the internal organs of 
the body from environmental stress, chemical damage, and microbial infections. 
The stratified epithelia seen on the skin and oral mucosa are one of the most 
resistant and protective epithelia, as it resists severe physical and chemical forces 
and do so by producing a hardened structure: the cornified cell envelope (CE). 
Loricrin is an important component of keratins. These keratins are structural 
proteins and constitute approximately 85% of a fully differentiated keratinocyte 
(Figure 3) [21, 22].
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Loricrin is an insoluble polypeptide with a molecular weight of 26 kDa. It has a 
conserved epitope and is a major cornified envelope protein seen in the cytoskele-
ton of the stratified parakeratinized epithelium. Being a late differentiating protein, 
it is introduced into the cornified envelope structure due to its cross-linking and 
binding property. It improves the function of the corneocyte protective barrier in 
differentiated keratinocytes [21].

Loricrin occupies an important part (70%) of the cornified epidermal envelope. 
Its concentration is reduced to approximately 30–50% in certain areas such as the 
palate and esophagus, while it is not expressed in many internal epithelia such as 
the oral mucosa. In in vivo studies in mammalian tissues, loricrin has a very high 
expression in all stratified epithelia, and is expressed even more in moist tissues of 

Figure 2. 
Nasal colonization sites of S. aureus. 1. Vestibulum nasi or nasal cavity, is the ecological niche of S. aureus 
in humans. S. aureus Has a large amount of adhesins such as ClfB (light blue line), IcaA (strong blue line), 
Spa (orange line), SdrC (green dots), FnBPA (pink triangle), which can bind to various proteins of the nasal 
epithelial cells such as keratin and loricrin (red line), involucrin (purple line), unknown receptors (black 
triangle), fibronectin (gray rectangle). 2. The inner part of the nasal cavity can also be colonized by S. aureus 
and survive for a long time, at this site it binds by multiple load interactions by the teichoic acids of the 
bacterial wall (WTA) with the SREC-1 nasal cell receptor. (modified from Sakr et al. [16]).

Figure 3. 
Location of loricrin, involucrin, keratin and other macromolecules in mature corneocytes (modified from 
Ishitsuka and Roop. [21]).
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newborns such as the epidermis, foreskin, epidermal sweat ducts, in addition to the 
oral and anal mucosa and the esophagus [21, 22].

In vitro analysis and studies in animal models have revealed that the main colo-
nization target ligand of S. aureus is loricrin, binding with clumpling factor B (ClfB) 
in squamous epithelial cells [23].

2.1.2 Involucrin

Involucrin is a soluble cytosolic protein that is the precursor of the cornified 
envelope, its main function is to donate a glutamyl or glutamine in the crosslink-
ing reaction catalyzed by the enzyme transglutaminase and it disappears from the 
soluble phase after the activation of calcium-dependent transglutaminase. 20% of its 
structure is glutamate and 25% glutamine. An important biochemical characteristic 
of involucrin is that it contains a central domain composed of 39 tandem repeats of 10 
amino acids each segment, this repetitive structure is conserved in the involucrins of 
all higher primates, only varying the number of repeats [24]. In the cornified struc-
ture, involucrin is adjacent to the cell membrane, when the cell membrane is replaced, 
involucrin is the main substrate to which lipids esterify, primarily ceramides, are cova-
lently attached to form the outer surface of the cornified envelope (Figure 3) [25].

The iron-regulated surface determining protein (IsdA) promotes the adhesion of 
S. aureus to squamous cells that cooperate in binding to the cornified cell envelope 
with the host proteins loricrin, involucrin, and cytokeratin [26].

2.1.3 Cytokeratine 10 (K10)

In the epidermis, keratinocytes travel from the basal cell layer to the postmitotic 
spinous suprabasal cells, and during the process, there is a significant change in the 
expression of basal cell keratins (K5, K14, and K15) to suprabasal epidermal kera-
tins first to type II K1 keratin and later to type I K10 keratin. The keratin filaments 
are structurally composed of the K1 / K10 pair and form dense bundles, character-
istic of suprabasal epidermal keratinocytes, and this gives the cells and the entire 
epidermis mechanical integrity (Figure 3). However, there are more functionalities, 
as K10 has been shown to specifically inhibit the proliferation and progression of 
the keratinocyte cell cycle and the decrease in K10 leads to an increase in keratino-
cyte renewal [27, 28].

It has been shown that cytokeratin 10 is a receptor for ClfB of S. aureus, which 
facilitates the nasal colonization of this and other bacteria [29].

2.2 Interactions with the nasal cavity

Another ecological niche of S. aureus in addition to the vestibulum nasi is the 
internal part of the nasal cavity (Figure 2). The teichoic acids of the bacterial wall 
(WTA) are a principal factor for the colonization process. A study reported in an 
animal model that mutated strains deficient in the tagO and tarK genes that partici-
pate in WTA biosynthesis did not adhere to or colonize the nose cells of cotton rats 
compared to control bacteria [14].

Baur et al. [30] re-studied the adhesion to nasal cells of WTA and reported the 
expression of the SREC-1 receptor (from the family of Scavenger receptors type F) 
in the nose of cotton rats and in epithelial cell lines of the human internal nasal cav-
ity. In addition, they found that SREC-1 interacts with WTA and verified it in cotton 
rats infected with a previous treatment with anti-SREC-1 antibodies, significantly 
decreasing colonization after 8 hours and 6 days after inoculation compared to the 
control group.
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2.2.1 SREC-1 receptor

The key role that WTA plays in the early colonization stages of S. aureus has been 
demonstrated, however, until recently the ligand with which it binds to initiate 
adhesion and colonization with the host was found.

The Scavenger receptor superfamily can bind and endocyte many ligands, which 
causes the elimination of both exogenous and unnecessary endogenous molecules 
[31]. It is important to mention that the affinity for the ligands is shared by several 
Scavenger receptors, regardless of whether their classes (A-J) have little or no 
biochemical homology [31, 32].

The Scavenger 1 class F receptor (SREC-1, SCARF1 or SR-F1), is the most 
expressed by endothelial cells (of the Scavenger family). It is a type I transmem-
brane protein that weighs 86 kDa, contains some epidermal growth factors (EGF) 
with similarity to the extracellular region, a small transmembrane domain, and a 
long cytoplasmic tail rich in proline and serine [33].

The size of the cytoplasmic domains could have a role in intracellular signal-
ing, however, this function has not been found. SREC-1 is an evolutionarily highly 
conserved receptor, particularly in the extracellular domain, and shows significant 
homology with the Caenorhabditis elegans Scavenger receptor CED-1, important in 
homeostasis and innate immunity of C. elegans [34].

SREC-1 was obtained from human umbilical vein endothelial cells (HUVEC), 
but its expression has been reported in multiple cells, including epithelial cells [30], 
sinusoidal endothelial cells [33, 35], dendritic cells, B-1 cells. [36] and macrophages 
[35, 36]. It is important to mention that almost all studies focused on the function-
ality of this receptor have used transfected cell lines, designed to express the recep-
tor extracellularly in vitro, and some studies have used cells that naturally express 
the SREC-1 receptor in vivo [33]. Furthermore, the first reports of the expression 
of this receptor showed high transcriptional expression in multiple human tissues 
such as spleen, lung, heart, liver, and kidney and it has been corroborated in murine 
tissues [33, 36]. However, more studies are needed to investigate its expression and 
cellular distribution at the protein quantity in these tissues. So far, there is only one 
study that has fully characterized the cellular distribution and expression of the 
SREC-1 receptor in healthy and chronically ill human liver [35]; therefore, much 
remains to be studied to understand the activity of this receptor in human cells and 
tissues [33].

2.3 Individual host factors favoring nasal colonization of S. aureus

Some studies have found that S. aureus nasal carriers are more common in people 
infected with the Human Immunodeficiency Virus (HIV) [37] and obese patients 
[38], compared to healthy individuals. Nowak et al. [39]   published the positive 
correlation between percentage of body mass and susceptibility to colonization by 
S. aureus in healthy male individuals. This high prevalence was also reported in dia-
betic dialyzed patients, compared with non-diabetic patients [16]. Other diseases 
such as granulomatosis with rheumatoid arthritis, skin and soft tissue infections 
[40], atopic dermatitis, and recurrent furunculosis have been associated with an 
increased carrier rate [16].

Contrary to what was reported by Nowak et al. [39], Liu et al. [41] found 
similar percentages of carriers in women and men, however, men had a higher 
density of bacteria. To date, it has not been confirmed that hospital workers 
are at increased risk of being nasal carriers of S. aureus compared to the rest of 
the population [42, 43]. The association between nasal carriers of S. aureus and 
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smoking is controversial, Olsen et al. [44], reported that healthy active smokers 
are protected from becoming carriers of S. aureus, due to the possible antibacte-
rial activity of tobacco. However, another experimental inoculation study showed 
that smokers are colonized more frequently than non-smokers and that quitting 
smoking improves clearance of S. aureus nasal [45]. Other host pathologies, such as 
hormonal contraception [46], have also been extensively studied, and the presence 
of hemoglobin in nasal secretions has been reported as an additional predisposing 
factor [16].

Regarding host genetics, no significant heritability data has been detected for 
nasal colonization of S. aureus in twins and family studies [47, 48]. However, some 
polymorphisms have been found in genes involved in inflammatory processes and 
have been associated with the carriage of S. aureus in the nose, for example, the phe-
notype of the histocompatibility antigen HLA-DR3 could be a predisposition [16].

The host cell presents modified carbohydrates and secretes surface proteins, 
such as blood group antigens, which are involved in bacterial adhesion and colo-
nization. An investigation found that people with blood group O have a 6.5 times 
higher risk of being carriers of S. aureus in the pharynx, compared to people with 
blood group A [9].

2.4 Overview of the pharynx

The pharynx is a muscular chamber that serves the respiratory and digestive 
systems to receive air for the nasal cavity and food and water for the oral cavity [49]. 
The oropharynx consists of five layers: mucosa, submucosa, pharyngobasilar fascia, 
constrictor muscle, and oropharyngeal fascia [50]. The pharynx has stratified 
non-ciliated epithelium that secretes mucus with mucin. Specifically, the posterior 
wall of the oropharynx (and the soft palate) is lined by a nonkeratinized stratified 
squamous epithelium, supported by an underlying lamina propria and a muscular 
layer. In the palatal and lingual tonsil regions, there are nodules of lymphoid tissue 
located below the epithelium, each tonsil is in a fixed position, in other regions 
there are membrane-associated lymphoid tissue [MALT], found throughout the 
body. The structural support is mainly provided by reticular fibers composed of 
type III collagen. These fibers condense and combine with elastin fibers to form 
septa that dissect the tonsillar parenchyma [50]. S. aureus can bind to multiple 
ligands of the pharynx such as collagen, fibronectin, fibrinogen through adhesin 
proteins such as Cna, FnBa, FnBb, among others (Figure 4) [16].

The oropharynx links the mouth, nasopharynx, lower respiratory tract, and 
gastrointestinal tract and is always exposed to a large number of microorganisms, 
both exogenous and endogenous. The set of species to be studied is wide, since there 
are very diverse bacterial communities in both adults and the elderly. The pharynx 
is also a niche for pathogenic bacteria that can cause localized (pharyngitis) or  
disseminated disease (primarily lung disease or systemic if spread) [51].

2.4.1 Importance of the study of S. aureus in the pharynx

The pharynx has recently been identified as a potential colonization site for 
S. aureus, this colonization can occur in the presence or absence of nasal coloniza-
tion [52]. Being a carrier of S. aureus in the pharynx has potentially important 
implications in decolonization strategies for populations at high risk of infection, it 
is unlikely that topical drugs aimed at eradicating nasal colonization affect trans-
port in the throat, therefore which could be an important focus in future infections 
if S. aureus persists in the pharynx [53].
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Most of the S. aureus detections, in particular MRSA, are only made from nasal 
swabs, since the pharyngeal swab is not considered a standard, Mertz et al. [54] 
mention that some drawbacks of pharyngeal exudate is causing discomfort to the 
patient and that it increases the cost to the health care system without significantly 
greater sensitivity. However, as mentioned above, pharyngeal colonization may be 
more common than nose colonization than has been published.

The rate of nasal carriers of MRSA in hospital patients has been found to be 5.9 
to 15.6%, however, the rate of pharyngeal MRSA carriers is between 10 and 23.1%, 
which represents a greater number of carriers in the pharynx [55].

Cirkovic et al. [56] conducted a study of carriers and genetic diversity of MRSA 
in 195 hospitalized patients and 105 workers of a University Hospital in Serbia and 
reported a rate of 32.2% of exclusive MRSA carriers in the nose and another 32.2% 
of exclusive carriers of the pharynx, in addition of 35.5% of MRSA carriers in both 
sites, so the exclusion of pharyngeal exudates would result in a significant error in 
a substantial part of this work, since around a third are MRSA carriers exclusive to 
the pharynx [12, 13].

2.4.2 Interaction of S. aureus with the microbiota

Pathogenic bacteria can coexist with their host in two ways, as harmless micro-
biota microorganisms or as invading pathogens that enter healthy tissues after over-
coming innate defense mechanisms or if the immune system is compromised [57]. 
Despite microbiology studies regarding infection mechanisms, ecological studies of 
pathogenic microorganisms present in the human microbiota are still lacking [58].

In vitro and in vivo studies that simulate colonization by S. aureus, as well as 
analysis of microbiomes and metagenomes reveal that the nose presents an interme-
diate level of bacterial diversity compared to the human oral cavity and intestine, 
but they present greater diversity than the vagina, which has less diversity. A per-
centage of the human population carries several bacterial species in the nose, such 
as Finegoldia magna, Dolosigranulum pigrum and Salmonella spp., are negatively 
correlated with colonization by S. aureus [41, 59]. It is not known how the nasal 
microbiota can prevent S. aureus colonization. Understanding this mechanism can 
help to understand why about 30% of the human population is persistently colo-
nized by S. aureus, another 30% is highly resistant to nasal colonization by S. aureus, 
and the remainder are considered intermittent carriers [58].

Figure 4. 
Colonization of S. aureus in the human pharynx. S. aureus Competes directly with bacteria that 
predominantly colonize the pharynx; it is known that bacteria such as Streptococcus pneumoniae, 
Streptococcus mutans, Streptococcus mitis, among others, inhibit the growth of S. aureus. Regarding the 
colonization mechanism, so far only the same ones as in the nose have been studied, for example, their binding 
to fibrinogen, fibronectin, collagen, among other proteins expressed in both anatomical sites, however, they have 
not been analyzed in depth its specific interactions with the pharynx.
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2.4.3 Nasal microbiota

The nasal cavity of humans harbors a diverse bacterial community that is in 
principle stable at the gender level [41, 59, 60], but may vary between individu-
als and with season [61] In the same way, other places in the human body that are 
exposed to the environment are the skin and the oropharynx [61–63]. The dynam-
ics of the nasal microbiota have not yet been analyzed. The analysis of the nasal 
microbiota is performed by amplification and sequencing of the 16S rRNA gene, 
that in many cases it is not possible to distinguish between species, therefore should 
implement shotgun metagenome sequencing techniques [58].

Many species of nasal bacteria are anaerobic [64], indicating that part of the 
nasal epithelium is barely exposed to air in the nasal cavity. Many species cannot be 
cultivated in vitro, they require special growth conditions [58].

Bacteria in the nose belong mainly to three phyla (Actinobacteria, Firmicutes, 
and Proteobacteria) and 80% humans or more are colonized with Corynebacterium 
spp., Propionibacterium spp., and Staphylococcus spp. [62, 65, 66]. Other genera are 
found less frequently [41].

Based on the abundance of characteristic species in the human nose, seven types 
of community status (CST) have been defined. (CST), each of which represents 
a nasal bacterial community dominated by S. aureus (CST1), Enterobacteriaceae 
(Escherichia spp., Proteus spp., Klebsiella spp. and others; CST2), S. epidermidis 
(CST3), Propionibacterium spp. (CST4), Corynebacterium spp. (CST5), Moraxella 
spp. (CST6) or Dolosigranulum spp. (CST7) [41]. S. aureus was found in several 
CSTs, although much less frequently than in CST1 [58].

During the first years of life, the microbiota of the respiratory tract develops 
[67, 68]. The oral microbiota is similar to that of the skin, but is less similar to that 
of the oral cavity. So the nose could be an intermediate step between these two 
niches [62]. The microbiota of the sebaceous and moist areas of the skin is more 
similar to that of the nose than to the dry areas of the skin [61]. Streptococcus spp. 
is abundant in the oral cavity, but it is found in low numbers in the nose [69]. 
Species of Coagulase-negative Staphylococcus (SCN), such as Staphylococcus capitis, 
Staphylococcus warneri, Staphylococcus hominis, and Staphylococcus lugdunensis, are 
prevalent on the skin, but they are only found in the nasal cavity of some people, 
with the exception of S. epidermidis, which colonizes both the nose and the skin of 
most people [58].

2.4.3.1 Factors influencing composition of the nasal microbiota

Bacterial communities in the nose undergo seasonal variations, mainly during 
the change from winter to spring [70]. The environment plays an important role in 
the composition of the nasal microbiota as factors such as humidity, temperature, 
dust or pollen influence [41, 70]. Furthermore, smoking has been shown to prevent 
nasal colonization by S. aureus [44], although it is still under discussion [45]. Some 
studies have shown that the gender and genetic composition of the host have a mod-
erate influence on the colonization of S. aureus, however the type of nasal microbi-
ota seems to be an important factor for the colonization of this bacterium [41, 48]. 
Furthermore, nasal colonization by S. aureus hardly varies between humans of 
different ethnic and geographic origins [70]. The various regions of the nose, from 
the anterior vestibule to the sphenoethmoidal recess in the posterior nasal cavity, 
are lined with mucus, thus differing in the composition of the microbiota between 
individuals [60].

Metagenomic studies have shown the importance of the role of bacteriophages 
in the dynamics of the microbiota of the skin and intestine [71]. In the human nose 
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the abundance and diversity of bacteriophages have not yet been analyzed, they can 
alter the nasal microbiota. Bacteriophages are one of the main mechanisms for hori-
zontal transfer of virulence and antibiotic resistance genes between staphylococci 
and other bacteria, which can contribute to the appearance of new strains [72].

2.4.3.2 Competition for nutrients

Unlike the gastrointestinal microbiota, bacteria in the nasal cavity do not 
interact with food in the diet and can only acquire nutrients that are excreted by 
cells, so nasal secretions contain few nutrients [73] and are has hypothesized that 
bacteria in the nasal microbiota compete for scarce nutrients. Nasal secretions 
contain NaCl in physiological concentrations (~ 150 mM) and low levels of potas-
sium, magnesium, and phosphate. Carbohydrates, amino acids, and other nutrients 
are found in nasal secretions in much lower amounts than those found in plasma 
[58]. There is a synthetic nasal medium (SNM), containing nutrients in the same 
amounts as in nasal fluid, allowing S. aureus to develop, but most SCNs cannot grow 
under these conditions or grow very slowly [73]. This would indicate that most of 
the SCNs present in the nose are only transitory and are not a permanent coloniza-
tion site for these bacteria. Many of the genes involved in the nutrient absorption 
systems and anabolic metabolic pathways in S. aureus are highly expressed in NMS 
or in the nose [73]. S. aureus is successful when it competes with other nasal micro-
organisms as it depends on its ability to grow in low amounts of nutrients. Nasal 
bacteria do not always compete with other bacteria for nutrients, in certain cases 
they can also cooperate with others to obtain specific nutrients, such as S. aureus 
and Corynebacterium accolens that seem to have a mutualistic relationship [60].

The main carbohydrate in nasal fluids is glucose and it is found in low concen-
trations (between 35 μM and 1 mM, with an average value of ~370 μM) [73] which 
depends on the nutritional status of the person. The colonized by S. aureus is higher 
in diabetic people, perhaps due to high concentrations of nasal glucose. Sialic acids, 
which line the membrane of eukaryotic cells, can be an important source of energy 
for bacteria in the nasal cavity [58]. Many bacteria can metabolize sialic acids how 
S. aureus and some SCNs including S. intermedius, S. lugdunensis, and S. saprophyti-
cus, but not S. epidermidis, can absorb and use sialic acid [74].

S. aureus is the only one of the staphylococci that can degrade the main phospha-
tidylcholine group that is released from eukaryotic cells, extracellular glycerophos-
phocholine (GroPC). S. aureus can grow with GroPC as the sole carbon source so it 
can survive in limited nutrient conditions [58].

Nasal fluids contain several of the 20 amino acids necessary for protein bio-
synthesis in concentrations between 10 μM and 250 μM; however, several such as 
methionine, tyrosine, aspartate, asparagine, glutamine, and isoleucine are found in 
very low concentrations [73] so they need to be synthesized by nasal bacteria. This 
was verified since a mutant of S. aureus that presents a deficiency in the synthesis of 
methionine was isolated and this affected its growth in the cotton rat nasal coloni-
zation model [14, 73]. In certain sites of the nose, the concentrations of amino acids 
and peptides may be higher, S. aureus and other nasal bacteria secrete proteases that 
can degrade host proteins, which are found in high concentrations in nasal fluids, 
such as albumin, lactoferrin, mucins, cytokeratin 10, and hemoglobin [75]. S. aureus 
produces approximately ten extracellular proteases, which makes it different from 
most other nasal bacteria that do not produce extracellular proteases or produce 
only a few [76].

Nasal discharge, in addition to being low in nutrients, is also poor in essential 
metal ions such as zinc, manganese, iron, and other host proteins such as calpro-
tectin and lactoferrin, which sequester these ions from the nasal cavity to prevent 
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bacterial growth [75]. Because of this, the microbiota needs specific mechanisms to 
compete with the host’s defense, known as “nutritional immunity” [58].

When the growth of nasal bacteria slows due to a lack of nutrients, some bacte-
ria produce antimicrobial substances to inhibit competing bacteria, these antimi-
crobial substances are normally ribosomally synthesized and post-translationally 
modified peptides (RiPP) or nonribosomal peptide-synthetase (NRPS) enzymes. 
Bacteria that produce these molecules are protected from specific immunity. 
Antimicrobial RiPPs (called bacteriocins) sometimes have a limited range of activ-
ity and are produced against specific groups of nasal bacteria. Most bacteriocins 
in nasal bacteria show changes such as thiazole heterocycles, lanthionine bridges 
(lantibiotics), and oxazole (microkines) or pyridine rings (thiopeptides) [77]. 
There are not many reports of bacteriocins in bacterial species isolated from the 
human nose [78].

Nasal strains of Staphylococcus spp. were studied for antimicrobial substances 
and found to be produced with a high frequency (86%) and a wide diversity of 
activities against groups of nasal bacteria. Due to this, bacteriocins can play a 
very important role in the formation of the nasal microbiota. Most members 
of Firmicutes and Proteobacteria are unaffected by the inhibitory activities of 
staphylococci, except Dolosigranulum pigrum and Moraxella catarrhalis. However, 
some bacteria of the phylum Actinobacteria, such as Corynebacterium pseudodiph-
theriticum and Micrococcus luteus, were inhibited by staphylococcal bacteriocins 
[79]. These susceptible bacteria may be the main competitors of nasal staphylococci 
[58]. Most of the staphylococcal genes used in bacteriocin biosynthesis are found in 
mobile genetic elements forming part of plasmids or on the bacterial chromosome, 
which undergo extensive genetic rearrangements and horizontal gene transfer [79].

Bacteriocins have a wide variation in amino acid sequence, which can cause 
changes in the spectrum of activity [80, 81]. Due to this, the evolutionary process 
could have increased and changed the type of nasal bacteria, causing changes 
in the composition of the microbiota. This is the case with thousands of genes 
that produce secondary metabolites, many of which are potential antimicrobial 
substances. In investigations of the human metagenome of different surfaces of 
the human body, it was found that antimicrobial peptides can play an important 
role in the maintenance of the human microbiota [81]. In an investigation of nasal 
strains, S. epidermidis strains were found to be the main antimicrobial-producing 
bacteria, while S. aureus rarely produces these substances. The production of vari-
ous antimicrobials is favored by stressful conditions during colonization, such as 
iron limitation or the presence of hydrogen peroxide (H2O2), indicating that many 
antimicrobials are tightly regulated [79].

Most staphylococcal bacteriocins are inactive for S. aureus. But, S. lugdunensis 
can synthesize an antimicrobial compound called lugdunin that inhibits and kills 
S. aureus. Lugdunin is encoded by the bacterial genome and is the first identified 
antimicrobial NRP produced by a human commensal bacterium, and represents 
a new class of cyclic peptide antibiotics containing thiazolidine. The lugdunin 
production operon is present in almost all nasal strains of S. lugdunensis, allowing 
this bacterium to compete with and kill S. aureus. People colonized by S. lugdunensis 
have a six times lower risk of being carriers of S. aureus than people who are not 
colonized [82]. Similarly, SCNs that produce certain bacteriocins can prevent 
S. aureus from colonizing the skin in patients with atopic dermatitis [83]. These 
results show the importance of the production of antimicrobial compounds by 
commensal bacteria that can prevent colonization by pathogenic bacteria such as 
S. aureus [58]. Another enzyme called lysostafin that is produced by Staphylococcus 
simulans could degrade the cell wall of multiple species of staphylococci, including 
S. aureus, by hydrolyzing the pentaglycine bonds that bind peptidoglycan [84].
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Other bacteria in the nose use indirect methods to inhibit the growth of compet-
ing bacteria, such as S. pneumoniae, which is found mainly in the throat and rarely 
in the nose, but colonization by S. pneumoniae prevents colonization of the nose 
by S. aureus [58]. Possibly, this inhibition may be due to the release of hydrogen 
peroxide, a metabolite produced by S. pneumoniae that produces the generation of 
free radicals that damage DNA, and which also activates the prophages contained 
in the genome of S. aureus strains, which that causes the lysis of bacteria [85]. 
Also, S. pneumoniae can interfere with S. aureus in other ways, such as by inducing 
cross-reactive antibodies that prevent S. aureus colonization [86]. Viridans group 
streptococci (S. mitis, S. sanguis, S. oralis, S. mutans, and S. sobrinus) have also been 
found to prevent MRSA colonization of the pharynx in newborns, due to bacterio-
cin activity of peroxidase type [87].

2.5 Pharyngeal microbiota

In the nasal, oral and pharyngeal human cavities live hundreds of microbial spe-
cies, including between 25 and 40 families archeas, bacteria, amoebae and fungi, 
as evidenced in a wide range of cultures. The number of newly discovered species 
has increased considerably due to the discovery of noncultivable species [88]. A 
data published in the Human Microbiome Project (HMP), 5 main bacterial phyla 
have been identified in the pharynx: Firmicutes, Proteobacteria, Bacteroidetes, 
Fusobacteria and Actinobacteria. Interestingly, the pharyngeal microbiome is 
distinguished from other parts of the body (intestines, skin and vagina) by having 
more Bacteroidetes. The proportion of bacterial phyla in the pharyngeal microbi-
ome comprises 27% of Bacteroidetes and only 10% of Proteobacteria, compared 
to the salivary microbiome, whose proportion corresponds to 9% of Bacteroidetes 
and 51% of Proteobacteria. These two phyla are mentioned because they are the 
main pathogens in human infections, for example, periodontitis is caused by 
Bacteroidetes and the most common Gram-negative pathogens (Acinetobacter, 
Moraxella, Pseudomonas, Haemophilus, Klebsiella, and Legionella spp) [89]. 
However, the two genera that dominate the micro-ecosystem of the pharynx are 
Streptococcus and Prevotella [90].

2.5.1 The pharyngeal microecosystem

The most common bacterial genera in the human pharynx are Prevotella, 
Capnocytophaga, Campylobacter, Veillonella, Streptococcus, Neisseria, Haemophilus, 
which represent 9.72% to 1.26% of the bacteria in the normal microbiome, accord-
ing to HMP data. [89, 90]. As there are few studies of the pharyngeal microbiome, 
many interactions between the components of the microecosystem are not clear, 
however, the interactions of microorganisms with factors of the local environ-
ment are characteristic of the microbiome. From the above, it can be assumed that 
the pharyngeal microbiome may share common characteristics of other human 
microbiomes [89].

2.5.2 Potential roles of the pharyngeal microbiome

Animals have developed strategies that allow them to evade the invasion of 
microbial pathogens and humans are no exception. Therefore, the one inhabited by 
commensal microorganisms that participate as defenders has a fundamental action 
to comply with these strategies. However, the role of the pharyngeal microbiome 
in respiratory tract infections (RTIs) is not fully understood, there is evidence to 
suggest a protective effect, like the gut microbiome [89].
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The pharynx microbiome plays a crucial role in lining the mucosa of the respira-
tory tract by protecting against infections by airborne pathogens, in addition to the 
immune mechanisms of the host, particularly against emerging infectious agents 
[89, 91].

Homeostasis of the pharyngeal microbiome is necessary to prevent infections 
caused by native bacterial species, which allows the abundant development of each 
species. Many pathogenic species can adapt well to the pharyngeal ecosystem and 
become established in the resident microbiome, rendering the host asymptomatic 
(such as S. aureus, H. influenza, and Mycoplasma pneumoniae) [92]. In epidemiologi-
cal studies it has been suggested that the proportion of resident pathogens varies 
seasonally, as does the incidence of RTIs attributed to them [93].

3. Conclusions

S. aureus is an important clinical pathogen for humans that has developed the 
ability to bind to various components of the extracellular matrix of a wide range 
of cells and has generated mechanisms that allow its survival and persistence in 
adverse conditions such as the formation of biofilms. and intracellular infection, 
which overwhelmingly evades the host’s immune response in various human tissues.

On the other hand, it has also been possible to integrate with other important 
bacterial communities of the nose and skin to form part of the normal microbiome 
of these sites, but it can also survive in other tissues where it is not considered a 
normal microorganism, as is the case of the pharynx or intestines.

Although there are many studies of the colonization mechanisms and interac-
tions of S. aureus in the nose, there is little information on the processes and interac-
tions that it performs in the pharynx. Therefore, additional studies of the pharynx 
as a site of colonization of S. aureus are required.
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Chapter 12

The Evaluation and Treatment 
of Obstructive Sleep Apnea 
Syndrome
Abdullah Alhelali

Abstract

The pharynx is composed of complex soft structures such as muscles and 
 lymphoid tissues. These soft tissues cause the pharynx to collapse during sleep, 
eventually causing narrowing and obstructive apneas. Recently, sleep obstructive 
apneas have received increasing attention because many serious consequences 
can occur. Systemic diseases such as hypertension, coronary artery diseases, and 
cognitive dysfunction can occur. Despite its low adherence rate, continuous positive 
airway pressure is considered the most recommended management strategy for 
adults. In children, adenotonsillectomy is the primary intervention. Many other 
surgical interventions have been utilized. This chapter will cover the most essential 
types of pharyngeal surgery used to manage obstructive sleep apnea syndrome.

Keywords: pharynx, sleep, obstructive, apnea, sleep surgery

1. Introduction

Obstructive sleep apnea syndrome (OSAS) is one of the common conditions 
encountered by otolaryngologists. During sleep, many episodic cessations or 
decreases in breathing (apnea or hypopnea) occur repeatedly in patients diag-
nosed with OSAS [1–4]. It affects all ages, with a higher incidence in adults [5]. 
The prevalence of sleep apnea ranges from 2% and 14% [6]. Many sequelae of this 
disease have been reported. Systemic diseases such as diabetes, hypertension, and 
heart diseases have been reported [7]. The treatment of OSAS has been associated 
with significant improvements in hypertension [8, 9], motor vehicle collisions [10], 
and many psychosocial functions [11]. Establishing the diagnosis of OSAS requires 
a combination of sleep studies (polysomnography PSG) and a record of daytime 
symptoms. An apnea-hypopnea index (AHI) equal to or greater than five events in 
one hour in adults [12] and equal to or more than one event per hour in children [13] 
is considered abnormal. During the day, individuals with OSAS may feel fatigued 
or unrested and may have vigilance and cognitive function impairments, as well as 
on-road and occupational accidents [14].

The pharyngeal airway plays the major role in airway narrowing during 
sleep. Many surgical and nonsurgical treatments have been proposed and used. 
Nonsurgical management includes behavioral changes, weight loss, the use of 
medications, continuous positive airway pressure (CPAP) and oral appliances. 
Surgical treatment includes tracheostomy, uvulopalatopharyngoplasty, mandibular 
advancement, and hypoglossal nerve stimulation [15].
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In adults, CPAP is considered the first choice for management. It is useful in 
decreasing daytime sleepiness and improving quality of life measures [16]. CPAP 
works by splinting the airway, particularly the pharyngeal airway, during sleep. The 
main drawback of CPAP is poor adherence reported in the literature. Compliance 
was defined as a minimum of 4 hours of use per night. Nonadherence reports in the 
literature range from 46% to 83% [17].

2. Drug-induced sleep endoscopy, DISE

An endoscopic evaluation of the airway during sleep induced by anesthetic 
agents is a commonly used method to determine the area of obstruction. The 
ability to tailor the surgical intervention for each patient individually is paramount 
in determining the success rate. The main significant difference between awake 
and sleep endoscopic airway assessments is that the latter provides a thorough 
dynamic evaluation of airway and pharyngeal collapse in situations mimicking 
natural sleep. In one systematic review, over 50% of surgeries planned based on 
the awake examination were changed after DISE [18]. DISE is indicated before any 
sleep surgical intervention in adult patients with OSAS who is unable to tolerate 
CPAP [19], with socially impacting primary snoring [20], and in whom previous 
surgery was unsuccessful in curing OSAS [21]. The procedure can be performed 
safely in an office-based setting or operating room. The main requirements are a 
quiet and comfortable room with dim light simulating natural sleep. The procedure 
is performed by an endoscopist who inserts a thin flexible scope in the presence of 
an anesthetist with basic cardiac, oxygen saturation, and blood pressure monitor-
ing [22]. The depth of sedation should mimic natural sleep. It can be assessed by 
observation and snoring. The bispectoral index, BIS, is currently a very commonly 
used tool to monitor the depth of sedation. The targeted depth of sleep is still a 
topic of debate. A range from 50 to 70 is recommended [20]. BIS monitoring and 
clinical observations must be combined to achieve the optimal depth of sedation. 
Many agents have been used for DISE. Midazolam, propofol, and dexmedetomidine 
are commonly used. Recent studies preferred dexmedetomidine in terms of safety 
and a lower induction of airway collapsibility during DISE [23–25]. The flexible 
endoscopic evaluation started from the nasal cavity, assessing the nasal airway, 
nasopharynx, velopharynx, lateral pharyngeal wall collapse, tonsils, tongue base, 
hypopharynx and larynx. A widely accepted classification to grade the obstruction 
is not available. Many classifications have been used [26, 27]. Most importantly, the 
chosen classification should document the level, degree, and configuration of the 
obstruction [20].

3. Pharyngeal surgeries for treating OSAS

3.1 Adenotonsillectomy

In children, hypertrophied adenoids and tonsils are the leading cause of OSAS 
[28]. Most children benefit from adenotonsillectomy. The cure rate (AHI < 1/hour) 
after adenotonsillectomy ranges from 25% to 71% [29–31]. Many factors affect 
the resolution of OSAS after adenotonsillectomy. Obesity, an older age, and severe 
preoperative AHI are among these factors [29, 31].

Adenotonsillectomy is one of the most widely performed surgeries. It is a 
safe, easy, and effective surgical intervention. Tonsillectomy is a very widespread 
procedure that is utilized to treat OSAS in adults alone or in combination with 
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other surgical procedures. However, it is the first line of management in children 
with OSAS [29]. Despite a major improvement in OSAS in the majority of children 
who underwent tonsillectomy, some children might experience persistent OSAS. 
The incidence of persistent OSAS after adenotonsillectomy varies in the literature 
according to the definition of cure after adenotonsillectomy and the study popula-
tion, ranging from 10 to 77% [32]. A clinician should consider persistent OSAS after 
tonsillectomy if symptoms of snoring, mouth breathing, restless sleep, enuresis, 
and daytime sleepiness do not improve. In patients with a suspicion of residual 
disease, PSG should be repeated [33, 34]. Other levels contributing to the obstruc-
tion should be re-evaluated. Regrowth of adenoids in children, the lingual tonsils, 
tongue base, soft palate and prolapsing epiglottis and supra-glottic structures are 
among the causes of unresolved OSAS after tonsillectomy. Awake endoscopy can 
help to re-evaluate the upper airway. Then, a dynamic assessment of the airway 
during sleep is recommended to tailor the surgical intervention accordingly. 
DISE and sleep cine-magnetic resonance imaging (MRI) are the most commonly 
used tools.

3.2 Lingual tonsillectomy

Large lingual tonsils can cause or contribute with other factors to cause OSAS. 
Lingual tonsillectomy can be performed as the primary surgery or for persistent 
OSAS after adenotonsillectomy in children. Different surgical techniques have been 
used, such as LASER, radiofrequency ablation, microdebrider, and suction electro-
cautery [35]. Many surgeons do not perform this procedure in combination with 
adenotonsillectomy because the desire to avoid creating a large, circular raw area 
that may subsequently cause oropharyngeal stenosis [36].

3.3 Uvulopalatoplasty, UPPP

Uvuloplatoplasty (UPPP), either with or without tonsillectomy, is one of the 
most frequently performed sleep surgeries. It was first described by Fujita et al. 
in 1979 [37–39]. The procedure is performed by cutting the edge of the soft palate 
and uvula with or without tonsillectomy [40, 41]. The main aim of this procedure 
is to decrease retropalatal obstruction and prevent pharyngeal collapse. The best 
candidate for this surgery is a patient with obstruction at the velum level. One 
meta-analysis from two randomized controlled trials (RCTs) found that UPPP was 
significantly more effective at reducing AHI than no treatment [39]. However, the 
results of long-term follow-up vary between studies [42–44]. The result tends to be 
better in a patient with a lower body mass index BMI [45–47]. A multiple staging 
system was established by Friedman et al. [48] based on the palate position, tonsil 
size and BMI, and the success rate in patients with Friedman stage 1 was 80.6%, 
but it decreased in patients with higher stages. In patients with stages 2, 3, and 4, 
the success rates were 37.9% and 8.1%, respectively [48]. One recent meta-analysis 
compared short-term to long-term outcomes and found that UPPP is an effective 
intervention, but the efficacy decreases over time [49].

3.4 Expansion pharyngoplasty

Lateral pharyngeal wall collapse is one of the most challenging issues for sur-
geons to address. In 2007, Pang and Woodson described expansion pharyngoplasty 
(EPP). The surgery starts with bilateral tonsillectomy, followed by antero-supero-
lateral rotation of the superiorly based palatopharyngeus muscle to be attached to 
arching fibers of the soft palate [50]. Since then, many modifications have been 
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proposed [51–53]. Many noncomparative studies reported its success in treating 
OSAS [54, 55]. One systematic review with a meta-analysis showed a significantly 
better EPP result than other traditional surgeries [56]. In 2009, Li et al. [57] 
described the relocation pharyngoplasty technique in 10 patients. This technique 
enables advancement of the soft palate and splinting of the lateral pharyngeal 
wall [57]. In 2012, Mantovani et al. [58] described the velo-uvulo-pharyngeal lift 
technique to lift, shorten, and advance the soft palate. The soft palate is lifted by 
threads anchored to fibro-osseous structure at the level of the posterior nasal spine 
and bilateral pterygoid hamuli [58].

4. Conclusions

Obstructive sleep apnea syndrome is a complex condition with many sequelae. 
Patient signs and symptoms must be combined with sleep studies to diagnose this 
condition. Nonsurgical treatments, such as weight reduction, oral application and 
CPAP, are the first treatments of choice in adults. Surgery such as adenotonsil-
lectomy is the treatment of choice for clearly enlarged adenoids and tonsils in 
children. DISE is a very useful tool for directing surgical intervention to the most 
obstructed level. Many surgical interventions have been studied and used to address 
 obstructions with good results.
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Abstract

Background: The aim of the study was to determine the prevalence of dysphagia 
in patients with chronic cough and its relationship with the long-term persistence of 
these symptoms. Methods: Thirty consecutive patients. All patients underwent physical 
examination, ENT assessment, videolaryngoscopy, functional phoniatric assessment 
at rest and speech, Water-Swallow Test, and Fiberoptic Endoscopic Evaluation of 
Swallowing disorders with Reflux Finding Score. Reflux Symptom Index questionnaire 
was performed. The study was approved by the local Ethics Committee Review Board 
(KB/39/A/2016). Results: The results of the RFS and the RSI questionnaire showed 
the risk of reflux in participating patients. The patients presented episodes of spillage, 
double swallows, penetration, aspiration and residue of food at the hypopharynx. The 
results of functional assessment correlated with the Water-Swallow Test. The correlation 
between Fiberoptic Endoscopic Evaluation of Swallowing disorders and Water-Swallow 
Test results was found for aspiration risk, spillage, and retention of saliva. Conclusion: 
The results of the study showed prevalence of dysphagia in most patients with chronic 
chough. It seems that phoniatric assessment in those cases should be expanded and  
the following tests should be performed: assessment of the laryngeal elevation,  
Water-Swallow Test, and Fiberoptic Endoscopic Evaluation of Swallowing disorders.

Keywords: dysphagia, chronic cough, phoniatric, water swallowing test, aspiration

1. Introduction

Chronic cough is commonly reported symptoms in clinical practice. However, 
there is no globally accepted definition. Chronic, disruptive, lasting more than eight 
weeks cough is a difficult diagnostic and therapeutic problem [1]. The other used 
in researches definition of chronic cough is a cough lasting ≥3 months [2] or “daily 
coughing for at least 3 months duration during preceding 2 years [3]. Recently, 
replacing term chronic term by cough hypersensitivity syndrome has been proposed 
to highlight different phenotypes of this condition [4]. We can distinguish also 
idiopathic chronic cough and refractory chronic cough [5].

In approximation, it can affect 10–40% of general population [1, 3, 6].
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The prevalence depend on sex, age and comorbidities. Recent observational 
study indicated that females, older adults, patients suffering from gastro-esoph-
ageal reflux disease, asthma, chronic obstructive pulmonary disease are at risk of 
chronic cough [3, 7]. Among additional risk factors are smoking [7] and drugs  
(e.g. angiotensin -converting enzyme inhibitors) [8].

People suffering from it require a multidisciplinary diagnostic panel like aller-
gology tests, gastrological, pulmonary, otolaryngology and phoniatric counseling 
[1]. Despite enhanced diagnostics - the final diagnosis is difficult to be established, 
and the introduction of effective therapy sometimes impossible, which significantly 
reduces the quality of life in those patients [1, 9–11]. In practice, diagnosis of 
chronic cough raises difficulties cause cough can be symptom of disease from the 
one side, but from the other also consequence. Therefore carefully taken history 
provides information about potential causes. Clinical interview should aimed on 
exclusion malignancy, ongoing infection, body inhalation or using angiotensin 
converting enzyme inhibitors (ACE). Further question should focused on chronic 
pulmonary diseases, GERD, allergy [12]. The medical history should be deepen 
by different advanced methods like: chest CT or radiography, CT of sinusitis, 
spirometry, airway hypersensitivity test, allergic test, bronchoscopy, endoscopic 
examination of nose and paranasal sinuses, videolaryngostroboscopy, FEES, FVS, 
pH-metry, high resolution manometry, gastroscopy and functional assessment [5, 
8]. Until recently, mainly pharmacological treatment was delivered. Results were 
promising although not free from side effects. The most often proposed pharmaco-
logical therapies include: proton pomp inhibitors and prokinetics agents, histamine 
H1 antagonists, inhaled corticosteroids and nasal steroids. In case of lack of thera-
peutic effect gabapentin, pregabalin are recommended. Other drugs like morphine, 
tramadol, codeine and dextromethorphan, amitriptyline are still controversial [12, 
13]. Chronic cough treatment is still not well recognized, so the new pharmacologi-
cal substance like Gefapixant are under investigation [14]. Recently physiotherapist 
and speech language therapist proposed several non-pharmacological treatment 
concentrated on breathing exercises and counseling. Following non-pharmacolog-
ical components were indicated: education, psycho-educational counseling, vocal/
laryngeal hygiene and hydration, cough control/suppression techniques [5].

Despite cough is a natural defense mechanism of the airway, a little is known about 
chronic cough long term implications. Our clinical experience shows that the from the 
one side increased neck muscle tension leads to lowering the elevation of the larynx 
and impedes swallowing thus favoring retention of food, and food penetration or aspi-
ration into the respiratory tract. But from the other side, delay opening upper esopha-
geal sphincter. This in turn may result in further worsening of the symptoms causing 
persistent cough. The association of GERD and swallowing problems implicate the risk 
of microaspiration into the lungs what can trigger persistent cough. The little is known 
about prevalence of microaspiration as a consequence of chronic reflux disease [8].

To our best knowledge, there are no published studies referring to dysphagia 
in patients with chronic cough. Clinical experience shows that the increased neck 
muscle tension leads to lowering the elevation of the larynx and impedes swallow-
ing thus favoring retention of food, and food penetration or aspiration into the 
respiratory tract. This in turn may result in further worsening of the symptoms 
causing persistent cough.

2. Aim of study

The aim of the study was to determine the prevalence of dysphagia in patients with 
chronic cough and its relationship with the long-term persistence of these symptoms.
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3. Materials and methods

3.1 Inclusion and exclusion criteria

Thirty consecutive patients were enrolled in this study. All of them underwent 
phoniatric counseling due to chronic cough. Inclusion criteria were as follow: cough 
lasting more than 8 weeks, the lack of response to standard antiallergic, antireflux 
and antiasthmatic therapy. The patients with previously diagnosed dysphagia, with 
stroke or trauma to the head and neck were excluded from the study. Medications 
that may cause dysphagia were also a part of the exclusion criteria.

3.2 Methods

All patients underwent physical examination, Ear, Nose and Throat (ENT) 
assessment with a detailed evaluation of the cranial nerves, in particular V, VII, 
IX, X, and XII cranial nerve, and Fiberoptic Endoscopic Evaluation of Swallowing 
disorders (FEES). Pulmonary counseling and allergy tests were also performed in 
each participating patient.

All patients completed a Reflux Symptom Index questionnaire (RSI). RSI 
consists of nine questions regarding extraesophageal symptoms of gastroesophageal 
reflux disease, assessed on a scale of 0–5. A score of over 13 points is interpreted as 
abnormal and indicates the need for further investigation e.g. gastroscopy, esopha-
geal impedance test [15].

Phoniatric assessment included careful visual inspection of the oral cavity, 
pharynx and the larynx, videolaryngoscopic evaluation (VLS) and functional 
assessment of the larynx. The changes noticed in the larynx were assessed using 
the Reflux Finding Score (RFS) that rates objectively the laryngeal reflux changes. 
The scale ranges from 0 to 22 points where the result of 7 and more points indicates 
laryngopharyngeal reflux [16].

On physical examination, particular attention was drawn to: pharyngeal 
reflexes, strength, range and coordination of the oral cavity and pharyngeal 
muscles, and elevation of the larynx during swallows.

In the functional assessment the following was evaluated:

• posture - normal, increased or decreased lumbar and cervical lordosis

• breathing pattern - upper chest, chest-abdominal, and abdominal breathing

• tension of the sternocleidomastoid muscle (SCM), pharyngeal walls and sub-
mandibular area muscles - on a scale of 0-II○ where 0○ means normal tension, 
I○ means medium increased, II○ means significant tension

• thyrohyoid and the cricothyroid space - normal or reduced.

For the screening assessment of dysphagia the water-swallow test (WST) was 
used in following steps (liquid volume): 5, 10, 20, and 90 ml of non-carbonated 
water. After each step the presence of indirect signs of penetration/aspiration of 
the liquid into the larynx, i.e. coughing, change in voice quality, throat clearing, 
portioning or test termination [17].

Fiberoptic Endoscopic Examination of Swallowing (FEES) was used for a static 
and dynamic evaluation of the upper airways and upper digestive tract structures 
with the anatomy and physiology of the pharynx and larynx during swallows. FEES 
also gives opportunity to evaluate pharyngeal walls movements during phonation 
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(squezee maneuver) and swallowing of different food consistency. Food consistency 
was gradually changed from liquid (non-carbonated water), puree (water thickened 
to the consistency of pudding), and solid food (rucks). In FEES the efficiency of 
swallowing and penetration/aspiration were assessed using Penetration-Aspiration 
Scale (PAS). According to Rosenbeck’s criteria the scale ranges from 1 to 8, where 
1 means no problem, 2–5 means different degree of penetration with or without 
cough, 6–8 means different degree of aspiration with or without the cough [18–21].

3.3 Ethical statements

The study was approved by the local Ethics Committee Review Board 
(KB/39/A/2016). All subjects gave their written informed consent to participation 
in the study.

3.4 Statistical analysis

Statistical analysis was performed using Statistica software (StatSoft, Inc., data 
analysis software system, version 10). The data were tested for normality, paramet-
ric and nonparametric criteria. To analyze the data, the Pearson test was used, and 
p < .05 was considered statistically significant.

4. Results

4.1 Patients characteristics

The study group included 25 women and 5 men, mean age 55.83 years (SD 15.17), 
reporting cough for the last 2 to 360 months (mean 48 months +/− 100.61) (Table 1).

The results of the RFS and the RSI questionnaire showed the risk of reflux in 
participating patients, RFS = 18.96 (SD 7.02) and RSI = 10.82 (SD 2.73) (Table 1). 
A statistically significant correlation was found between the age of patients and the 
result of RFS (p = .03).

4.2 Clinical assessment of dysphagia

The functional assessment at rest revealed increased submandibular and the 
pharyngeal walls tension in 19 patients, and SCM increased tension on the right 

Analyzed parameter Mean (+/− SD)

Females:Males 25:5

Age [years] 55,83 (+/− 15,17)

Body weight [kg] 73,86 (+/− 14,62)

Height [m] 164,50 (+/− 8,89)

Body mass index (BMI) [kg/m2] 26,90 (+/− 5,05)

Duration of cough [months] 48,00 (+/− 100,61)

RSI [points] 18,96 (+/− 7,02)

RFS [pints] 10,82 (+/− 2,73)

RSI (Reflux Symptom Index); RFS (Reflux Finding Score).

Table 1. 
Characteristics of the study group.
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and left side in 23 and 24 patients, respectively. The reduced thyrohyoid and 
cricothyroid space was observed in 14 and 16 patients, respectively. The upper chest 
breathing pattern was observed in 19 subjects. In most of the patients, the increased 
cervical lordosis (22 patients) and decreased lumbar lordosis (23 patients) was 
observed. Disorders observed at speech were comparable or more intense to those 
found at rest (Table 2).

On physical examination the following was found: normal pharyngeal reflexes in 
23 patients, normal soft palate activity during swallows in 29 patients, and impaired 
elevation of the larynx in 10 (Figure 1).

In case of water swallowing test (WST) results, the negative (no risk of aspira-
tion) result was found in 28 patients (93.33%) for 5 ml amount of liquid, in 24 
(80.00%) for 10 ml, in 21 (70.00%) for 20 ml, and in 15 (50.00%) for 90 ml 
(Figure 2). The remaining patients demonstrated positive WST result, which is 
associated with the risk of aspiration and requires verification by the objective 
diagnostic methods like FEES and/or videofluoroscopy [17].

Analyzed parameter at rest number of 
patients (%)

at speech number of 
patients (%)

Submandibular tension normal tension 10 (33.33%) 1 (3.33%)

increased I0 17 (56.67%) 12 (40.00%)

increased II0 2 (6.67%) 16 (53.33%)

Pharyngeal walls tension normal tension 10 (33.33%) 5 (16.67%)

increased I0 17 (56.67%) 9 (30.00%)

increased II0 2 (6.67%) 15 (50.00%)

SCM tension right side normal tension 6 (20.00%) 4 (13.33%)

increased I0 19 (63.33%) 9 (30.00%)

increased II0 4 (13.33%) 16 (53.33%)

SCM tension left side normal tension 5 (6.67%) 2 (6.67%)

increased I0 13 (43.33%) 10 (33.33%)

increased II0 11 (36.67%) 17 (56.67%)

Thyrohyoid space normal 15 (46.66%) 10 (33.33%)

reduced 14 (46.67%) 19 (63.33%)

Cricothyroid distance normal 13 (43.33%) 7 (23.33%)

reduced 16 (53.33%) 22 (73.33%)

Breathing pattern upper chest 10 (33.33%) 9 (30.00%)

chest-abdominal 19 (63.33%) 20 (66.67%)

Cervical lordosis decreased 3 (10.00%) 3 (10.00%)

normal 4 (13.33%) 4 (13.33%)

increased 22 (73.33%) 22 (73.33%)

Lumbar lordosis decreased 23 (76.67%) 23 (76.67%)

normal 4 (13.33%) 4 (13.33%)

increased 2 (6.67%) 2 (6.67%)

SCM (Sternocleidomastoid muscle).

Table 2. 
The results of functional examination.
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4.3 Statistical correlations

Statistically significant correlation between some of the results of functional 
assessment at rest and speech and the WST results were found.

In case of the functional assessment at rest, a positive 5 ml WST result was found 
only in patients with increased submandibular and pharyngeal walls muscle tension 
(both p = .03), and for 10 ml WST in patients with increased SCM tension on the 
left side (p = .03) and for 10 and 20 ml WST in subjects with upper chest breathing 
pattern (p = .04 and p = .01, respectively).

In case of functional assessment at speech, the upper chest breathing pattern 
correlated with abnormal WST results. All patients with upper chest breathing 
pattern demonstrated positive WST result for 10 and 20 ml liquid test (p = .06 and 
p = .01, respectively).

Figure 1. 
Physical examination results.

Figure 2. 
Water-swallow test (WST) results. Positive result means risk of aspiration, negative result means no risk of 
aspiration.
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On physical examination the following was found: normal pharyngeal reflexes in 
23 patients, normal soft palate activity during swallows in 29 patients, and impaired 
elevation of the larynx in 10 (Figure 1). However, only the impaired elevation of 
the larynx was correlated with the abnormal 5 ml WST results (p = .03).

In case of WST results, the negative (no risk of aspiration) result was found in 28 
patients (93.33%) for 5 ml amount of liquid, in 24 (80.00%) for 10 ml, in 21 (70.00%) 
for 20 ml, and in 15 (50.00%) for 90 ml (Figure 2). The remaining patients demon-
strated positive WST result, which is associated with the risk of aspiration and requires 
verification by the objective diagnostic methods like FEES and/or videofluoroscopy

4.4 Other results

In FEES examination, in 5 patients (16.67%) small palato-pharyngeal insuffi-
ciency was found, and in almost all patients (29 subjects, 96.67%) enlarged lingual 
tonsil and laryngopharyngeal reflux symptoms. Laryngeal closure and squeeze 
maneuver (pharyngeal wall motions during phonation) were normal in most of the 
patients: vocal folds closure during cough (30 subjects, 100%), Valsalva maneuver 
(26 subjects, 86.67%), squeeze maneuver (28 subjects, 93.33%). Two patients 
(6,67%) did not show any of the spontaneous swallows. Retention of saliva at the 
level of the hypopharynx and larynx was found in 27 patients (90.00%).

The FEES evaluation of different food consistencies revealed (Figures 3–6):

• residue (bolus left in the pharynx after swallow) in 5 patients (16.67%) for 
liquid, 9 (30.00%) for puree, and in 7 (27.33%) for solid food

• spillage (bolus falls over the base of the tongue before the swallow begins) in 1 
patient (3.33%) for liquid, and in 14 subjects (46.67%) for puree

• multiswallows in 7 patients (23.33%) for liquid, 2 (6.67%) for puree, and in 8 
(26.67%) for solid food

Figure 3. 
Fiberoptic endoscopic examination of swallowing (FEES) - anatomy and physiology of the pharynx and larynx.
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• penetration (bolus enters the laryngeal vestibule, but does not cross the vocal 
folds) in 3 patients (10.00%) for liquid, 2 (6.67%) for puree, and in 1 (3.33%) 
for solid food

• aspiration (bolus passes below the vocal folds) of liquid in 1 patient (3,33%)

• in PAS scale, 5 patients (16.67%) reached second or third level, which means 
that bolus entered the laryngeal vestibule but remain above the vocal folds, 
with or without expectoration

• eight patients experienced episodes of upper esophageal sphincter opening

• in 13 subjects (20.00%) no swallowing disorders were found.

Also between the FEES and WST some associations were found. The 5 ml WST 
result was found to be positive only in patients with retention of thick mucus in 

Figure 5. 
Fiberoptic endoscopic examination of swallowing (FEES) - liquid penetration (blue arrow), residue in the 
piriform sinuses (green arrows).

Figure 4. 
Fiberoptic endoscopic examination of swallowing (FEES) - swallowing of different food consistency.



203

Assessment of Dysphagia as a Risk Factor of Chronic Cough
DOI: http://dx.doi.org/10.5772/intechopen.97038

nasopharynx (p = .015). Half of the patients with 10 ml positive WST result pre-
sented risk of aspiration (p = .014), and only in 1 patient out of 18 with no FEES 
abnormal findings the 10 ml WST result was positive (p = .02). All patients with 
weakened squeeze maneuver presented positive 20 ml WST result (p = .025). For 
90 ml WST no statistically significant results were found.

5. Discussion

According to various recommendations the diagnostic process of chronic cough 
usually begins with the exclusion of the pulmonary ailments (asthma, eosinophilic 
bronchitis, lung cancer, Chronic Obstructive Pulmonary Disease (COPD), inflam-
matory lung diseases, etc.), iatrogenic causes (drug-induced cough), and next gas-
trointestinal (gastroesophageal reflux), and laryngological or phoniatric problems 
[9–11, 22, 23]. There is also as a new disease called Chronic Cough Hypersensitivity 
Syndrome (CCHS), characterized by cough attacks lasting more than 8 weeks, 
aggravated upon exposure to specific factors i.e. cold fluids, poorly responsive to 
treatment, and with no links to the general health status of the patient [22]. In their 
study, Sandhu et al. [23] mentioned about the possible relation between chronic 
cough and dysphagia, in particular between presbyphagia and increased stiffness 
of the pharyngeal walls. Langmore et al. [18] described endoscopic examination of 
swallowing disorders in 1988, however, it was not until now routinely used to assess 
dysphagia as the cause of chronic cough.

The results of our study revealed dysphagia in little more than a half of the 
patients with chronic cough (56.67%). The patients presented episodes of spillage, 
double swallows, penetration, aspiration and residue of food at the hypopharynx, 
which are an indirect evidence of oral stage of swallowing disturbances, and direct 
evidence of pharyngeal phase of swallowing problems. The results of functional 
assessment correlated with the WST results, which seems logical – the external 
laryngeal muscles take part in the laryngeal elevation and their increased tension 

Figure 6. 
Fiberoptic endoscopic examination of swallowing (FEES): Spillage (green arrows), residue in the piriform 
sinuses (blue arrow).
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makes it difficult for the upper pharyngeal sphincter to open thus promoting 
retention (residue) at the level of the hypopharynx. Decrease in the elevation of the 
larynx was correlated with the 5 ml WST results.

The correlation between FEES and WST results was found for aspiration risk, 
spillage, and retention of saliva. It is known that pharyngeal retention of saliva is 
associated with impaired sensation in the critical region of the hypopharynx and 
larynx. The retention is slightly higher in patients with laryngopharyngeal reflux, 
which was found in all patients in the study group. It may be associated with an 
increased risk of serious swallowing disorders such as penetration or aspiration. In 
case of reduced sensation in the pharynx a chance of liquid or food penetration/
aspiration to upper airways increases, especially when it resides in the hypopharynx 
and leads to multiswallows. However, more studies in larger group of patients 
should be conducted.

In their retrospective study, Drozd et al. [24] investigated the group of 15 
patients with upper airways problems and found chronic cough in 40% of them. 
They used videofluoroscopy to assess dysphagia and showed correlation between 
degree of dysphagia and penetration, aspiration (the more severe dysphagia the 
higher score in PAS scale), and multiswallows. The authors believe that the dyspha-
gia in this group of patients may be caused by incoordination between breathing 
and swallowing. In our study, the lower elevation of the larynx and increased 
muscle tension in the neck may confirm this hypothesis. Most authors involved in 
the problem of chronic chough highlights the difficulty not only with its diagnos-
tics, but also with treatment [9, 11, 25–28]. There are a few reports in the literature 
about decrease of symptoms after speech therapy [4, 25]. It seems that the severity 
of dysphagia should be decreased after a treatment, which relaxes the external 
muscles of the larynx, however, it requires further study.

Taking into consideration that chronic cough can be harmful for larynx, the 
functions of the larynx will be more disturbed. The vocal folds oedema, hemor-
rhage, granuloma or other organic lesions can have an impact on vocal folds 
contraction (decreased defense reflex) [29]. Shorter maximal phonation time 
associated with dysphonia and chronic cough have an impact on swallowing and 
breathing function discoordination [30]. In that case non-pharmacological therapy 
can be applied, mainly forced/dry swallow, sipping water, chewing gum, sucking 
non-medical sweets, abdominal breathing pattern technique, cough control breath-
ing technique exercise and physiotherapy which reduce upper body shoulder and 
neck tension, nasal breathing. Avoiding of irritants is also recommended. In case 
of risk of aspiration Mendelshon maneuver, suprahyoid muscle exercise (Shaker 
technique) [31] and lax vox technique is recommended [32].

The small group of patients and the lack of control group are the weak points of 
our study. However, to our best knowledge, this is the first study to assess the prob-
lem of dysphagia as a risk factor of chronic cough and we have been still working 
and collecting more data from patients and controls to analyze the results in much 
bigger group.

6. Conclusions

The results of the study showed prevalence of dysphagia in most patients 
with chronic cough. It seems that phoniatric assessment in those cases should be 
expanded and the following tests should be performed: assessment of the laryngeal 
elevation, WST, and FEES. It seems important to also investigate how rehabilitation 
techniques used by phoniatric specialists and speech therapists improve functional 
outcome and quality of life in patients with chronic cough.
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Chapter 14

Juvenile Nasopharyngeal
Angiofibroma
Anukaran Mahajan and Karunesh Gupta

Abstract

Juvenile Nasopharyngeal Angiofibroma (JNA) remains one of the most enig-
matic tumors encountered by laryngotologists-head neck surgeons. Its origin at a
particular age in a particular sex has intrigued many. Histopathologically benign,
JNAs are locally aggressive tumors with tendency to cause massive recurrent nasal
bleeds. While surgery remains the gold standard treatment, a paradigm shift from
open approaches to endoscopic approach is noted. Recent advances in genomic
testing, radiodiagnosis and endoscopic nasal surgeries allow us to manage these
tumors more efficiently. Introduction of intensity modulated radiotherapy (IMRT),
stereotactic surgery, and interventional radiology (embolisation) has further helped
in this cause. This chapter aims to give a brief overview of all these aspects related to
JNA with the hope to initiate more ENT surgeons to contribute to further research
on this benign but dangerous tumor.

Keywords: juvenile nasal angiofibroma, JNA, vascular tumor, epistaxis,
pterygopalatine fossa, frog face deformity, pathways of spread of angiofibroma,
staging of JNA, immunohistochemistry of JNA, open surgery for angiofibroma,
endoscopic resection, treatment of angiofibroma, embolisation, CT angiography

1. Introduction

Juvenile nasopharyngeal angiofibroma (JNA) is a benign, non-encapsulated,
highly vascular tumor, occurring almost exclusively in adolescent males. Although
JNAs comprise of less than 0.05% of all head and neck tumors, their tendency to
bleed torrentially makes them an interesting disease entity to study and treat [1].

Development of other medical fields has been instrumental in studying the
origin, growth and other characteristics of this disease entity. Advancements in
radiology, histopathology and endoscopic nasal surgeries have been particularly
useful. We can now better diagnoses, stage and treat JNA than the previous decade.

2. History of juvenile nasopharyngeal angiofibroma

Earliest known documentation of juvenile nasopharyngeal angiofibroma is
credited to Hippocrates in the 4th century BC [2]. The term “juvenile nasopharyn-
geal angiofibroma” was coined by Chaveau in 1906 and his works re-sparked the
interest in JNA [3]. Shaheen et al. [4] reported the first female case of JNA (1930).
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Harma et al. in 1959 gave a detailed clinico-pathological insight into this tumor
[5]. Works of Bensch, Ewing, Som, Neffson, Moore, Handousa, Denker etc. have
been vital in understanding the natural history of disease and its surgical
management [6–9].

3. Relevant anatomy

3.1 Nasopharynx

Nasopharynx is a near-cuboidal shaped space with an approximate volume of
30cm3. It is located exactly below the middle cranial fossa.

Boundaries of Nasopharynx:

• Anterior: Choanae and posterior margin of nasal septum. Further anteriorly lie
the right and left nasal cavities.

• Posterior: Fascia, prevertebral muscles, basiocciput and first two cervical
vertebrae.

• Superior: Superior wall is continuous with the posterior wall. It is formed by
basisphenoid and basiocciput.

• Inferior: Opens into oropharynx. When the soft palate is elevated, it makes
contact with the Passavant’s ridge (palatopharyngeus muscle fibers); and
together these from the inferior boundary of nasopharynx.

• Lateral: Eustachian tube openings along with the torus tuboris is the
prominent structure.

Posterior to the torus tuboris, lies a deep recess called lateral pharyngeal recess
or fossa of rosenmuller. Foramen lacerum lies immediately superior to the fossa of
rosenmuller. Foramen spinosum and ovale are present laterally. Petrous apex and
carotid canal form its posterior relation (Figure 1).

Figure 1.
Endoscopic anatomy of nasopharynx as seen through right nasal cavity (E.T.- Eustachian Tube).
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3.2 Pterygopalatine fossa

Pterygopalatine fossa is a bilateral wedge-shaped space located below the orbital
apex and behind the posterior wall of maxillary sinus. It communicates with other
regions of skull through various canals and foramina.

Boundaries of Pterygopalatine Fossa:

• Anterior: Superomedial part of posterior wall of maxillary sinus.

• Posterior:Root of pterygoid process and anterior face of greaterwing of sphenoid.

• Medial: Upper part of perpendicular plate of palatine bone with its sphenoidal
and orbital process; sphenopalatine foramen leading to nasopharynx.

• Lateral: pterygomaxillary fissure leading to infratemporal fossa.

• Superior: Undersurface of body of sphenoid.

• Inferior: Pyramidal process of palatine bone with greater palatine canal.

Communications of Pterygopalatine Fossa:

• Via sphenopalatine foramen to nasopharynx

• Via pterygomaxillary fissure to infratemporal fossa

• Via inferior orbital fissure to orbit

• Via greater palatine canal to oral cavity

• Via foramen rotundum to middle cranial fossa

• Via vidian (pterygoid) canal to foramen lacerum to middle cranial fossa

• Via palatovaginal canal to pharynx

Contents of Pterygopalatine Fossa:

• Pterygopalatine ganglion with its branches

• Maxillary nerve (V2) and its branches

• Vidian Nerve (carrying secretomotor fibers of facial nerve from superior
salivatory nucleus and sympathetic fibers from internal carotid artery via deep
petrosal nerve)

• Third part of maxillary artery

4. Etiopathogenesis

Juvenile Nasopharyngeal Angiofibroma occurs almost exclusively in males and
that too in adolescent period. Mean age of presentation is 14 years (range 7 years to
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19 years) [10]. Isolated cases of JNAs in females or in younger/ older ages have been
reported in literature [4, 11]. Exact etiology, although unknown, evidences point
towards a hormonal influence on its occurrence and growth.

4.1 Theories of origin

1.Ringertz Theory (1938): JNA arises from the periosteum of the skull
base [12].

2.Som- Neffson Theory (1940): If bones forming the skull base grow in a
disproportionate manner, it results in the hypertrophy of underlying
periosteum. Additional stimulation by hormones can result in formation of a
tumor in nasopharynx [6].

3.Bensch- Ewing Theory (1941): Between the basi sphenoid and basi occiput,
exists an embryonic fibrocartilage. This embryonic fibrocartilage proliferates
to form a tumor [7].

4.Brunner’s Theory (1942): JNA arises from conjoined buccopharyngeal and
pharyngobasilar fascia [13].

5.Martin’s Theory (1948): Imbalance between estrogens and
androgens during adolescence causes JNA. Increased estrogen stimulation
and/ or decreased androgen stimulation is suggested as the probable
cause [14].

6.Sternberg’s Theory (1954): JNAs are nothing but hemangiomas of nasal
cavity and skull base [15].

7.Handousa’s Theory (1954): JNA is a true neoplasm arising from periosteum
of basi sphenoid [9].

8.Osborn’s Theory (1959): Two theories were given by him. JNA is a fetal
erectile tissue which proliferates under hormonal influence (Pseudo-tumor
theory). Or, JNA is a true hamartoma (True tumor theory) [16].

9.Girgis- Fahmy’s Theory (1973): Histopathological resemblance between
JNA and paragangliomas was noted by Girgis and Fahmy. The growing edge
of JNA showed cell nests of undifferentiated epitheloid cells. They called this
pattern “Zellballen” (German- ball of cells). JNAs belong to the same disease
entity as paragangliomas [17].

10.Hamartoma and Vascular Malformation Theory: This is the most accepted
theory at present. Although, the dilemma still exists between JNA being a
hamartoma or a vascular malformation, influence of sex-hormones is an
accepted notion. While some consider JNAs to be true neoplasms, other
studies reveal these to be only vascular malformations [18–20].

11.Branchial Arch Artery Theory (Bernhard Schick, 2004): Incomplete
regression of first branchial arch artery has been proposed. First branchial
arch artery regresses near pterygoid base and sphenopalatine foramen, and is
finally incorporated into sphenopalatine and maxillary artery. This explains
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the anatomical location of the tumor at pterygoid base/ sphenopalatine
foramen as well as its supply by maxillary artery. This also explains the need
to drill pterygoid base to remove tumor remnants in this site of origin so as to
avoid tumor recurrence. As first branchial arch artery is connected to C4-
segment of internal carotid artery (ICA), its incomplete regression also
explains how JNAs acquire blood supply from ICA despite no anatomical
proximity [21].

4.2 Site of origin

Juvenile nasopharyngeal angiofibroma can arise from any one of the following
sites:

1.SPHENOPALATINE FORAMEN: Upper margin of the sphenopalatine is
considered as the most common site of origin of JNA. Sphenopalatine foramen
is the point of trifurcation of 3 bones: palatine (perpendicular plate, orbital
process and sphenoidal process), vomer (horizontal ala) and sphenoid
(specifically root of pterygoid process).

2.VIDIAN CANAL: Vidian canal/ pterygoid canal arises from the anterior wall
of foramen lacerum and opens into the posterior wall of pterygopalatine fossa.
Literature states this as potential site of origin in cases with laterally extended
JNAs having little/ no involvement of sphenopalatine foramen/ nasopharynx.

3.PTERYGOID WEDGE: Pterygoid wedge is found to be the most common site
of recurrence [22]. Drilling of pterygoid wedge during primary surgery
significantly reduces the risk of recurrence. First branchial arch artery theory
for origin of JNA supports the same. Recent studies have been conclusively
able to prove the same.

4.3 Factors for etiopathogenesis

Scientists are still looking out for exact etiological factors and how these affect
the growth of the tumor. Following factors should be considered:

1.Hormones: Occurrence of tumor in males during adolescence phase
strongly indicates hormonal influence on tumor growth initiation. An
imbalance between testosterone, estrogen and progesterone has been
theorized as an etiological factor. This allows the use of flutamide therapy as an
adjuvant therapy for its treatment. Flutamide has been found to be effective in
postpubertal patients as opposed to prepubertal patients [23].

2.Genetic alterations: gains and losses in the regions of 4q, 6q, 8q, 12, 17, 22q, X
and Y –chromosomes are present in patients of juvenile nasopharyngeal
angiofibroma [19, 24–26]. Over expression or under expression of p53 on
chromosome 17 has been implicated in tumor cells [27–30]. Her-2/neu
receptors (encoded by Her-2 gene on chromosome 17) have also a role in
JNA [29].

3.Molecular pathology: Cytokines such as transforming growth factor beta-1
(TGFβ-1) and Insulin-like growth factor-2 (IGF2) are involved in the growth
of this tumor. Vascular endothelial growth factor (VEGF) and platelet derived
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growth factor (PDGF) have been implicated as most important factors for
neoangiogenesis [28, 30]. AURKB, FGF18, and SUPT16H can act as potential
molecular markers in JNA [31].

5. Pathology

MACROSCOPIC: On gross examination, the tumor appears as a polypoidal,
non-encapsulated, red to gray colored mass with spongy appearance. Mean size
is 4 cm.

MICROSCOPIC: The tumor has a fibrous stroma with abundant blood
vessels. The blood vessels are of variable sizes without any organized layout.
Elastin fibers in the blood vessels are typically absent while the muscle layer maybe
absent, focal (pad-like) or circumferential. This accounts for profuse bleeding in
these tumors as these blood vessels are unable to contract to achieve effective
hemostasis.

The fibrous stroma has varying amounts of fine and coarse collagen fibers.
Plump spindle, angular, or stellate-shaped cells are also seen. Rarely, mast cells may
be present. The nuclei of stromal cells generally lack any characteristic features;
although, multinucleated pleomorphic cells are not uncommon.

The vascular and fibrous elements vary in proportion within the same tumor and
with the tumor age. While the fibrous component is more towards the centre of the
tumor, peripheral areas have abundance of vascular elements. Also, newer lesions
have predominantly vascular component while long standing tumors are enriched
with fibrous tissue.

Embolised specimens show myxoid changes with areas of infarction.
Embolic agent can be seen in the tumor vessels. Post flutamide therapy or
radiotherapy specimens show a significant increase in fibrous component
(Figure 2).

IMMUNOHISTOCHEMISTRY: Immunohistochemistry (IHC) tests act as
ancillary tests for juvenile nasopharyngeal angiofibroma. Various IHC tests are
described in the Table 1.

Figure 2.
Histopathological section of JNA as seen under a microscope. Multiple blood vessels of varying diameters are seen
in a fibrous stroma.
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6. Spread of JNA

JNA arises at the upper lip of sphenopalatine foramen. As it grows further, it
spreads along the path of least resistance to involve many vital structures.

6.1 Medial extension

From sphenopalatine foramen, it extends into the nasopharynx and grows
submucosally. It can occupy the entire nasopharynx to produce bilateral nasal
obstruction and nasal intonation of voice (rhinolalia clausa). Recurrent epistaxis
often starts at this stage only. The tumor mass may depress the soft palate or hang in
the oropharynx. Blockage of eustachian tube(s) results in conductive hearing loss
(otitis media with effusion).

6.2 Anterior extension

i. It enters the ipsilateral nasal cavity first to cause unilateral nasal obstruction
and epistaxis. Here it may acquire secondary attachments.

ii. As the tumor grows further within the ipsilateral nasal cavity, it pushes the
nasal septum towards the opposite side to produce contralateral nasal
obstruction as well.

iii. Further tumor growth allows it to involve ethmoidal sinuses. This results in
flattening of the nasal bridge and an increase in the intercanthal distance.

IMMUNOHISTOCHEMISTRY

TEST ANTIBODY TUMOR
COMPONENT

TUMOR CELLS STAINING
PATTERN

1.Vimentin Vascular & Fibrous All tumor cells Cytoplasmic

2.Androgen
receptor

Vascular & Fibrous All stromal cells and endothelial cells Nuclear

3.VEGF Vascular & Fibrous Stromal and vascular cells Cytoplasmic

4.PDGF Vascular & Fibrous Stromal and vascular cells (+/�) Cytoplasmic

5. IGF-2 Vascular & Fibrous Stromal and vascular cells (+/�) Cytoplasmic

6.TGF- β Vascular & Fibrous Stromal and vascular cells (+/�) Cytoplasmic

7. SMA (Smooth
Muscle Actin)

Vascular Smooth muscle cells in blood vessels Cytoplasmic

8.Desmin Vascular Cells in walls of larger blood vessels Cytoplasmic

9.FVIIIRAg Vascular Endothelial cells Cytoplasmic

10.CD31 Vascular Endothelial cells Cytoplasmic

11.CD34 Vascular Endothelial cells Cytoplasmic

12.ER Vascular Vascular cell nuclei (+/�) Nuclear

13.PR Vascular Vascular cell nuclei (+/�) Nuclear

14.CD117 (c-kit) Fibrous Stromal cells Cytoplasmic

15.β Catenin Fibrous Stromal cells Nuclear

Table 1.
Immunohistochemistry (IHC) tests for JNA.
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An associated proptosis gives a classical ‘frog- face deformity’ to the
patient.

iv. The tumor may encroach upon and erode anterior wall of sphenoid sinus. It
may further invade the sphenoid sinus.

6.3 Lateral extension

Lateral growth of the tumor results in the involvement of pterygopalatine fossa.
Pterygopalatine fossa is a small wedge-shaped cavity, which can be considered as a
cross-section/ junction point of many important ‘highways’.

i. As the mass lesion fills the pterygopalatine fossa, it causes anterior bowing
of the posterior wall of maxillary sinus (Antral Sign/ Holman- Miller
Sign).

ii. From pterygopalatine fossa, it can extend into the orbit via the inferior
orbital fissure. This produces proptosis. Further involvement of orbital
apex results in loss of vision. Involvement of extraocular muscles produces
diplopia.

iii. From pterygopalatine fossa, tumor grows laterally to invade infratemporal
fossa via the pterygomaxillary fissure. This causes facial swelling and
fullness in the cheek region. Erosion of the anterior face of greater wing of
sphenoid causes entry of tumor into the middle cranial fossa.

iv. From pterygopalatine fossa, it can grow along the vidian canal to reach
foramen lacerum. Foramen lacerum opens in the middle cranial fossa,
providing easy access to the tumor for intra cranial extension.

6.4 Posterior extension

i. The tumor can erode the pterygoid process posteriorly and spread
downwards into the pterygoid fossa. It can reach as far as the
parapharyngeal space.

ii. Tumor growth in the posterolateral part of nasopharynx can cause
extension into the fossa of rosenmuller. Further posterolateral growth into
the apex of this fossa results in intracranial extension by eroding the carotid
canal and petrous apex.

6.5 Inraorbital extension

The tumor can involve the orbit through the following routes-

i. Sphenopalatine foramen ➔ pterygopalatine fossa ➔ via inferior orbital
fissure ➔ enters orbit.

ii. Sphenopalatine foramen ➔ nasopharynx and nasal cavity ➔ erodes
lamina papyracea ➔ enters orbit.

6.6 Intracranial extension

The tumor can have intracranial extension through the following routes:
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i. Sphenopalatine foramen ➔ pterygopalatine fossa ➔ infratemporal fossa
➔ erosion of anterior face of greater wing of sphenoid AND/ OR through
foramen ovale causing its widening ➔ middle cranial fossa. The tumor lies
lateral to Internal Carotid Artery (ICA) and Cavernous Sinus (CS) in such
cases.

ii. Sphenopalatine foramen ➔ pterygopalatine fossa ➔ via inferior orbital
fissure ➔ orbit ➔ growth within orbit towards orbital apex and superior
orbital fissure ➔ middle cranial fossa. The tumor lies anterolateral to ICA
and lateral to CS.

iii. Sphenopalatine foramen ➔ nasopharynx and nasal cavity ➔ erosion of
floor and anterior wall of sphenoid sinus to invade sphenoid sinus ➔
erosion of roof of sphenoid sinus ➔ intracranial spread. The tumor lies
medial to ICA and lateral to pituitary gland.

iv. Sphenopalatine foramen ➔ pterygopalatine fossa ➔ pterygoid (vidian)
canal ➔ foramen lacerum ➔ middle cranial fossa. Encasement of ICA is
seen early.

v. Sphenopalatine foramen ➔ nasopharynx ➔ fossa of rosenmuller ➔
erodes carotid canal and petrous apex ➔ intracranial spread.

vi. Sphenopalatine foramen ➔ nasopharynx ➔ nasal cavity ➔ through
cribriform plate ➔ anterior cranial fossa (rare route for intracranial
extension).

7. Clinical features

7.1 Age/sex

The patient is almost invariably male in his second decade of life. Mean age of
presentation is 14 years (reference).

7.2 Symptoms

The patient may have one or more of the following symptoms

i. Nasal bleed: any adolescent male presenting with recurrent nasal bleeds
should always raise the suspicion of angiofibroma. Nasal bleeds are usually
massive and often require an intervention to control them.

ii. Nasal obstruction: initially unilateral. Later, bilateral nasal obstruction
develops owing to involvement of entire nasopharynx or pushing of nasal
septum to the other side

iii. Nasal discharge: mucopurulent nasal discharge due to pent up secretions in
the nasal cavity followed by secondary infection.

iv. Hyposmia/ Anosmia: mechanical obstruction due to tumor mass of olfactory
area can cause decreased sense of smell.
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v. Weakness and irritability: easy fatiguability and irritability due to frequent
nasal bleeds causing chronic anemia.

vi. Voice change: Voice takes a nasal intonation owing to the tumor mass in the
nasopharynx (rhinolalia clausa). Tumor mass depressing the soft palate
causes ‘plummy voice’.

vii. Facial swelling: ipsilateral cheek swelling results when JNA involves the
infratemporal fossa.

viii. Facial deformity: flattening of dorsum of nose with increased intercanthal
distance and proptosis results in ‘frog face deformity’.

ix. Headache: headache may result from chronic rhinosinusitis, or chronic
anemia, or intracranial extension of tumor.

x. Otological/ Aural symptoms: eustachian tube blockade in nasopharynx
results in serous otitis media causing conductive hearing loss and heaviness
in ears.

xi. Ocular symptoms: involvement of orbit causes proptosis, double vision, or
even loss of vision.

xii. Intracranial symptoms: headache, seizures, loss of consciousness owing to
intracranial spread of tumor.

7.3 Anterior rhinoscopy

Mucopurulent discharge in the involved side is seen. Tumor mass may also be
visualized. Septum is often deviated towards contralateral side.

7.4 Posterior rhinoscopy

Mass lesion is visualized in the nasopharynx.

7.5 Diagnostic nasal endoscopy

Examination with a Hopkin’s rigid rod lens 0o endoscope reveals a fleshy mass
lesion. It is usually covered in mucopurulent secretions which require gentle
suctioning. Probing is avoided as it can complicate into profuse nasal bleed.

8. Investigations

8.1 Biopsy

Though for any nasal mass, golden rule is that biopsy is preceded by
radiological imaging to ascertain origin, extent, and nature of the disease; in
vascular tumors such as JNAs, biopsy is contraindicated. Risk of bleeding during
and/ or after the procedure outweighs any added advantage we may get out of
preoperative biopsy.
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8.2 X-ray PNS

Water’s view (Occipitomental view)/ Peer’s view (Occipitomental view with
open mouth) shows haziness of the involved sinus. Lateral view shows anterior
bowing of posterior wall of maxillary antrum (Holman Miller sign).

8.3 CT NOSE–PNS

Contrast enhanced computed tomographic imaging is the investigation of choice
for JNA. Infact, the diagnosis of JNA is confirmed by presence of a mass in nasophar-
ynx and pterygopalatine fossa that enhances after contrast administration on CECT.
CECT is a non-invasive procedure that forms the basis for JNA diagnosis and staging.

Lloyd’s criteria for diagnosis of JNA on CECT [32]:

i. mass lesion in the nasopharynx/ nasal cavity and pterygopalatine fossa

ii. erosion of posterior bony margin of sphenopalatine foramen with extension
to the upper medial pterygoid plate.

Holman Miller sign/ Antral sign: anterior bowing of the posterior wall of maxillary
antrum. This is due to the tumor mass completely filling the pterygopalatine fossa.

Hondousa Sign: widening of the gap between the maxillary body and ramus of
mandible. This occurs when the tumor mass involves infratemporal fossa.

Ram Haran Sign: In JNA patients, coronal cuts of CT Nose- PNS show widening
of the pterygoid wedge. It appears as a quadrilateral area rather than normal trian-
gular area [33].

Chopstick Sign: CECT when used for post-operative surveillance to detect resid-
ual/ recurrent tumor, shows ‘floating’ medial and lateral pterygoid plates in cases
where the root of pterygoid base is drilled. These pterygoid plates are visualized
separately to give appearance of a pair of chopsticks.

8.4 MRI

Contrast enhanced MRI (CE-MRI) is the investigation of choice for advanced
JNA tumors, particularly those with intracranial, intra-orbital, or parapharyngeal
space involvement. It can accurately determine the extent of the tumor. ‘Salt and
pepper’ appearance on contrast MRI is characteristic to any vascular tumor,
resulting due to flow-void areas (T2WI and contrast enhanced T1WI) [22, 34].

Fat Suppression MRI: This has an immense potential in detecting bone invasion
by tumor. In fat-suppression MRI sequence, a normal pterygoid wedge should be
hypointense owing to fat-rich marrow. Any iso�/hyper-intensity in that area indi-
cates invasion by the tumor, therefore, requiring bone drilling to avoid recurrence.

MRI is also the preferredmodality for post-operative long-term surveillance because
of its superior soft tissue differentiation quality without any radiation exposure.

8.5 CT-angiography

CT angiography is useful to identify the feeder vessel(s) to the tumor. Internal
maxillary artery is the most common feeder vessel for JNA. JNA may additionally
acquire blood supply from ascending pharyngeal artery, contralateral external
carotid artery branches, ipsilateral or contralateral internal carotid artery and its
branches (ophthalmic, meningohypophyseal, vidian artery).
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Knowledge about the feeding vessel and its site of entry into the tumor is
absolutely critical to decide the surgical approach for JNA excision. For example,
where feeder vessels are located posterior to the main tumor mass without direct
access, open approach is preferred to endoscopic approach.

8.6 Digital subtraction angiography (DSA)

DSA is used in preoperative phase to identify the feeder vessel and its preoper-
ative embolization. Selective vessel angiography in DSA allows to determine the
exact branch(es) supplying the tumor and its selective embolization. JNA shows a
characteristic ‘tumor blush’ in DSA of external carotid artery. This can also help in
predicting the expected blood loss during tumor resection [35].

9. Staging of JNA

Various staging systems have been proposed over the years, each with its own
merits and demerits.

9.1 Session’s staging system, 1981

Table 2

9.2 Chandler’s staging system, 1984

Table 3

CHANDLER’S STAGING SYSTEM

STAGE TUMOR EXTENSION

I Involvement of the nasopharyngeal vault

II Extension into nasal cavity or sphenoid sinus

III Extension into maxillary sinus, ethmoid sinus, pterygopalatine fossa, infratemporal fossa,
cheek, palate

IV Intracranial extension

Table 3.
JNA staging system by Chandler, 1984 [37].

SESSION’S STAGING SYSTEM

STAGE TUMOR EXTENSION

IA Involvement of the nose or nasopharyngeal vault

IB Extension into one or more sinuses

IIA Minimal extension into the pterygopalatine fossa

IIB Full occupation of the pterygopalatine fossa

IIC Infratemporal extension (� involvement of the cheek)

III Intracranial extension

Table 2.
JNA staging system by Sessions, 1981 [36].
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9.3 Andrews-Fisch’s staging system, 1989

Table 4

9.4 Radkowski’s staging system, 1996

Table 5

RADKOWSKI’S STAGING SYSTEM

STAGE TUMOR EXTENSION

IA Involvement of the nose or nasopharyngeal vault

IB Extension into one or more sinuses

IIA Minimal extension into pterygopalatine fossa

IIB Complete extension into pterygopalatine fossa

IIC Extension into infratemporal fossa/ posterior to pterygoid plates

IIIA Minimal skull base involvement (middle cranial fossa/ base of pterygoid plates)

IIIB Extensive intracranial involvement � involvement of cavernous sinus

Table 5.
JNA staging system by radkowski, 1996 [39].

9.5 Endoscopic system of staging

9.5.1 UPMC (University of Pittsburgh Medical Center)/ Snyderman, 2010

Only valid for tumors which are preoperatively embolised (Table 6).

ANDREWS-FISCH’S STAGING SYSTEM

STAGE TUMOR EXTENSION

I Confined to nose or nasopharyngeal vault

II Invasion of the pterygopalatine fossa or maxillary/ ethmoid/ sphenoid sinuses with bone
destruction

IIIA Extension into the infra- temporal fossa or orbit

IIIB Intracranial but extradural extension (parasellar area)

IVA Intracranial intradural extension without involving cavernous sinus/ optic chiasma/
pituitary fossa (mnemonic C-O-P)

IVB Intracranial intradural extension involving cavernous sinus/ optic chiasma/ pituitary fossa

Table 4.
JNA staging system by Andrew- Fisch, 1989 [38].

UPMC/ SNYDERMAN’S STAGING SYSTEM

STAGE TUMOR EXTENSION

I Nasal cavity, medial pterygopalatine fossa

II Paranasal sinuses and lateral pterygopalatine fossa, no residual vascularity

III Skull base erosion, orbit, infratemporal fossa, no residual vascularity
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10. Treatment

Choice of treatment depends on the size and extent of the tumor. Treatment
modalities include surgical excision (open v/s endoscopic approach) and non-
surgical adjuvant therapy (embolization/hormonal/ radiotherapy) or their
combination(s).

10.1 Surgical treatment of JNA

Complete excision of the entire tumor mass should be the aim of any surgical
procedure and the approach selected accordingly. Though the advancements in
endoscopic surgery have minimized the need for open approaches, the surgeon
should be well versed with all the techniques.

10.1.1 Open surgical approach

In general, open approaches have the advantage of providing a wide exposure.
But this comes at the cost of higher morbidity, increased hospital stay, and some
degree of cosmetic deformity.

10.1.1.1 Transpalatal approach

This is the shortest and most direct approach for tumors limited to nasopharynx
with/ without minimal extension into sphenoid sinus/ choana [41, 42].

A U-shaped incision (Wilson’s incision) is made 2.5 cm anterior to the junction
of hard and soft palate. Submucoperiosteal flap is elevated posteriorly till the soft
palate to bare the underlying horizontal plate of palatine bone. Soft palate and hard
palate are separated. Bone is removed from the posterior part of hard palate to
visualize the entire nasopharynx along with the tumor.

This approach has the advantage of good post-operative healing with no
visible scar.

10.1.1.2 Transnasal- maxillary approach

10.1.1.2.1 Lateral rhinotomy

Lateral rhinotomy was first described by Irwin Moore in 1917 [43].
The incision is started 5 mm anterior and superior to the medial canthus and

continued inferiorly along the deepest portion of the nasomaxillary groove. At its
inferior end, it is curved medially in the crease beneath the ala. Skin flaps are

UPMC/ SNYDERMAN’S STAGING SYSTEM

STAGE TUMOR EXTENSION

IV Skull base erosion, orbit, infratemporal fossa, with residual vascularity from ICA

V Intracranial extension with residual vascularity from ICA

VM Medial cavernous sinus

VL Middle cranial fossa

Table 6.
JNA staging system by Snyderman/ UPMC, 2010 [40].
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elevated over the maxilla and nasal bones. Medial wall of maxillary antrum is
removed.

This provides adequate exposure for tumors extending into the nasal cavity and/
or sinuses with minimal extension into the pterygopalatine fossa.

Adequate healing allows for an inconspicuous scar mark, well hidden within the
facial creases.

10.1.1.2.2 Extended lateral rhinotomy

The lateral rhinotomy incision is further extended inferiorly along the ipsilateral
ridge of the philtrum and continued to split the upper lip in paramedian position.
After dividing the upper lip, incision is continued laterally along the gingivobuccal
sulcus upto the first molar. This approach is required in cases needing exposure
beyond the infraorbital neurovascular bundle.

10.1.1.2.3 Extended subtoal maxillectomy

The main objective of this approach is to expose the maxillary antrum and
remove its medial, anterior and posterolateral walls along with perpendicular plate
of palatine bone. Orbital floor and alveolar arch are left intact. This converts the
maxillary sinus, nasal cavity, nasopharynx, pterygopalatine fossa and infratemporal
fossa into a single large accessible cavity.

This wide exposure is required for large tumors spilling in the infratemporal
fossa. Lateral most aspect of these tumors is identified. Feeder vessel in the form of
internal maxillary artery (most common feeder vessel) is identified as it enters the
lateral aspect of the tumor in the infratemporal fossa and ligated before starting
with the tumor dissection. Ascending pharyngeal artery maybe seen entering and
supplying the tumor at its posterior aspect. It is also identified and ligated. This
allows for minimal blood loss during the tumor dissection and delivery. Tumor
delivery is done in-toto through transnasal/ transoral route or in a piecemeal
fashion.

Two pathways for this approach have been described:

I.Weber-Ferguson’s Incision: The incision starts just below the lateral canthus
upto the medial canthus in the subciliary crease. It is continued inferiorly
along the nasomaxillary groove and turned medially at alar crease. It is again
curved inferiorly along the philtrum to split the upper lip. Gingivobuccal
incision is extended laterally upto the first molar area. Ectropion, cheek
anesthesia, and an unsightly scar are often encountered complications of this
approach.

II.Mid Facial Degloving: A complete transfixation incision is placed in the
anterior nasal septum followed by bilateral intercartilagenous incisions
between upper and lower lateral cartilages. Incision over the pyriform
aperture is made on both sides. A sublabial incision between the two upper
second molars is made and dissection continued superiorly to join it with the
nasal incisions. Entire skin and soft tissue flap is retracted superiorly to reveal
the whole midface skeleton. Although more technologically challenging, this
approach has the advantage of no visible scar. Cheek anesthesia is an almost
inevitable complication. Nasal vestibular stenosis has also been reported with
the use of this approach.
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10.1.1.2.4 Le fort-I approach

An incision is made in the gingivobuccal sulcus between the two upper second
molars. Periosteum is elevated to expose maxilla in its anterior and lateral aspect.
Horizontal osteotomies from pyriform aperture to pterygomaxillary fissure and
from pyriform aperture to palatine canals are made. Nasal septum is freed from
anterior nasal spine and maxillary crest. Pterygoid dysjuctioning allows easy
down fracturing of maxilla to achieve a wide exposure of the tumor extending
into multiple paranasal sinuses, infratemporal fossa or intracranial space.
After tumor excision, fixation of mid facial skeleton is achieved using titanium
plates. This approach provides the widest possible exposure without any external
scar [44].

10.1.1.3 Transfacial approach

10.1.1.3.1 Maxillary swing

A Weber-Ferguson incision is combined with the splitting of the hard palate
[45, 46]. Multiple osteotomies are done and maxilla is disarticulated. Overlying skin
and muscles are NOT dissected. Rather they are raised as a single flap along with
underlying maxillary and zygomatic bone (cheek masseter maxillary flap). After
tumor excision, maxilla is repositioned and fixed with titanium plates followed by
layered suturing of the skin incision.

This approach provides accessibility to nasopharynx, paranasal sinuses,
infratemporal fossa, parapharyngeal space and intracranial space. Malocclusion of
upper jaw and palatal fistula are some uncommon but difficult to manage compli-
cations associated with this procedure [47].

10.1.1.3.2 Maxillary removal and reinsertion (MRR)

MRR starts as a midfacial degloving approach through a sublabial incision [48].
Partial osteotomy at nasofrontal angle allows extended degloving of midface. Mul-
tiple osteotomies are made to resect and remove the maxillary bone. Tumor is
resected. Maxilla is repositioned at its original anatomical position and secured with
titanium plates/ absorbable plates.

Wide exposure for tumor resection from infratemporal fossa, parapharyngeal
space, and middle and anterior cranial fossa is achieved. Such extensive resections
can cause malocclusions, visual disturbances and disruption of growth centres in
the maxillary bone, resulting in future cosmetic deformities.

10.1.1.4 Infratemporal fossa approach

Fisch Type C and Fisch Type D are the two most commonly used approaches
for extensive JNAs. Infratemporal approaches are suitable for gaining excess to
infratemporal fossa, middle cranial fossa and lateral cavernous sinus [49]. Good
resection rates are achieved with low recurrence rates. Major complications of
Fisch Type C approach are a permanent conductive hearing loss, cosmetic defor-
mity and loss of facial sensation. Fisch Type D approach was later added with the
advantage of avoiding a visible facial scar, hearing loss and ability to convert as
Type C approach as and when required [50, 51]. However, these approaches fail
to resect tumors extending medial to the abducent cranial nerve in the cavernous
sinus [52].
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10.1.1.5 Craniofacial resection

A combination of infratemporal fossa approach and transfacial approach is
required in certain cases with advanced stage angiofibromas [52]. This approach
allows access to the infratemporal fossa, middle and anterior cranial fossa, and
entire cavernous sinus (both medial and lateral aspects). An added enhanced expo-
sure to the nasopharynx, paranasal sinuses and pterygopalatine fossa facilitates
complete tumor excision. Facial skeletal growth retardations and facial asymmetry
is rare [53].

10.1.1.6 Combined open approach

Large primary tumors or recurrent tumors may necessitate the need for using more
than one open approach in the same sitting. These combinations can be tailor –made
depending on size of the tumor, involvement of vital structures, and surgeon’s exper-
tise in one or more approaches. Some commonly used combined approaches are-

i. Transapalatal + Lateral Rhinotomy: In large tumors, not amenable to
single approach surgery, this was the most common approach used earlier.

ii. Sardana’s Approach: Sublabial approach combined with a partial transpalatal
approach (without removing bone from posterior part of hard palate) [54].

iii. Midface Degloving + Transzygomatic Approach: This achieves a wide
exposure with radical tumor excision and good hemostasis [55].

iv. Triple Approach of Hiranandani: Combination of lateral rhinotomy with
transpalatal approach with Caldwell-Luc’s approach [56].

v. Craniofacial Resections: Infratemporal fossa approach combined with
transfacial approach. Craniofacial resections can be included in this
category as well [52].

10.1.2 Endoscopic approach

Last decade has seen a paradigm shift from open approach to transnasal endo-
scopic approach. In today’s time, endoscopic surgery can be regarded as the most
rapidly advancing surgical field. As the surgeon’s familiarity with the endoscopes is
increasing, hard to reach anatomical regions are also becoming more accessible,
thereby, widening the horizon for this approach. Tumors, which were earlier
labeled as operable via an open approach only, can now be easily and completely
resected using endoscopic approach.

Endoscopic surgery has the advantage of better illumination andmagnification,
lowermorbidity, and shorter duration of hospital stay which ultimately leads to cost
saving. Advantage of no visible facial scar adds to the cosmetic viability of this approach.

10.1.2.1 Surgical considerations for endoscopic jna surgery

1.Tumor size and extent decides the exact endoscopic approach required. While
smaller tumors are managed via an endonasal approach; medium to large sized
tumors require an endoscopic Denker’s / Sturman- Canfield or a more
extensive transpterygoid approach [57, 58].
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Extended anterior skull base approaches are recommended for intracranial
lesions [59].

1.Exposure is the key to a successful surgery. Adequate exposure allows
identification of tumor limits, delineation of feeder vessels, and assessment of
tumor’s relation with vital structures. Most of the surgical time is spent in
achieving this exposure before starting off with the tumor resection.

2. It is always advisable to identify and ligate the feeding artery first (usually
internal maxillary artery), before starting with tumor dissection.

3.Posterior septectomy, wherever required, is recommended. This greatly
increases the access to the tumor.

4.Dissection is carried along the tumor pseudocapsule from lateral to medial
direction. Any injury to tumor surface can provoke massive bleeding.

5.For larger tumors, a four-handed technique is recommended [22]. For large
tumors with extensive lateral extension into infratemporal fossa/
parapharyngeal space, the four-port Bradoo’s technique is a worthy option [60].

6.Drilling of pterygoid base at the end of the procedure should be a routine
practice, so as to minimize the recurrence rates (Figures 3–8).

7.The operative room should have the availability of hemostatic materials like
SURGICEL, FLOSEAL, TIS SEEL and a functioning bipolar cautery. Access to
a blood bank is recommended.

8.Coblation is a plasma based device that can be used for surface coagulation of
the tumor without causing any collateral thermal damage. This shrinks the
tumor and also greatly reduces intra-op bleeding.

9.During preoperative planning stage, it is imperative to discuss with the
patient, the possibility to convert an endoscopic approach into an open
approach at any given time during the surgery.

Figure 3.
CE-MRI showing hyperintense tumor (*) with massive lateral extension into infratemporal fossa.
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10.1.2.2 Contraindications to endoscopic approach

i. Broad skull base infiltration

ii. extensive blood supply from ICA

iii. encasement of ICA

iv. brain infiltration

Considering the pace of progress in endoscopic techniques, it would not be sur-
prising if somemore indications are added by the time this chapter reaches the readers.

Figure 4.
CE-MRI showing hyperintense tumor (*) in the infratemporal fossa.

Figure 5.
CECT showing JNA occupying nasopharynx (1), pterygoid wedge (2), infratemporal fossa (3) and
intracranial space (4). Notice the widening of left pterygoid wedge (red arrow) as compared to the right normal
pterygoid wedge (green arrow)- Ram Haran Sign.
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10.2 Non-surgical treatment of JNA: adjuvant treatment modalities

Though Juvenile angiofibroma is now an established surgical entity, there has
been an era when medical management alone was the rule for extensive tumors
especially those with intracranial extension. With paradigm shift towards more
aggressive surgical procedures for all stages of the tumor, other treatment
modalities are now valued as adjuvant therapy only.

10.2.1 Embolization

Transarterial embolization (TAE) is done preoperatively to decrease the blood
flow to the tumor, thereby, reducing the intraoperative blood loss and need for
blood transfusion. This is particularly useful for tumors with advanced stage.

Figure 6.
CT angiography showing a vascular tumor (*). Notice the internal maxillary artery supplying this tumor (orange
arrow).

Figure 7.
Endoscopic view through left nasal cavity: Medial and posterior walls of left maxillary sinus and left inferior
turbinate have been removed. 1-nasopharyngeal component of JNA; 2- pterygopalatine fossa + infratemporal
fossa component of JNA; 3- remnants of left inferior turbinate; R- right, L- left, S- superior, I- inferior.
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Smaller tumors have less vascularity and can be resected easily even without
preoperative embolization [61].

The procedure is usually done 24 to 48 hours before the scheduled surgery.
Further surgical delay is not appreciated/recommended as tumor gains collateral
blood supply through neoangiogenesis. A wide variety of materials are available as
embolic agents: microspheres, gelatin sponge, Teflon particles, gel foam, poly-vinyl
alcohol, polystyrene, silicone particles, silk, cyanoacrylate, sodium tetradacyl sul-
phate, autogenous clot, duramater, muscle fragments, etc. 300–500 micrometer
spheres are preferred owing to greater blocking capacity of vascular lumen [62].

The procedure is not without complications. Cerebral ischemia and vision loss are
known complications following embolic agent migrating to ICA system. Rare com-
plications like cerebral edema, hemiplegia and aphasia have also been reported [63].

Direct Puncture Therapeutic Embolization (DPTE) is a new concept for
tumor embolization. Embolizing agent is a mixture of n-butyl cyanoacrylate
[NBCA], lipiodol, powdered tungsten with/without absolute ethanol. Under fluo-
roscopic visualization, embolizing agent is injected directly into the tumor through
a percutaneous route or a transoral/ transnasal/transpalatal route [64].

This results in almost complete filling of tumor microvasculature with irreversible
occlusion of embolized vessels. Tumor gains a dark color (due to tungsten powder
with blue dye) which helps to better distinguish it from surrounding normal tissue.
Direct cytotoxicity of absolute ethanol has shown good therapeutic effects.

DPTE alone or in combination with TAE has shown to have better
devascularisation effects than TAE alone [65, 66].

10.2.2 Hormonal therapy

Hormonal influence on growth of JNA has been speculated since long. An inter-
play between estrogens and androgens has been associated with tumor proliferation
and its spontaneous involution. Various hormonal therapies are recommended
based on these concepts.

Figure 8.
Coblation wand being used in juvenile nasopharyngeal angiofibroma endoscopic surgery. 1- coblation wand, 2-
tumor, R- right, L- left, S- superior, I- inferior.
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Estrogen therapy: exogenous estrogen has been tried traditionally with the aim
of decreasing tumor size and vascularity. Lack of conclusive therapeutic advantage,
feminizing side effects and propensity towards cardiovascular side effects have
rendered its place to be of historical significance only.

Anti-androgen therapy: Flutamide is a non-steroidal androgen receptor blocker
drug, primarily used in prostatic cancer. It binds with the androgen receptors,
thereby blocking the action of testosterone. Recently, it has been proven that the
response to flutamide therapy is much more pronounced in post-pubertal patients
as compared to pre-pubertal patients [23].

Flutamide therapy is recommended as a six week preoperative adjuvant therapy
for intracranial and intraorbital lesions, recurrent lesions and those with their blood
supply primarily from ICA.

10.2.3 Radiotherapy

Low dose radiotherapy is used for angiofibromas extending intracranially, not
amenable to primary surgery. Typically, total radiation dose of 3,500 cGy is given
over 3 weeks. A successful response in terms of decreased tumor size and vascular-
ity is seen over several months in 80% of the patients [67, 68]. Those showing no
response/incomplete response by 2 years post radiotherapy are deemed as failures
and taken up for salvage surgery.

There are numerous side effects to use of radiotherapy at a young age. Posterior
capsular opacities, glaucoma, optic nerve atrophy, xerostomia, hypopituitarism,
cerebral necrosis, osteoradionecrosis of mandible, skull base osteomyelitis, risk of
developing new head–neck tumors later in life, potential malignant transformation
of angiofibromas are few of the complications associated with the use of radiother-
apy in head and neck region.

Intensity Modulated Radiotherapy (IMRT) allows higher doses to be given to
the lesion without damaging adjoining normal tissues. Multiple beams from differ-
ent directions converge onto the tumor shape so that the target area has the highest
dose strength with relative sparing of surrounding vital structures.

Gamma Knife makes use of radiation beams from 201 sources, converging onto
a single point. This causes retardation of further tumor growth. Cyber Knife is a
type of stereotactic radiosurgery which uses a robotic arm to deliver radiations to a
point source. These are being applied in association with other treatment modalities
to achieve desired results in large angiofibromas [69, 70].

11. Conclusion

Juvenile nasopharyngeal angiofibroma, although an old disease entity, is still
fascinating medical experts all over the world. Although still largely unknown, with
advanced genetic and molecular studies, we have moved a step closer to find the
origin and etiology of this disease. At present, surgery is the mainstay of treatment
with endoscopic approach replacing the conventional open approach. Future con-
siderations can be focused on therapeutic embolisation, stereotactic radiotherapy
and targeted molecular therapy for a non-surgical cure.
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