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Preface

Diagnosis is an ordinary and commonplace topic for all diseases, and correct
diagnosis is the premise of correct treatment, suggesting a key role of diagnosis and
treatment in clinics. In recent years, the achievements of advanced technologies
and their application in clinics has prompted the rapid progress of otolaryngol-
ogy. As an important branch of otorhinolaryngology head and neck surgery, there
are few books devoted to pharyngeal diseases. Pharynx - Diagnosis and Treatment
introduces the most advanced diagnosis and treatment techniques, clinical applica-
tion principles, indication selection, and operation norms in pharynx diseases.

The chapters provide updated scientific views from international experts on the
latest advances in pharyngeal diseases, including pharyngeal carcinomas (e.g., oral
cancer, nasopharyngeal carcinoma, hypopharyngeal carcinoma, and laryngeal
carcinoma) and non-cancerous diseases (e.g., nasopharyngeal angiofibroma and
obstructive sleep apnea syndrome). The book also includes reviews concerning
nasopharyngeal microflora and research work evaluating dysphagia as a risk factor
for chronic cough.

I am confident this book will enhance readers’ understanding and knowledge of the
differential diagnosis and therapeutic options of pharyngeal diseases. I sincerely
appreciate my co-editor Professor Zhe Zhang and the publishing managers at
IntechOpen as well as all the contributing authors for their help, support, and patience
throughout the process of creating and publishing this book.

Xiaoying Zhou

Life Science Institute,
Guangxi Medical University,
Nanning, China

Zhe Zhang
First Affiliated Hospital of Guangxi Medical University,
China
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Chapter1

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 hasa
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% ClI, 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 pl6 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]. Asan 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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AJCC (7th edition) AJCC (8th edition) [33]

Primary tumor

Tx: Primary tumor cannot be assessed. The same as the 7th edition.

TO: No evidence of primary tumor. The same as the 7th edition.

Tis: Carcinoma in situ. The same as the 7th edition.

T1: Primary tumor <2 cm in biggest Primary tumor<2 cm, DOI < 5 mm.
dimension.

T2: Primary tumor is 2-4 cm in biggest Primary tumor <2 cm, 5 mm<DOI <10 mm;
dimension. or 2 cm<tumor<4 cm, and DOI < 10 mm.

T3: Primary tumor >4 cm in biggest Primary tumor>4 cm or any tumor DOI>10 mm
dimension.

T4: Moderately or very advanced local disease  The same as the 7th edition.

T4a: 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.

T4b: Very advanced local disease, tumor
invades masticator space, pterygoid plates,
or skull base and/or encases internal
carotid artery.

Regional lymph node status

N pN
Nx: Regional lymph node cannot be assessed. ~ The same as the 7th edition.
NO: No regional lymph node metastasis. The same as the 7th edition.
N1: Metastasis to a single ipsilateral lymph New introduction of negative extranodal extension,

node (<3 cm).

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
asingle 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 New introduction of negative extranodal extension,
lymph nodes (<6 cm) 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.

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

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

Table 1.

A comparison of the 7" and 8" edition of AJCC/TNM staging of oral cancer.

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
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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 cNO patients have inapparent lymph node
invasion (pN) [1], suggesting the importance of prophylactic dissection for NO
patients. Though recent evidence shows that sentinel node biopsy can be a reliable
indicator for NO 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 HPYV 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 pl6, 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
HPYV 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 p16"™**, 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-P¢

Table 2.
Various methods used for testing HPV status.
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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

Clinical and Pathological T categories

¢ T1Tumour 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

NO 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 NO,1 MO

Stage I1 T1,T2 N2 MO

T3 NO,N1,N2M0

Stage III T1-T4 N3 MO

T4 Any N MO

Stage IV Any T Any N M1

Pathological N categories

Nx-regional nodes cannot be assessed

pNO-No regional lymph node metastasis

pN1-Metastasis in 4 or few lymphnodes

PpN2-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].
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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 % Treatment Survival Survival Pvalue
HPV HPV +ve HPV —ve
ECOG 96 oropharynx 40 induction 95% 62% 0.005
2399 [14] + larynx chemotherapy +
chemo radiation
DAHANCA 156 allhead and 22 radiotherapy 62% 26% 0.003
5[15] neck sites + concurrent
Nimorazole
TROG 02.02 172 oropharynx 57 chemo radiation 91% 74% 0.004
[16] with or without
Tirapazamine
TAX 324 [17] 111 oropharynx 50 induction 79% 31% 0.0001
chemotherapy +
chemo radiation
RTOG 190 oropharynx 39 standard 49% 19.6%, <0.0001
9003 [18] fractionation
versus altered
fractionation
radiotherapy
RTOG 323 oropharynx 64 accelerated RT 82.4%, 571% <0.001
0129 [19] vs. Standard
RT + concurrent
chemotherapy
DAHANC 769 all head and 23 five or six 62% 47% 0.0001
A6,7[20] neck sites fractions of
radiotherapy
per week
+Nimorazole

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 pl6 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, NO-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 Intervention Outcome
(HPV +ve OPSCC) (following TORS+
neck dissection)
ECOG 3311 [27] I 511 resectable stage 2-year PFS
I-1VB A.Low risk- A-93.9%
observation
B.Intermediate risk- B-95.0%
50Gy/25 fractions or
60Gy/30 fractions
C.High risk- C-95.9%
Chemo radiation
66Gy/33 fractions
PATHOS trial [28] 111 1100 resectable T1-T3, Intermediate risk- Awaited
NO-2b. excludes 50Gy/25 fractions or
active smokers with 60Gy/30 fractions
N2b disease High risk-60Gy/30
fractions or
60Gy/30 fractions +
weekly Cisplatin
ADEPT [29] 111 500 resectableT1-4a RT 60Gy/30 Awaited
(NCT01687413) with negative fractions or RT
margin pN positive 60Gy/30 fractions +
with ECE weekly Cisplatin

TORS:Trans oral vobotic 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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Trial Phase N Inclusion Intervention Results
criteria
(HPV-positive
OPSCC)
RTOG 1016 [34] 111 706 T1-2, N2a-3 or Accelerated 5 year survival
T3-4,any N RT(70Gy) + 77-9% vs. 84-6%
cetuximab vs. RT+ 3 p = 0.5056(non-
weekly Cisplatin inferiority)
De-ESCALaTE I 334 T3NO0-T4NO, Conventional RT+ 2-year survival
HPV [35] T1N1 -T4N3 Cetuximab vs. RT + 89-4% vs. 97-5%
excludes > weekly Cisplatin (p=0.001)
N2b, >10 PY
TROG 12.01 [36] 111 200 Stage ITI RT+cetuximab vs. Awaited
(excluding RT+ weekly Cisplatin
T1-2, N1) or
IV (excluding
T4, N3, or M1)
if <10 PY. If
>10 PY, only
NO —2A
PY: pack years.
Table 6.

Trials veplacing Cisplatin with Cetuximab.

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 chemothevapy doses
In a phase II trial, favourable risk HPV associated oropharyngeal carcinoma

patients were randomized to receive 60Gy intensity-modulated radiation therapy
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with concurrent weekly Cisplatin (30 mg/m?) 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/m?”) and chemotherapy was omitted for
patients with TO-2 NO-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, NO-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/ m? [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 pl6 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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Chapter 3

Screening of Nasopharyngeal
Carcinoma

Yanping Yang and Yonglin Cai

Abstract

Nasopharyngeal carcinoma (NPC) is one of head and neck cancer. It hasa
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 y-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 x VCA/

IgA + 4.797 x 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

Residents aged 30 - 69

Y

publicity and education,
informed consent

A 4

Basic information survey, head and neck
examination, and serological test of EBV Ab

A 2 h 4 L 4
Normal physical Abnormal physical examination, EBV AD positive, or
o EBV Ab positive with family gl e
examination and history of NPC, or high risk of family history of
aty . » =
EBV Ab negative EBV Ab test NPC
v h 4
Nasopharyngeal Annualagjclllow—up
fiberscope reexamination
v L
Abnormal No abnormal
A 4 L 4
Biopsy, Annual follow-up
pathological and
examination reexamination
¥ ¥
Severe dysplasia,
Mild dysplasia carcinoma in situ, or
cancer
L 4 \ 4
Annual ‘follpw?'—pp and Treatment
reexamination

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-Fe304
nanocomposites had the higher detection rate and higher sensitivity compared
with the traditional ELISA method [45]. MWCNT-Fe304 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 BART?2-5p 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, FAMS83B, SLC22A16, SPEF2,
ERICH3, CCDCS81, 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 p-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.

Acknowledgements
This work was supported by grants from the National Natural Science

Foundation of China (grant number: 81860601, recipient: YLC).

Conflict of interest

The authors declare no conflict of interest.

35



Pharynx - Diagnosis and Treatment

Author details
Yanping Yang' and Yonglin Cai**

1 Department of Otolaryngology-Head and Neck Surgery, Guangxi Medical
University, Nanning, China

2 Guangxi Health Commission Key Laboratory of Molecular Epidemiology of
Nasopharyngeal Carcinoma, Wuzhou Red Cross Hospital, Wuzhou, China

*Address all correspondence to: cylzen@163.com

IntechOpen

© 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.

36



Screening of Nasopharyngeal Carcinoma
DOI: http://dx.doi.org/10.5772/intechopen.97398

References

[1] TangLL, Chen W Q, Xue W Q, HeY
Q, Zheng R S, Zeng Y X, Jia W H.
Global trends in incidence and mortality
of nasopharyngeal carcinoma. Cancer
Lett. 2016:1:22-30. DOI:10.1016/j.
canlet.2016.01.040

21 FuZ T, Guo X L, Zhang SW, Zeng H
M, Sun K X, Chen W Q, He]J. Incidence
and mortality of nasopharyngeal
carcinoma in China, 2014. Zhonghua
Zhong Liu Za Zhi. 2018:8:566-571.
DOI:10.3760/cma j.issn.0253-3766.
2018.08.002

[3] ChenY P, Chan A, Le QT,
Blanchard P, Sun'Y, Ma]J.
Nasopharyngeal carcinoma. Lancet.
2019:10192:64-80. DOI:10.1016/
S0140-6736(19)30956-0

[4]MaoY, LiW, ChenL, SunY, LiuL,
Tang L, Cao S, LinAi-Hua, Hong M,
LuT, LiuM, LiL, Ma]. A clinical
verification of the Chinese 2008 staging
system for nasopharyngeal carcinoma.
Ai Zheng. 2009:10:1022-1028.

(5] Deng H, Zeng Y, Liang J, Zheng Y,
Zhang Z, Zhong J, Ou B, Zhang F, Lin J,
Cheng J, Tang M, Huang B. The basic
screening project in 488 683 persons
for nasopharyneal carcinoma. Zhong
Liu. 2005:2:152-154.

[6] Cao SM, Liu Z, JiaW H, Huang Q H,
Liu Q, Guo X, Huang T B, Ye W, Hong
M H. Fluctuations of epstein-barr virus
serological antibodies and risk for
nasopharyngeal carcinoma: a
prospective screening study with a
20-year follow-up. PLoS One.
2011:4:¢19100. DOI:10.1371/journal.
pone.0019100

[7] Yang S, Wu S, Zhou J, Chen X Y.
Screening for nasopharyngeal cancer.
Cochrane Database Syst Rev.
2015:11:CD008423. DOI:10.1002/
14651858.CD008423.pub2

37

[8] Shannon-Lowe C, Rickinson A. The
Global Landscape of EBV-Associated
Tumors. Front Oncol. 2019:713.
DOI:10.3389/fonc.2019.00713

[9] Young L S, Dawson C W. Epstein-
Barr virus and nasopharyngeal
carcinoma. Chinese Journal of Cancer.
2014:12:581-590. DOI1:10.5732/
cjc.014.10197

[10] Henle W, Henle G, Ho H C, Burtin P,
CachinY, Clifford P, de Schryver A,
De-Thé G, Diehl V, Klein G. Antibodies
to Epstein-Barr virus in nasopharyngeal
carcinoma, other head and neck
neoplasms, and control groups. ] Natl
Cancer Inst. 1970:1:225-31.

[11] Henle W, Ho ] H, Henle G, Chau]J C,
Kwan H C. Nasopharyngeal carcinoma:
significance of changes in Epstein-Barr
virus-related antibody patterns
following therapy. Int. J. Cancer.
1977:5:663-72. DOI:10.1002/
ijc.2910200504

[12] Yi Z, Yuxi L, Chunren L, Sanwen C,
Jihneng W, Jisong Z, Huijong Z.
Application of an immunoenzymatic
method and an immunoauto
radiographic method for a mass survey
of nasopharyngeal carcinoma.
Intervirology. 1980:3:162-8.
DOI:10.1159/000149121

[13] Deng H, Zhao Z, Zhang Z. Serologic
screening on nasopharyngeal cancer in
338,868 persons in 21 cities and counties
of Guangxi Region, China. Zhong hua
Yu Fang Yi Xue Za Zhi. 1995:6:342-3.

[14] Zeng Y, Zhang L G,LiHY, Jan M G,
Zhang Q, WuY C, WangY S, SuGR.
Serological mass survey for early
detection of nasopharyngeal carcinoma
in Wuzhou City, China. Int. J. Cancer.
1982:2:139-41. DOI:10.1002/
1jc.2910290204

[15] Zeng Y, Zhang L G, Wu'Y C, Huang
Y S, Huang N Q, Li] Y, Wang Y B, Jiang



Pharynx - Diagnosis and Treatment

MK, Fang Z, Meng N N. Prospective
studies on nasopharyngeal carcinoma in
Epstein-Barr virus IgA/VCA antibody-
positive persons in Wuzhou City, China.
Int. J. Cancer. 1985:5:545-7. DOI:10.1002/
ijc.2910360505

[16] Zeng Y, Zhong J M, Li L Y, Wang P
Z,Tang H,MaY R, Zhu]J S, Pan W J, Liu
Y X, Wei Z N, Et A. Follow-up studies
on Epstein-Barr virus IgA/VCA
antibody-positive persons in Zangwu
County, China. Intervirology.
1983:4:190-4. DOI:10.1159/000149391

[17] Chien Y C, Chen] Y, LiuM Y, Yang
HI,HsuM M, ChenC]J, Yang CS.
Serologic markers of Epstein-Barr virus
infection and nasopharyngeal
carcinoma in Taiwanese men. N Engl J
Med. 2001:26:1877-82. DOI:10.1056/
NEJMo0a011610

[18]JiMF, Wang DK, YuYL, GuoY Q,
Liang] S, Cheng WM, Zong Y S, Chan
KH, Ng SP,Wei W, ChuaD T, Sham ]
S, Ng M H. Sustained elevation of
Epstein-Barr virus antibody levels
preceding clinical onset of
nasopharyngeal carcinoma. Br ] Cancer.
2007:4:623-30. DOI:10.1038/
sj.bjc.6603609

[19] Zhang X, Zhong J, Tang M,

Zhang X, Liao J, Zheng Y, Deng H,

Zeng Y. Comparison of IgA/VCA, IgA/
EA, IgG/EA in immunoenzyme
methods and ZEBRA ELISA in early
diagnosis of nasopharyngeal carcinoma.
Zhong Hua Shi Yan He Lin Chuang Bing
Du Xue Za Zhi. 2006:3:263-265.

[20l HsuM M, HsuW C, Sheen TS,

Kao C L. Specific IgA antibodies to
recombinant early and nuclear antigens
of Epstein-Barr virus in nasopharyngeal
carcinoma. Clin Otolaryngol Allied Sci.
2001:4:334-8. DOI:10.1046/j.
1365-2273.2001.00489.x

211 Ng M H, Chen HL, Luo R X, Chan

K H, Woo P C, Sham J S, Huang J, Seto
W H, Smith P, Griffin B E. Serological

38

diagnosis of nasopharyngeal carcinoma
by enzyme linked immunosorbent
assay: optimization, standardization
and diagnostic criteria. Chin Med J
(Engl). 1998:6:531-6.

[22] Foong Y T, Cheng HM, Sam CK,
Dillner J, Hinderer W, Prasad U. Serum
and salivary IgA antibodies against a
defined epitope of the Epstein-Barr
virus nuclear antigen (EBNA) are
elevated in nasopharyngeal carcinoma.
Int. J. Cancer. 1990:6:1061-4.
DOI:10.1002/ijc.2910450614

[23] Paramita D K, Fachiroh J, Haryana S
M, Middeldorp ] M. Two-step Epstein-
Barr virus immunoglobulin A enzyme-
linked immunosorbent assay system for
serological screening and confirmation
of nasopharyngeal carcinoma. Clin.
Vaccine Immunol. 2009:5:706-11.
DOI:10.1128/CV1.00425-08

[24] Guo ], Cui Z, Zheng Y, Li X, Chen Y.
Comparison of Epstein-Barr Virus
Serological Tools for the Screening and
Risk Assessment of Nasopharyngeal
Carcinoma: a Large Population-based
Study. Pathol. Oncol. Res. 2020:4:2185-
2190. DOI:10.1007/s12253-020-00808-0

[25] Coghill A E, Hsu W L, Pfeiffer R M,
Juwana H, YuK ], LouPJ, Wang C P,
Chen]Y, Chen CJ, MiddeldorpJ M,
Hildesheim A. Epstein-Barr virus
serology as a potential screening marker
for nasopharyngeal carcinoma among
high-risk individuals from multiplex
families in Taiwan. Cancer Epidemiol
Biomarkers Prev. 2014:7:1213-9.
DOI:10.1158/1055-9965.EPI-13-1262

[26] LiuY, Huang Q, LiuW, Liu Q,
JiaW, Chang E, ChenF, Liu Z, Guo X,
Mo H, ChenJ, Rao D, Ye W, Cao S,
Hong M. Establishment of VCA and
EBNA1 IgA-based combination by
enzyme-linked immunosorbent assay as
preferred screening method for
nasopharyngeal carcinoma: a two-stage
design with a preliminary performance
study and a mass screening in southern



Screening of Nasopharyngeal Carcinoma
DOI: http://dx.doi.org/10.5772/intechopen.97398

China. Int. J. Cancer. 2012:2:406-16.
DOI:10.1002/ijc.26380

[271LiuZ, Ji M F, Huang Q H, Fang F,
Liu Q, JiaW H, Guo X, Xie SH, Chen F,
LiuY, MoHY, LiuW L, YuYL, Cheng
WM, Yang YY, WuB H, Wei KR,

Ling W, Lin X, Lin E H, Ye W, Hong M
H, Zeng Y X, Cao S M. Two Epstein-
Barr virus-related serologic antibody
tests in nasopharyngeal carcinoma
screening: results from the initial phase
of a cluster randomized controlled trial
in Southern China. Am. J. Epidemiol.
2013:3:242-50. DOI:10.1093/aje/kws404

[28] YuX, Ji M, Cheng W, Wu B, Du,
Cao S. Assessment of the Long-term
Diagnostic Performance of a New
Serological Screening Scheme in
Large-scale Nasopharyngeal Carcinoma
Screening. J. Cancer. 2018:12:2093-2097.
DOI:10.7150/jca.23755

[29] Chen F, Huang Q H, Fang F, Liu Z
W, Liu K, Xie SH, Liu Q, Hong M H,
LiaoZE,YeW M, Zeng Y X, Cao S M.
Interval cancers in nasopharyngeal
carcinoma screening: comparing two
screening intervals after a negative
initial screening result. J. Med. Screen.
2012:4:195-200. DOI:10.1258/
jms.2012.012068

[30] Lian S, Ji M, Wu B, Yu X. The
following-up study of high-risk and
moderate-risk groups defined by EB
virus serology test at the
nasopharyngeal carcinoma screening
programme. Zhong hua Yu Fang Yi Xue
Za Zhi. 2015:1:26-30.

[31] Deng H, Zeng Y, Zheng Y,
Jianping L, Liao J, Zhou W, Huang B,
Cheng J, Zhong W. Studies on mass
survery of 413 164 persons for
nasopharyneal carcinoma. Zhong Guo
Ai Zheng Za Zhi. 2003:2:109-111.

[321LoYM, Chan LY, Chan AT, Leung
SF,Lo KW, Zhang ], Lee] C, Hjelm N
M, Johnson P J, Huang D P. Quantitative
and temporal correlation between

39

circulating cell-free Epstein-Barr virus
DNA and tumor recurrence in
nasopharyngeal carcinoma. Cancer Res.
1999:21:5452-5.

3310TM, YuG, HuK, Li] C. Plasma
Epstein-Barr virus immunoglobulin A
and DNA for nasopharyngeal carcinoma
screening in the United States.
Otolaryngol Head Neck Surg.
2007:6:992-7. DOI:10.1016/j.
otohns.2006.11.053

34 Han B L, Xu XY, Zhang C Z, Wu] J,
Han C F, Wang H, Wang X, Wang G S,
Yang S, Xie Y. Systematic review on
Epstein-Barr virus (EBV) DNA in
diagnosis of nasopharyngeal carcinoma
in Asian populations. Asian Pac ] Cancer
Prev. 2012:6:2577-81. DOI:10.7314/
apjcp.2012.13.6.2577

[35] Chan K, Woo ], King A, Zee B,
Lam W, ChanS L, ChuS, Mak C, Tse I,
Leung S, Chan G, Hui E P, Ma B,

Chiu R, Leung S F, van Hasselt A C,
Chan A, LoY. Analysis of Plasma
Epstein-Barr Virus DNA to Screen for
Nasopharyngeal Cancer. N Engl ] Med.
2017:6:513-522. DOI:10.1056/
NEJMoal701717

(36] Tay J K, Chan S H, Lim C M, Siow C
H, GohHL, Loh K S. The Role of
Epstein-Barr Virus DNA Load and
Serology as Screening Tools for
Nasopharyngeal Carcinoma.
Otolaryngol Head Neck Surg.
2016:2:274-80. DOI:10.1177/
0194599816641038

371WuHC, LinY ], LeeJ ], LiuY]J,
Liang ST, Peng Y, ChiuY W, Wu C'W,
Lin C T. Functional analysis of EBV in
nasopharyngeal carcinoma cells. Lab.
Invest. 2003:6:797-812. DOI:10.1097/01.
1ab.0000074896.03561.fb

[38] Pathmanathan R, Prasad U,

Sadler R, Flynn K, Raab-Traub N. Clonal
proliferations of cells infected with
Epstein-Barr virus in preinvasive lesions
related to nasopharyngeal carcinoma. N



Pharynx - Diagnosis and Treatment

Engl ] Med. 1995:11:693-8. DOI:10.1056/
NEJM199509143331103

[39] SheenT' S, KoJY, Chang Y L, Chang
Y S, Huang Y T, Chang Y, Tsai C H, Hsu
M M. Nasopharyngeal swab and PCR
for the screening of nasopharyngeal
carcinoma in the endemic area: a good
supplement to the serologic screening.
Head Neck. 1998:8:732-8. DOI:10.1002/
(sici)1097-0347(199812)20:8<732::aid-
hed12>3.0.co;2-a

[40] Hao S P, Tsang N M, Chang K P.
Screening nasopharyngeal carcinoma by
detection of the latent membrane
protein 1 (LMP-1) gene with
nasopharyngeal swabs. Cancer-Am.
Cancer Soc. 2003:8:1909-13.
DOI:10.1002/cncr.11312

[41] Ng R H, Ngan R, Wei W I, Gullane P
J, Phillips J. Trans-oral brush biopsies
and quantitative PCR for EBV DNA
detection and screening of
nasopharyngeal carcinoma. Otolaryngol
Head Neck Surg. 2014:4:602-9.
DOI:10.1177/0194599813520136

[42] ChenY, Zhao W, Lin L, Xiao X,
Zhou X, Ming H, Huang T, Liao ], Li,
Zeng X, Huang G, Ye W, Zhang Z.
Nasopharyngeal Epstein-Barr Virus
Load: An Efficient Supplementary
Method for Population-Based
Nasopharyngeal Carcinoma Screening.
PLoS One. 2015:7:e0132669.
DOI:10.1371/journal.pone.0132669

[43] Zheng XH, LuL X, Li X Z, JiaW H.
Quantification of Epstein-Barr virus
DNA load in nasopharyngeal brushing
samples in the diagnosis of
nasopharyngeal carcinoma in southern
China. Cancer Sci. 2015:9:1196-201.
DOI:10.1111/cas.12718

[44] Zhang PF, Zheng X H, Li X Z,
Tian T, Zhang SD, HuY Z, JiaW H.
Nasopharyngeal brushing: a convenient
and feasible sampling method for
nucleic acid-based nasopharyngeal
carcinoma research. Cancer Commun

40

(Lond). 2018:1:8. DOI:10.1186/
s40880-018-0278-z

[45] Chia-Ching L, Subramaniam S,
Sivasubramanian S, Feng-Huei L.
MWCNT-Fe304-based immuno-PCR
for the early screening of
nasopharyngeal carcinoma. Mater Sci
Eng C Mater Biol Appl. 2016:422-8.
DOI:10.1016/j.msec.2015.12.055

[46] Jiang C, Chen], Xie S, Zhang L,
Xiang Y, Lung M, Kam N W, Kwong D
L, Cao S, Guan X Y. Evaluation of
circulating EBV microRNA BART?2-5p
in facilitating early detection and
screening of nasopharyngeal carcinoma.
Int. J. Cancer. 2018:12:3209-3217.
DOI:10.1002/ijc.31642

[47] Zhang ] Z, Wu Z H, Cheng Q.
Screening and identification of key
biomarkers in nasopharyngeal
carcinoma: Evidence from bioinformatic
analysis. Medicine (Baltimore).
2019:48:€17997. DOI:10.1097/
MD.0000000000017997

[48] XuY, Zhao W, Mo Y, Ma N,
Midorikawa K, Kobayashi H, Hiraku Y,
Oikawa S, Zhang Z, Huang G,

Takeuchi K, Murata M. Combination of
RERG and ZNF671 methylation rates in
circulating cell-free DNA: A novel
biomarker for screening of
nasopharyngeal carcinoma. Cancer Sci.
2020:7:2536-2545. DOI:10.1111/
cas.14431

[49] Jiang H, Li ], Zhang B, Huang R,
Zhang J, Chen Z, Shang X, Li X, Nie X.
Intestinal Flora Disruption and Novel
Biomarkers Associated with
Nasopharyngeal Carcinoma. Front
Oncol. 2019:1346. DOI:10.3389/
fonc.2019.01346

[50] Khan S, Ullah R, Javaid S,

Shahzad S, Ali H, Bilal M, Saleem M,
Ahmed M. Raman Spectroscopy
Combined with Principal Component
Analysis for Screening Nasopharyngeal
Cancer in Human Blood Sera. Appl.



Screening of Nasopharyngeal Carcinoma
DOI: http://dx.doi.org/10.5772/intechopen.97398

Spectrosc. 2017:11:2497-2503.
DOI:10.1177/0003702817723928

[51] Lin D, Wu Q, Qiu S, Chen G,

Feng S, Chen R, Zeng H. Label-free
liquid biopsy based on blood circulating
DNA detection using SERS-based
nanotechnology for nasopharyngeal
cancer screening. Nanomedicine-UK.
2019:102100. DOI:10.1016/j.
nano.2019.102100

[52] Rao D, Qing L, Cao S. Cost-
effectiveness evaluation of seven
strategies for nasopharyngeal
carcinoma. Zhong Hua Zhong Liu Za
Zhi. 2012:7:549-553.

[53] Harris J P, Saraswathula A,

Kaplun B, QianY, Chan K, Chan A,

Le QT, Owens D K, Goldhaber-Fiebert ]
D, Pollom E. Cost-effectiveness of
Screening for Nasopharyngeal
Carcinoma among Asian American Men
in the United States. Otolaryngol Head
Neck Surg. 2019:1:82-90.
DOI:10.1177/0194599819832593

[54] JiM F, Sheng W, Cheng W M, Ng M
H,WuBH, YuX, Wei KR, LiF G, Lian
SF, Wang PP, Quan W, Deng L, Li X H,
LiuXD, XieY L, Huang S ], Ge S X,
Huang SL, Liang X ], He SM, Huang H
W, XiaSL,NgP§S, ChenHL, XieSH,
LiuQ, HongM H, Ma]J, YuanV, Xia N S,
Zhang J, Cao S M. Incidence and
mortality of nasopharyngeal carcinoma:
interim analysis of a cluster randomized
controlled screening trial (PRO-
NPC-001) in southern China. Ann.
Oncol. 2019:10:1630-1637. DOI:10.1093/
annonc/mdz231

41






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 IT) 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 Il 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 co