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Preface

Squamous cell carcinomas (SCC) are a group of cancers that originate from cells 
within the epidermis. SCC is the cause of about 90% of cases of head and neck 
cancer, which includes cancers of the mouth, nasal cavity, nasopharynx, throat, and 
related non-small cell lung cancer. This book reviews squamous cell carcinoma of 
the bladder, eye, vagina, and head and neck, examines the site-specific importance 
of the disease and discusses the application of dermatoscopy and the role of Next 
Generation Sequencing in SCC. The mutational profile of human papillomavirus 
(HPV) in head and neck SCC as a source for cancer diagnosis and management 
is discussed. Numerous studies have shown that the consumption of raw fruits and 
vegetables significantly reduces the risk of SCC, and green leafy vegetables may  
aid in the prevention of SCC development.

Sivapatham Sundaresan
Associate Professor,

SRM Institute of Science and Technology,
Chennai, India
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Chapter 1

Squamous Cell Carcinoma  
of the Vagina
Ferhat Cetin and Özer Birge

Abstract

Vaginal cancer accounts for approximately 4000 cases and over 900 deaths  
annually. About 1 in 100,000 women will be diagnosed with in situ or invasive 
vaginal cancer (typically of squamous cell histology). The mean age at diagnosis 
of squamous cell carcinoma, the most common histologic type of vaginal cancer, is 
approximately 60 years. However, the disease is seen occasionally in women in their 
20s and 30s. Squamous carcinoma is more common as the age of the patient increases. 
Vaginal cancer is a disease in which malignant (cancer) cells form in the vagina. 
Vaginal cancer is staged in three ways, based on how far the tumor has progressed in 
the vagina, whether it has spread to the lymph nodes, and whether it has spread to 
other parts of the body. These three categories are called T (tumor), N (nodes), and 
M (whether it has metastasized or spread). Surgery is the most common treatment of 
vaginal cancer. The surgical procedures used are laser surgery (uses a laser beam as a 
knife to make bloodless cuts in tissue or to remove a surface lesion such as a tumor); 
Wide local excision (takes out cancer and some of the healthy tissue around it); 
Vaginectomy (Surgery to remove all or part of the vagina).

Keywords: human papillomavirus, primary vaginal cancer, squamous cell carcinoma, 
vaginal bleeding

1. Introduction

Primary vaginal cancer is less prevalent than uterine cancer of the endometrium, 
ovary, and cervix, but vaginal cancer is more common than vulvar cancer in the 
United States [1]. Most vaginal tumors are squamous cell carcinomas, but melanomas, 
sarcomas, adenocarcinomas, and other histologic types also occur. Although primary 
vaginal cancer is rare, metastasis to the vagina or local spread from adjacent gyneco-
logic or non-gynecologic organs or systems is not uncommon.

In summary, most vaginal malignancies are metastatic and can often arise from 
the endometrium, cervix, vulva, ovaries, breast, rectum, and kidney [2–5]. Direct 
spread (e.g., cervix, vulva, endometrium) or lymphatic or hematogenous spread 
(e.g., breast, ovary, kidney) can cause vaginal metastases.

In situ or invasive vaginal cancer will be diagnosed in approximately one in every 
100,000 women (typically squamous cell histology) [6, 7]. Squamous cell carcinoma, 
the most frequent histologic form of vaginal cancer, is mainly diagnosed in women in 
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their 60s and 70s, while it can also occur in women in their 20s and 30s. Squamous cell 
carcinoma occurs more frequently as the patient ages [6].

Human papillomavirus (HPV) infection is thought to be the cause of the majority of 
vaginal cancer cases, as well as cervical, uterine cancer [8]. In a case–control study, more 
than half of 156 women with in situ or invasive vaginal cancer tested positive for antibod-
ies to HPV 16 or 18 subtypes [9]. As a result, vaginal cancer and cervical neoplasia share 
the same risk factors. Specifically, the risk increases with more than one sexual partner 
over a lifetime, early age at first sexual intercourse, if you still smoke, low socioeconomic 
status, and various other infections that cause immunosuppression [9, 10].

There was evidence that some high-grade vulvar and vaginal intraepithelial neo-
plasms are monoclonal lesions derived from the high-grade or malignant disease of the 
cervix [11]. A retrospective cohort study of over 130,000 women found that women 
with cervical intraepithelial neoplasia 3 (CIN 3) had a significantly higher risk of devel-
oping vaginal cancer than women in the same population and time interval (incidence 
rate 6.8, 95% CI 5.6–8.2) [12]. A fourfold or higher risk was found up to 25 years after 
a CIN 3 diagnosis. Similarly, 30% of all women with in situ or invasive vaginal disease 
had previously been treated for an anogenital tumor (primarily cervical), and 17 out 
of 25 (70%) invasive cancer biopsy specimens tested positive for HPV type 16/18 DNA 
in one case series. Similarly, 51 of 153 women with vaginal cancer treated at Princess 
Margaret Hospital had pre-existing gynecological malignancies, 34 of whom had cervi-
cal uteri cancer, and it is recommended that when each type of cancer is detected, the 
cervix uteri, vagina, and vulvar region be evaluated together [13].

2. Clinical findings

The most prevalent clinical manifestation of vaginal cancer is vaginal bleeding. 
Many women are asymptomatic. Vaginal bleeding associated with vaginal cancer is 
typically postcoital or postmenopausal. Any unplanned vaginal bleeding should be 
investigated to determine if the source is vaginal. There may also be a watery, bloody, 
or foul-smelling discharge from the vagina [14–16].

The patient may also notice a vaginal mass. Other possible symptoms are related to 
local spread of the disease, urinary symptoms (e.g., frequency, dysuria, hematuria), or 
gastrointestinal symptoms (e.g., tenesmus, constipation, melena) [14–16]. Pelvic pain 
caused by the spread of the disease outside the vagina occurs in 5 percent of patients.

At the time of diagnosis, up to 20% of women have no clinical complaints and are 
asymptomatic [17–19]. These vaginal malignancies might be discovered incidentally 
during a pelvic examination or due to cytological screening for cervical cancer.

3. Diagnostic evaluation

Evaluation using pelvic examination, vaginal cytology, and colposcopic or direct 
vaginal biopsy are the essential parts of diagnostic evaluation.

Questions about the symptoms of vaginal cancer should be included. A gyne-
cologic history, including a history of neoplasms of the cervix or vulvar neoplasia, 
should be obtained, as a history of other gynecologic malignancies may exclude a 
diagnosis of vaginal cancer. Medical, surgical, and medication history should be 
obtained. This should include the evaluation of medical comorbidities that may 
influence treatment decisions.
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A pelvic and physical examination is carried out. The vagina should be extensively 
checked with the speculum, including the view of the entire periphery and fornix 
by shifting the speculum position. Any abnormal site or mass should be biopsied. 
Palpation of the vaginal walls for masses and evaluation of other pelvic masses should 
be included in a bimanual examination. The inguinal region should be palpated to 
assess enlarged pathological lymph nodes.

If the lesion is small and located in the lower two-thirds of the vagina, it may 
be missed on initial examination. On visual inspection of the vagina, the anterior 
and posterior blades of the speculum obscure this area, so the tumor may be missed 
unless the vagina is examined when the speculum is removed or the lesion is palpated 
on bimanual examination. A detailed colposcopic examination is recommended for 
macroscopic lesions or lesions that cannot be seen with the naked eye.

The rectovaginal examination is also recommended to assess parametrial and 
pelvic sidewall involvement, as well as probable rectal involvement.

The most prevalent site of primary vaginal carcinoma is the posterior wall of the 
upper third of the vagina. According to review research, more than half of the tumors 
in the upper, middle, and lower thirds of the vaginal wall originated in the posterior 
vaginal wall in 50, 20, and 30% of cases, respectively [7, 20]. A mass, plaque, or ulcer 
can all be signs of a lesion. To assess metastatic disease, a focused physical examina-
tion is conducted. The inguinal region, in particular, should be checked for pathologi-
cally enlarged lymph nodes.

A vaginal cytology specimen should be obtained during the pelvic examina-
tion. Twenty percent of vaginal cancers are discovered incidentally during cytology 
screening for cervical cancer [21].

If a lesion cannot be visualized and cytology results are abnormal, acetic acid 
colposcopy of the cervix and vagina should be performed, followed by Lugol’s iodine 
staining. If a large lesion is visible, some specialists additionally recommend vaginal 
colposcopy to evaluate the rest of the vagina.

Biopsy of abnormal areas of the vagina in the office may be performed with punch 
forceps (Baker or Keyes) or cervical biopsy forceps (Tischler or Burke). Examination 
under anesthesia may be required for examination and biopsy in women with the 
significant vaginal stricture that prevents adequate office examination, older adult 
women, or if cystoscopy and proctoscopy are required for clinical staging.

The only imaging studies part of the International Federation of Gynecology and 
Obstetrics (FIGO) staging for vaginal cancer are chest and skeletal radiographs.

Modern imaging techniques, such as computed tomography (CT), magnetic 
resonance imaging (MRI), and 18-fluoro-2-deoxyglucose-positron emission 
tomography and CT (FDG-PET/CT), can help plan treatment. MRI may help 
determine the size and local extent of the primary vaginal tumor [22, 23]. T2 imag-
ing is usually the best way to see vaginal tumors, and dripping gel into the vaginal 
canal to expand the vaginal walls can help visualize and evaluate the tumor’s 
thickness. Primary vaginal tumors and abnormal lymph nodes can also be assessed 
using FDG-PET [24].

4. Diagnosis

Vaginal cancer is a histologic diagnosis based on vaginal biopsy and the absence of a 
history of gynecologic malignancy may better identify the vaginal disease as recurrent 
cancer rather than a new primary disease.



Clinical Diagnosis and Management of Squamous Cell Carcinoma

4

4.1 Differential diagnosis

The first step in determining the cause of vaginal bleeding is to rule out bleeding 
from other areas of the genital tract. A pelvic examination is often used to accomplish 
this.

Menopausal women may experience vaginal bleeding due to vaginal atrophy. 
Bleeding can also be caused by a vaginal infection, inflammation, or trauma. A 
dermatological condition occasionally causes vaginal bleeding (e.g., toxic epidermal 
necrolysis). Bleeding from these etiologies may result in focal bleeding from a fissure 
or laceration, which is not usually the case with vaginal cancer. Or there may be ulcer-
ation or extensive bleeding, which can also occur with vaginal cancer. A vaginal mass 
may be benign, such as cysts of the ductus Gartner, vaginal polyps, vaginal adenosis, 
endometriosis, or dermoid cysts (rare) [25].

4.2 Histopathology

Primary vaginal tumors form a heterogeneous group of malignancies. They may 
be multicentric and involve many areas, so the entire vaginal mucosa is at risk and 
should be examined.

The majority of vaginal cancers are squamous cell carcinomas. As previously 
stated, the average age at diagnosis for squamous cell carcinomas is around 60 years 
[26]. Tumors can be nodular, ulcerative, indurated, endophytic, or exophytic in 
general. They resemble squamous cell tumors in other regions histologically. Vaginal 
cancer is also associated with the human papillomavirus (HPV). The vaginal epithe-
lium, on the other hand, is more stable than the cervical epithelium, which undergoes 
constant metaplasia and is hence less susceptible to oncogenic viruses [27].

Verrucous carcinoma is an uncommon type of vaginal squamous cell carcinoma 
that is well-differentiated and has a small probability of becoming malignant [28]. It 
is usually a large, warty, fungal mass that is locally aggressive but rarely metastasizes. 
Histologically, it consists of large papillary sheets covered with dense keratin. The 
deep margin forms a driving edge of well-aligned rete ridges, in contrast to the well-
demarcated margins of benign condyloma acuminata.

4.3 Staging

A clinical staging system for vaginal cancer is used by the International 
Federation of Gynecology and Obstetrics (FIGO) and Tumor, Node, and Metastasis 
(TNM) [29–31].

Physical examination, cystoscopy, proctoscopy, and chest and skeletal radiographs 
are used to determine clinical staging. The results of biopsy or fine-needle aspiration 
of inguinal/femoral nodes or other nodules may be included in the clinical stage. In 
addition to clinical staging data, information from the resected specimen, including 
pelvic and peritoneal lymph nodes, will be used as indicated by the TNM system.

In a review of five series with 1375 cases of vaginal cancer, patients were differenti-
ated according to FIGO stage: stage I (26%), stage II (37%), stage III (24%), and stage 
IV (13%) [32].

Vaginal tumors can spread locally and in various ways systemically:

• Direct extension to the soft tissue structures of the pelvis: parameters, bladder, 
urethra, and rectum. Eventually, the bony pelvis may also be affected.
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• Lymphatic spread to the pelvic and para-aortic lymph nodes. The lymphatic 
drainage of the upper vagina connects with the cervix and continues first to the 
pelvic nodes and then to the paraaortic nodes. In comparison, the lymphatics of 
the distal third of the vagina drain first to the inguinal and femoral nodes and 
secondarily to the pelvic nodes.

• Hematogenous spread to other organs, including lungs, liver, and bone, is usually 
seen late and in histopathologically rare lesions.

4.4 Treatment

Because of its rarity, no randomized trials describe the treatment of vaginal 
cancer. Instead, the treatment approach of cervical and anal cancer is predicted. In 
addition, treatment plans should be individualized according to the tumor’s location, 
size, and clinical stage. This was supported by a review from a single institution, 
which showed that tumor stage, location, and size were significant prognostic factors 
in patients with vaginal cancer [33]. In addition, treatment should consider the 
following:

• Local anatomic constraints (e.g., removal of internal genitalia, supporting struc-
tures, rectosigmoid, lymphatics, and bladder) prevent wide negative surgical 
margins without an exenterative surgery.

• Psychosexual problems, including the patient’s desire to obtain a functioning 
vagina.

• For most patients with stage I tumors, we recommend surgical excision. 
However, radiation therapy (RT) may be appropriate in some patients, especially 
for tumors >2 cm or lesions involving the mid to lower vagina.

• Radiotherapy is also used for tumors in the mid to lower vagina because of 
anatomic difficulties, as surgical resection of tumors at this site often requires 
vulvovaginectomy and inguinal node dissection to achieve negative margins and 
acceptable oncologic outcomes [34]. On the other hand, surgical resection is 
more appropriate for patients with lesions in the upper posterior vagina because 
the anatomy is preserved.

• We usually prefer RT to surgery because negative margins are difficult to achieve 
in tumors bigger than 2 to 3 cm in diameter [35]. Even if surgical resection is 
performed, obtaining an appropriate margin is challenging if the lesion is located 
close to the bladder or rectum.

If the tumor is located in the distal part of the vagina, the inguinal lymph nodes 
should also be examined.

Surgical: A radical hysterectomy, upper vaginectomy, and bilateral pelvic lymph-
adenectomy are required for the vaginal cancer approach. If hysterectomy has been 
performed previously, radical vaginectomy and bilateral lymphadenectomy should 
be performed to complete surgical treatment. When patients with stage I vaginal 
cancer are treated surgically, they appear to have the best results. This was supported 
by a literature review that showed that patients with early-stage disease had a median 
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five-year survival rate of 77%, much better than that of patients with late-stage 
disease, whether or not adjuvant RT was applied [6, 36].

Radiation therapy: For some patients, radiation alone is a sufficient treat-
ment. For example, in a series of 91 women treated at a single institution, results 
obtained with modern RT for early-stage vaginal cancer were shown: In stage I 
patients (n = 38), the two-year overall survival rate, regional control rate, and 
distant metastasis-free survival rate were 96.2%, 80.6%, and 87.5%, respectively 
[20]. More than 2500 vaginal cancer patients were studied in the Surveillance, 
Epidemiology, and End Results (SEER) trial, which indicated that treatment with 
brachytherapy was better with 3.6 median survival years, rather than 6.1 years with 
external radiation alone [37].

A total radiation dose of at least 70 to 75 Gy is commonly suggested, with 45 to 
50 Gy of external beam radiation and additional radiation provided via intracavitary 
or interstitial brachytherapy radiation, depending on the thickness of the primary 
tumor. Pelvic lymph nodes rimmed vaginal tumors, vaginal and paravaginal tissues, 
and inguinal lymph nodes should all be exposed to external radiation if the vaginal 
tumor is in the lower half of the vaginal canal. Brachytherapy radiation should be 
given immediately after the completion of external radiation. Vaginal tumors less 
than 5 mm thick can be treated using a vaginal roller or similar applicator, however 
tumors thicker than 5 mm require interstitial therapy for appropriate dosage and 
normal tissue preservation [38].

Surgery is usually not an option for patients with more advanced stages than II to 
IV. We frequently replace chemoradiotherapy for RT because of the relatively poor 
results of RT alone. However, given the lack of high-quality data on the benefits of 
chemoradiation, RT is a reasonable alternative, especially for patients who, for some 
reason, are not eligible for cisplatin-based chemotherapy.

Chemoradiation: In patients with advanced vaginal cancer, concurrent use of RT 
with chemotherapy (fluorouracil [FU] and/or cisplatin) is our preferred approach due 
to the usual issues associated with central tumor control. Because of the poor progno-
sis with radiation alone (predominantly local failures) [39], we often proceed to the 
combined use of radiation and concomitant chemotherapy in women with high-risk 
disease (e.g., stage III or IV or tumor size greater than 4) [40–42]. This is mainly 
based on extrapolating better results with chemoradiation for locally advanced cervi-
cal cancer treatment.

There are few data to support this approach, particularly in vaginal cancer, and 
these are mostly limited to small retrospective series [40, 42–44], which consistently 
show high rates of locoregional control after chemoradiotherapy and long-term 
radiation-related side effects. Compared to RT alone, it does not look worse. However, 
whether chemoradiation is beneficial for these patients or not is not entirely clear 
because of limited data:

• Most of these studies examined women with stage I disease or II, limiting their 
applicability to these patients.

• Because of the disease’s rarity, no randomized clinical trials have been 
performed.

In a study of 71 patients, 20 patients who received definitive RT concomitant 
chemotherapy and 51 who did not receive chemotherapy were evaluated. It was 
found that 3-year and overall survival were statistically significantly longer in the 
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chemosensitive group, and disease-free survival rates were also longer in the chemo-
therapy group [45].

For patients with stage II to IV disease who are not considered candidates for 
chemoradiotherapy, RT (with intracavitary or interstitial therapy, depending on 
tumor thickness) is a reasonable alternative [39, 40, 46–49].

However, results after RT alone in advanced disease are not as good as in patients 
with stage I disease. In the same series from a single institution mentioned above, 
the two-year overall survival rate, regional control rate, and distant metastasis-free 
survival rate by stage were as follows [20]:

• Stage II – 92.3%, 64.7%, and 84.6%, respectively

• Stage III – 66.6%, 44.4%, and 50%

• Stage IV – 25%, 14.3% and 25%

In patients with advanced disease, surgery as a primary treatment modality is 
associated with poorer outcomes than chemoradiotherapy. For example, in a litera-
ture review, the mean five-year survival rates for patients with stage II, III, and IV 
disease after surgery were 52, 44, and 14%, respectively, with or without adjuvant 
radiotherapy [36].

In addition, negative margins in women with large or extensive lesions are usually 
challenging to achieve without sacrificing the bladder or rectum.

Neoadjuvant therapy: Radical surgery after neoadjuvant chemotherapy is a 
promising alternative to RT for these patients. However, we consider it mostly experi-
mental until further data becomes available.

In a small prospective study of 11 patients with stage II disease who previously 
had three courses of 21 days of paclitaxel (175 mg/m2) and cisplatin (75 mg/m2) 
chemotherapy, the potential role of neoadjuvant therapy was demonstrated. 91% of 
these patients had a clinical response after neoadjuvant chemotherapy, and all were 
able to undergo surgical resection. The pathological complete response rate was 
27% [50].

5. Complications

10–15% of patients with vaginal cancer will develop treatment-related complica-
tions [51]. These include rectovaginal or vesicovaginal fistulas, radiation cystitis or 
proctitis, rectal and vaginal strictures, and rarely vaginal necrosis. The proximity of 
the urethra, bladder, and rectum predisposes these structures to injury from surgery 
or radiation.

After radiation, women are advised to use a vaginal dilator to minimize the extent 
of vaginal stenosis. In general, we recommend that women start using the dilator 
one week after completing radiation and use it daily. Women who are sexually active 
regularly may need to use the dilator less frequently.

Women under 40 years of age who receive radiation for vaginal carcinoma are at 
higher risk for radiation-induced early menopause. In numerous ways, attempts to 
minimize the toxicity of radiation exposure by moving the ovaries to the back of the 
uterus or the lateral pelvic walls (oophoropexy) have been successful [52, 53]. It is 
recommended to perform oophoropexy in selected cases.
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5.1 In case of recurrence

Recurrent patients may be candidates for surgery. However, for those who are not 
candidates for surgery for any reason, treatment options are rather limited because of 
the lack of prospective studies on this disease.

In patients with central recurrence and no other foci of disease, pelvic exentera-
tion may be therapeutic with or without vaginal reconstruction [54–56]. Exenteration 
may also be considered in stage IVa patients, especially if a rectovaginal or vesicovagi-
nal fistula is present.

Chemotherapy’s role in recurrent or advanced vaginal cancer patients is unclear. 
Therefore, we administer chemotherapy to patients with recurrent vaginal cancer 
when there are no alternatives (e.g., surgery or radiotherapy [RT]) or when there 
is evidence of metastatic disease outside the pelvis. However, patients and provid-
ers should be aware that there is a lack of high-quality data to inform whether the 
benefits of treatment justify the toxicities associated with systemic chemotherapy. In 
the absence of clear benefits, these patients should be referred to palliative care when 
appropriate [57–60].

Cisplatin was recommended based on the experience of the Gynecological 
Oncology Group, which included 26 patients with advanced disease. Although 
the dose of cisplatin was sub-therapeutic by modern standards, these patients had 
insignificant activity (50 mg/m2 every three weeks) [57]. Combination therapy 
with bleomycin, vincristine, mitomycin, and cisplatin also appears to be relatively 
ineffective in patients with advanced or recurrent disease, although it shows 
marked efficacy in early disease [58]. In patients with early-stage squamous vaginal 
carcinoma, anecdotal findings suggest an activity for carboplatin, a combination 
of vinblastine, bleomycin, and cisplatin, and irinotecan, as well as cisplatin  
[26, 59, 60]. However, a large series of these regimens is lacking to confirm activity 
in advanced disease.

6. Post treatment follow-up

The optimal surveillance strategy has not yet been determined, and clinical 
practice varies. We agree with the recommendations of the Society of Gynecological 
Oncology (SGO) [61]:

• Review of symptoms and physical examination:

• For low-risk disease (early stage, treated surgically only, no adjuvant therapy) - 
Every six months for the first two years and annually after that.

• For high-risk disease (advanced stage, treated with primary chemo/radiotherapy 
or surgery plus adjuvant therapy) - Every three months for the first two years, 
every six months for years 3 through 5, and annually after that.

• Cervical cytology (or vaginal cytology if the cervix has been removed) annually. 
However, the evaluations concluded that there is insufficient evidence to support 
the use of cytology to detect cancer recurrence but that it may help detect other 
neoplasms of the lower genital tract.
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• Routine use of imaging studies is not recommended. Computed tomography 
(CT) and/or positron emission tomography (PET) should be performed if recur-
rence is suspected.

• If abnormalities are discovered during a physical examination, a vaginal  
colposcopy and biopsy are indicated.

Given the risk of multifocal vaginal illness and other human papillomavirus 
(HPV)-related diseases like cervical, vulvar, and anal neoplasia, these patients should 
also be screened for these diseases.

Following the therapy, sexual dysfunction and body image changes are prevalent 
and should be addressed during follow-up visits [62, 63].

7. Prognosis

The stage at presentation, which reflects the extent and depth of tumor penetration, 
is the most critical variable impacting the prognosis [13, 46, 49, 64–67]. Data from the 
United States National Cancer Database, for example, have shown an increased risk of 
death in women with stage II or higher disease and/or vaginal cancer with tumor size 
>4 cm (five-year survival 65% vs. 84 percent for tumors ≤4 cm), and the mortality rate 
for women with melanoma was 51% higher than for squamous cell carcinoma [67]. The 
lower survival rates in women with vaginal cancer compared with those with cervical 
or vulvar cancer may reflect the high rate of vaginal tumors diagnosed at an advanced 
stage and the potential for treatment complications that preclude aggressive treatment.

8. Conclusion

The stage at presentation, which indicates the degree and depth of tumor penetra-
tion, is the most critical variable impacting the prognosis in primary vaginal squa-
mous cell cancer. The lower survival rates in women with primary vaginal cancer than 
those with cervical or vulvar cancer are related to a high diagnosis rate of advanced-
stage vaginal tumors at baseline and potential treatment complications that preclude 
aggressive treatment.
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Chapter 2

Squamous Cell Carcinoma 
of Bladder
Ferhat Cetin and Özer Birge

Abstract

Urinary bladder tumors are the second most common malignancy of the urinary 
system. In 2012, the global age-standardized incidence rate (per 100,000 person/
years) was reported as 9.0 for men and 2.2 for women. Usually, bladder cancers are 
seen in middle and old-aged people. In the United States, the average age for getting 
a diagnosis was 72 years. It was reported that 90% of newly diagnosed patients were 
above 60 years and rarely below 35 years. Bladder tumors relapse approximately 
50–75% within 5 years after diagnosis, and progressions occur in 10–20% of them. 
While the five-year survival rate of organ-confined disease is 94%, the survival rates 
of locally invasive and metastatic tumors varied between 6 and 49%. Most of the 
bladder urothelial carcinomas diagnosed in patients under 40 years of age are low-
grade and stage I, and the 5-year survival rate is around 97%.

Keywords: bladder, urinary system, squamous cell carcinoma

1. Introduction

Bladder cancer is the most frequent genitourinary malignancy in both men and 
women. They are divided into two groups—urothelial and nonurothelial.

2. Anatomy

The bladder is located in the midline just behind the pubic bone. The bladder is 
separated from the pubic bone by the retropubic space, also known as the Retzius space, 
including the Santorini venous plexus. The symphysis pubis, laterally the pelvic side-
walls, posteriorly and inferiorly the lower uterine segment, anterior cervix, and vagina 
are the bladder’s boundaries. The obliterated umbilical artery and urachus correspond 
to the upper border of the bladder. The urachus connects the developing bladder to the 
umbilicus in the fetus. After birth, the urachus curves into the median umbilical liga-
ment, which connects the apex of the bladder to the anterior abdominal wall. Sometimes, 
the urachus remains patent. The bladder dome is located next to the anterior abdominal 
wall’s parietal peritoneum. The bladder is pushed into the vesicouterine space by the 
peritoneum below. The bladder’s thick parts are retroperitoneal. The bladder is an organ 
that has the ability to expand. When empty, it has the shape of a pyramid. The tip points 
to the pubic bone. It becomes a sphere when it is full, with a capacity of about 400–500 cc 



Clinical Diagnosis and Management of Squamous Cell Carcinoma

18

in a healthy adult individual, and it changes from a pelvic to an abdominal organ in this 
state. When the dome is completely filled, the dome’s structure becomes thinner than 
the dome’s other parts. As a result, emptying the bladder with the aid of a catheter before 
beginning pelvic surgery can assist in preventing bladder injuries. The upper dome and 
lower floor are present in the bladder. The bladder floor, which comprises the trigone 
and detrusor ring, is located directly on the anterior wall of the vagina. Thickening of 
the detrusor muscle is a thickening that does not change directly with bladder filling. The 
area between the two ureteral orifices and the internal urethral meatus is known as the 
bladder trigone. The two ureteral orifices and the internal urethral meatus are 3 cm apart. 
The intraurethral ridge is a rise in the trigone between the ureteral orifices [1].

The bladder wall is made up of four layers:

a. Urothelium

 The urothelium is the bladder’s innermost layer, consisting of transitional epithe-
lial cells. Bladder cancer originates in the urothelial layer.

b. Lamina propria

 A thin basement membrane separates the lamina propria (subepithelial con-
nective tissue) from the urothelium. This layer consists of rich connective tissue 
containing vascular and neuronal structures. Thin, smooth muscle fibers may be 
present in the middle of this layer, partially or as a separate layer, along with the 
vascular plexus. This area is also called muscular mucosa.

c. Muscularis propria

 The muscularis propria (detrusor muscle) are thick, interlocking, irregular 
muscle bundles surrounding the lamina propria. When the bladder contracts, the 
detrusor muscle’s plexiform structure is ideal for reducing all lumen dimensions. 
Small muscle fibers in the lamina propria (muscularis mucosa) described above 
can be confused with this layer in small biopsies, potentially leading to incorrect 
tumor staging. The lamina propria and/or muscularis propria may include adi-
pose tissue. Therefore, the presence of a tumor in adipose tissue does not always 
indicate extravesical spread.

d. Serosa (adventitia)

 It is the name for the perivesical adipose tissue outside the muscularis  
propria [1, 2].

The superior and inferior vesical arteries, which arise from the anterior branch of the 
internal iliac artery, give blood to the bladder. The pelvic and hypogastric nerve plexuses’ 
parasympathetic and sympathetic autonomic fibers supply bladder innervation [1].

3. Epidemiology

Nonurothelial bladder cancer makes up fewer than 5% of all bladder tumors [3]. 
About 90% of nonurothelial bladder cancers are epithelial in origin. Most of them 
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are squamous cell carcinomas; other rare types are adenocarcinomas and small cell 
carcinomas. Non-epithelial tumors include sarcomas, carcinosarcomas, paraganglio-
mas, melanomas, and lymphomas.

4. Pathogenesis and risk factors

The pathogenesis of nonurothelial bladder cancers is not fully understood. The pres-
ence of chronic infection and metaplasia development are believed to be crucial factors 
in tumorigenesis. Alternative hypotheses include the development of nonurothelial 
bladder cancers from pre-existing urothelial (transitional cell) carcinomas undergoing 
metaplasia [4] and tumor growth from multipotent stem cells in the bladder.

Chronic infection and inflammation cause tissue metaplasia, resulting in the develop-
ment of either squamous epithelium and leukoplakia or mucous and glandular epithe-
lium. The factors that cause neoplastic transformation, on the other hand, are unknown.

• Squamous cell carcinomas are frequently associated with squamous metaplasia 
and occur in 16–28% of leukoplakia patients [5, 6].

• Adenocarcinoma has been linked to two models of metaplasia. Invagination of 
hyperplastic epithelial buds into the lamina propria causes cystitis cystica, which 
can progress to metaplasia and cystitis glandularis and is linked to vesical adeno-
carcinoma. Hyperplasia of epithelial mother cells is shown in a second pattern, 
but there is no invagination into the lamina propria.

Both non-schistosomal and schistosomal bladder cancer are associated with 
chronic urinary tract infections (UTIs). Infection may play a role in the development 
of bladder cancer through a variety of mechanisms, including:

• Predisposition to metaplasia is the first step in carcinogenesis.

• Gram-negative bacteria, such as Escherichia coli and Proteus mirabilis, create nitro-
samines, which are extremely carcinogenic metabolites. Carcinogenesis results 
from the formation of DNA adducts and possibly by other mechanisms [7–12].

• Inflammatory cells’ production of reactive oxygen species in response to infec-
tion causes DNA damage and the activation of additional carcinogens.

5. Clinical presentation

Patients with nonurothelial bladder cancer often have painless hematuria (visible 
or microscopic), but irritating urination symptoms (frequency, urgency, and dysuria) 
may be the initial indicator, similar to urothelial carcinomas.

Nonurothelial bladder cancers have a variety of less common presentations, including:

• Mucusuria has been described in bladder adenocarcinomas and is more 
 common in urachal adenocarcinomas than in non-urachal adenocarcinomas.

• The presence of an abdominal mass is more common in urachal adenocarcinoma 
compared to in non-urachal adenocarcinoma.
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6. Diagnostic evaluation

Cystoscopy is the gold standard for diagnosing a patient with a suspected blad-
der neoplasm, and cystoscopic biopsy typically gives tissue for a definite diagnosis. 
Compared to urothelial cancers, non-urothelial tumors are more likely to be muscle-
invasive at diagnosis and more likely to be staged at the time of surgery because precise 
pathological staging is available. Therefore, as a group, non-urothelial tumors occur 
at a more advanced stage and contribute to a worse prognosis compared to urothelial 
cancers [13]. However, an interesting observation is that urachal cancers tend to have a 
better prognosis at presentation than urothelial cancers at a similar stage (Table 1) [14].

Primary tumor (T)

T category T criterion

TX Primary tumor unknown

T0 No evidence of primary tumor

Ta Noninvasive papillary tumor

Tis Carcinoma in situ: “Flat tumor”

T1 Invasive to the lamina propria

T2 Invasive into the muscularis propria

pT2a Invasive into the superficial muscularis propria

pT2b Invasive into the deep muscularis propria

T3 Invasive perivesical adipose tissue

pT3a Microscopic

pT3b Macroscopic

T4 Extravesical tumor invasive of either the prostatic stroma, seminal vesicle, uterus, vagina, 
pelvic wall, or abdominal wall

T4a Extravesical tumor invading the prostatic stroma, seminal vesicle, uterus, and vagina

T4b Extravesical tumor of the pelvic wall, invasive into the abdominal wall

Regional lymph nodes (N)

N category N criterion

NX Lymph node metastasis unknown

N0 No lymph node metastases

N1 Single regional lymph node metastasis in the true pelvis (perivesical, obturator, internal iliac, 
external iliac, or sacral lymph node)

N2 Multiple regional lymph node metastases in the true pelvis (perivesical, obturator, internal iliac, 
external iliac, or sacral lymph nodes)

N3 Common iliac lymph node metastasis

Distant metastasis (M)

M category M criterion

M0 No distant metastases

M1 There is distant metastasis

M1a Distant metastasis limited beyond the common iliac
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7. Overview of the treatment approach

The treatment of nonurothelial bladder tumors is mainly based on retrospective 
series and small trials due to their rarity and heterogeneity. As a result, the approach 
to patients with urothelial bladder cancer is frequently used to estimate treatment.

Cystectomy is the primary treatment for patients with localized illness. This should 
include a lymph node dissection with radical cystectomy for individuals with squamous 
carcinoma, adenocarcinoma, or schistosomal bladder cancer (regardless of histology).

Nonurothelial carcinomas of the bladder, ureter, or renal pelvis are not recommended 
for preoperative or postoperative chemotherapy because they are less responsive to 
chemotherapy than urothelial carcinomas and were not included in the phase III trials.

Although radiation therapy (RT) before cystectomy may play a role in schis-
tosomal bladder cancer, it is not a standard treatment approach for other bladder 
tumors [15, 16]. There are no high-quality data on the role of chemotherapy and/or 
RT as adjuvant therapy.

Palliative care, RT, or chemotherapy are options for patients with advanced nonu-
rothelial bladder cancer who are not candidates for surgery, including those with 
metastatic disease. Such patients should participate in clinical trials whenever possible. 
However, a trial of chemotherapy is reasonable in patients who are candidates for 
chemotherapy and are in good performance status. When deciding on treatment, it 
should be kept in mind that there are no prospective data that provide information on 
the benefits of treatment compared with the risks associated with treatment.

Because trials for certain groups of nonurothelial carcinomas are not common, 
these patients are often candidates for early phase clinical trials and “basket studies” 

Distant metastasis (M)

M category M criterion

M1b Presence of distant metastases without lymph node metastasis

Prognostic staging groups

When T is like this When N is like 
this

When M is like this The staging group goes like this

Ta N0 M0 0a

Tis N0 M0 0is

T1 N0 M0 I

T2a N0 M0 II

T2b N0 M0 II

T3a, T3b, T4a N0 M0 IIIA

T1-T4a N1 M0 IIIA

T1-T4a N2, N3 M0 IIIB

T4b Any N M0 IVA

Any T Any N M1a IVA

Any T Any N M1b IVB

Table 1. 
AJCC cancer staging 2017.
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that allow enrollment of tumors with specific mutations that are considered “vulner-
able” to the drug being offered. According to case reports, nonurothelial malignancies 
may react to targeted agents found by molecular profiling techniques, such as next-
generation sequencing [17, 18]. Patients with potentially actionable mutations in their 
tumors should be included in clinical studies that capture molecular, response, and 
outcome data prospectively whenever possible [19, 20].

8. Squamous cell carcinoma

In North America and Europe, squamous cell carcinoma accounts for 3 to 5% of 
bladder cancers and 75% of bladder cancers in areas where Schistosoma haematobium 
infection is endemic.

Risk factors associated with the development of squamous cell carcinoma include 
chronic or recurrent urinary tract infections (UTIs), bladder stones, pelvic radiother-
apy (RT), previous intravesical Bacillus Calmette-Guerin (BCG) therapy, and pro-
longed cyclophosphamide treatment, especially when complicated by hemorrhagic 
cystitis, in addition to schistosome infection [3]. Although smoking raises the risk of 
squamous cell carcinoma [21, 22], an observational study with long-term follow-up 
reveals that patients with pure squamous cell carcinoma are more likely to be female 
and have never smoked than patients with urothelial carcinoma [23]. In some stud-
ies, chronic indwelling catheters have also been associated with an increased risk of 
squamous cell carcinoma, while the relationship is controversial.

Although the design of these studies and the prevalence of squamous cell cancer 
and adenocarcinoma in these patients may have precluded a statistically significant 
result, two large population-based studies in patients with spinal cord injury did 
not find an increased risk of bladder cancer [24, 25]. However, muscle invasion 
was more common in bladder cancer detected in patients with neurogenic bladder, 
and researchers preferred intermittent catheterization to indwelling catheters [25]. 
Although some investigators have recommended regular screening cystoscopies 
for patients with spinal cord injury, no studies have proved a benefit of screening, 
perhaps because of the extremely low incidence of cancer in these patients [26, 27].

Surgery is the primary treatment for squamous cell carcinoma. Preoperative RT is 
appropriate, especially when complete resection is possible due to suspected locally 
advanced disease.

The role of surgery is supported by observational and retrospective data. In a 
study of 1422 patients diagnosed with bladder cancer between 1988 and 2003, the 
two-year all-cause mortality rate following cystectomy ranged from 11% in men 
with stage I disease to 72% in men with stage IV disease, according to the results 
of a Surveillance, Epidemiology, and Final Results (SEER) database analysis [28]. 
Squamous cell carcinoma histology was statistically associated with worse prognosis 
outcomes than urothelial bladder cancer histology when age, gender, race, and start-
ing treatment were classified equally for both groups.

The tendency for local recurrence of bladder squamous cell carcinoma after 
radical cystectomy provides the rationale for preoperative or postoperative RT with 
or without radiosensitizing chemotherapy. Unfortunately, due to the small number of 
patients included, bias in patient selection, and treatment heterogeneity, the quality 
of available data is limited.

Because of the risk of intestinal toxicity and the difficulty of determining an 
appropriate RT treatment region after bladder removal, preoperative RT is preferable 
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to postoperative therapy in such cases. However, several retrospective case series have 
indicated potential benefits of adjuvant or neoadjuvant RT [29–32]. There has only 
been one prospective study on schistosomiasis infection, and the results may not 
apply to non-schistosomal squamous cell carcinoma.

Postoperative RT is a reasonable option for patients with locally progressed 
squamous cell bladder cancer following radical cystectomy unsuitable for or refusing 
adjuvant chemotherapy. New evidence supports its usage in patients with surgical 
margins that are positive [33]. In preliminary results of a randomized phase III trial 
of 123 patients with locally advanced bladder cancer (51% with urothelial carcinoma 
and 49% with squamous cell carcinoma or other carcinomas) after radical cystectomy 
versus adjuvant chemotherapy, RT improved local control (two-year local disease-free 
survival 92% vs. 69%, HR 0.28, 95% CI 0.10–0.82) [34]. The two treatment arms had 
similar disease-free survival, distant metastasis-free survival, and overall survival. 
Similar results were seen in a subgroup of patients with urothelial carcinoma [35].

Radiation combined with radiosensitizing chemotherapy (as is done for squa-
mous cell carcinoma of the head and neck, anus, and uterine cervix) is a reasonable 
approach for patients with locally advanced, unresectable squamous cell carcinoma of 
the bladder, especially since these tumors tend to be locally aggressive. However, there 
are few forward-looking data to guide treatment.

Data from the phase III study BC2001 demonstrate efficacy for fluorouracil and 
mitomycin given with RT compared to RT alone in patients with high-grade muscu-
lar-invasive bladder cancer, who tend to have improved local and regional control and 
better survival [36]. Only 2.7% of patients in this trial had adenocarcinoma or squa-
mous cell carcinoma, and there was no difference in outcomes compared to urothelial 
cancer. In patients with squamous cell carcinoma of the anus, a very comparable 
regimen is effective and well-tolerated; thus, extrapolation to squamous cell cancer 
of the bladder may be reasonable, especially in patients who are poor candidates for 
platinum-containing chemotherapy [37, 38].

Limited data suggest that squamous cell carcinoma tends to be locally advanced or 
worse at diagnosis and relatively resistant to chemotherapies used for metastatic uro-
thelial carcinoma [23, 39–41]. We prefer that these patients participate in a prospec-
tive clinical trial in view of these results. The encouraging results of immunotherapy 
with T-cell checkpoint inhibitors using atezolizumab or pembrolizumab in advanced 
urothelial carcinoma previously treated with platinum-based therapy [42, 43], as 
well as the results of immunotherapy in patients with squamous cell carcinoma of the 
lung and head and neck tumors, support the inclusion of patients with squamous cell 
carcinoma of the urinary bladder in clinical trials, and we, therefore, continue to seek 
such trials for these patients [42, 43].

Treatment regimens used to treat metastatic urothelial cancer could be tried in the 
absence of a clinical trial. Based on phase II trial data in which six patients with blad-
der squamous cell carcinoma were treated with satisfactory results, similar to urothe-
lial cancer patients in the same study, we recommend the combination of carboplatin, 
gemcitabine, and paclitaxel [44]. The experience from this trial is reproducible in our 
clinical practice for advanced squamous cell carcinoma of the bladder.

9. Prognosis

It is unclear whether nonurothelial bladder cancers have a worse prognosis, espe-
cially after controlling for stage and grade. After controlling for gender, stage, and 
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grade, a multi-institutional study of 1131 consecutive patients (including 1042 with 
urothelial carcinoma and 89 with nonurothelial bladder cancer) found no differences 
in five-year survival following radical cystectomy [45].

10. Conclusion

Urothelial and nonurothelial bladder cancers are the two types of bladder cancer. 
Nonurothelial bladder cancers are further divided into epithelial and non-epithelial. 
Squamous cell carcinomas, adenocarcinomas, and small cell (neuroendocrine) 
tumors are epithelial cancers that account for around 90% of these cancers. Non-
epithelial cancers are rare and include sarcomas, carcinosarcomas, paragangliomas, 
melanomas, and lymphomas. The pathogenesis of nonurothelial bladder cancers is 
not fully understood. The presence of chronic infection and inflammation, as well as 
the development of metaplasia, are regarded to be important factors in tumorigenesis. 
Like urothelial carcinomas, nonurothelial bladder carcinomas often present with 
hematuria and bladder irritation. Mucusuria has been described in bladder adenocar-
cinomas and is more common in urachal types than in non-urachal adenocarcinomas. 
The presence of an abdominal mass may also suggest a diagnosis of adenocarcinoma 
of the urinary bladder. Infection with Schistosoma haematobium is associated with 
squamous cell carcinoma, urothelial carcinoma, and adenocarcinoma of the bladder. 
Nonurothelial bladder cancers account for 80% of bladder cancer cases in areas where 
such infections are endemic. We recommend surgery for most patients with non-
metastatic, nonurothelial bladder cancer. Adjuvant therapy does not have a defined 
role in most of these patients, although some patients may benefit from neoadjuvant 
or adjuvant radiotherapy, and patients with schistosomal bladder cancer may benefit 
from adjuvant chemoradiation. We recommend palliative treatment for patients with 
advanced bladder cancer who are not candidates for surgery. However, a trial of che-
motherapy is reasonable in patients who are candidates for chemotherapy and are in 
good performance status. When deciding on treatment, it should be kept in mind that 
there are no prospective data that provide information on the benefits of treatment 
compared with the risks associated with treatment. In patients with non-epithelial, 
nonurothelial bladder cancer, in the absence of better evidence, we use the most 
appropriate treatments for these tumor types when they occur elsewhere. However, it 
is important to ensure that metastatic disease is excluded.
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Abstract

It has been believed that identification of alterations in epigenetic profiles can be
used to distinguish not only between various types of malignancies but also between
different phases of cancer progression. As a result, epigenetic factors have a lot of
potential to become more accurate diagnostic and prognostic biomarkers for many
malignancies. Although DNA methylation is the most researched aspect of epige-
netics, only a few methylation markers are routinely used in clinical practice. DNA
methylation biomarkers, on the other hand, are expected to play a significant role in
the near future. To summarize, epigenetic regulation plays a critical role in cancer
development, and epigenetic biomarker analysis has a lot of potential to become
clinically useful. More research is needed to further develop and evaluate epigenetic
biomarkers' therapeutic use.

Keywords: epigenetics, biomarkers, cancer, tumour suppressor genes, oncogenes,
hypermethylation

1. Introduction

Cancer is a disease where some body’s cells grow uncontrollably and spread to
other parts of the body. The human cells can grow fast and multiply by cell division to
forming new cells as the body required. When cells are growing old, damaged, or die,
then new cells take their place. Sometimes the process of cycle breaks down, and
abnormal or damaged cells can grow and multiply. This abnormal growth of cells may
form tumours, which are lumps of tissue. Tumours can be divided into two types;
cancerous or not cancerous (benign). Cancerous tumours spread into, or invade,
nearby tissues which can travel to different places in the body to form new tumours
by a process called metastasis. Cancerous tumours are called as malignant tumours.
Sometimes benign tumours can also cause various serious symptoms in life; to be life-
threatening, such as benign tumours in the brain. Cancer has long existed for all of
human history [1]. In the earliest written history record, cancer has been circa 1600
BC in the Egyptian Edwin Smith Papyrus which is described as breast cancer [2].
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In the fifteenth to seventeenth centuries, it became accepted by doctors to dissect
bodies and discover the reason to cause of death [3]. According to German professor
Wilhelm Fabry, it was believed that breast cancer was caused due to a milk clot in a
mammary duct. His contemporary Nicolaes Tulp believed that it was a poison that can
spreads slowly through outcome chemical process and acidic lymph fluid [4].

Cancer is a kind of disease which involves abnormal cell growth with lot of poten-
tial to invade or spread to other parts of the body [5, 6]. These contrast with benign
tumours, which do not spread [7]. These symptoms including a lump, abnormal
bleeding, prolonged cough, unexplained weight loss and a change in bowel
movements [8].

Tobacco is one of the leading causes of cancer death, accounting for around 22% of
all cancer fatalities [9]. Obesity, poor diet, lack of physical activity and excessive
alcohol consumption account for another 10% of deaths [6–8]. Other concerns include
diseases, ionizing radiation exposure and exposure to contaminants in the environ-
ment [10]. Helicobacter pylori, hepatitis B, hepatitis C, human papillomavirus infec-
tion, Epstein-Barr virus and human immunodeficiency virus (HIV) cause 15% of
malignancies in the poor world [11]. Inherited genetic abnormalities are responsible
for 5–10% of cancer cases [12].

No smoking, maintaining a healthy weight, limiting alcohol intake, eating plenty of
vegetables, fruits and whole grains, vaccination against certain infectious diseases,
limiting consumption of processed meat and red meat and limiting exposure to direct
sunlight are all factors that can help prevent cancer [13, 14]. Cervical and colorectal
cancers can be detected early by screening [15]. The benefits of breast cancer screen-
ing are debatable [15]. Radiation therapy, surgery, chemotherapy and targeted ther-
apy are frequently used to treat cancer [5, 8]. In 15-year-old children who have been
diagnosed with cancer, the 5-year survival rate for cancer in the industrialized world is
on average 80%. The average 5-year survival rate in the United States is 66% [16].

About 8.8 million deaths were caused in 2019 (15.7% of deaths) [17]. The most
common types of cancer in males are lung cancer, prostate cancer, colorectal cancer
and stomach cancer [18]. In females, the most common types are breast cancer,
colorectal cancer, lung cancer and cervical cancer [19].

2. Causes of cancer

Genetic alterations generated by environmental and lifestyle factors cause 90–95%
of cancer cases [8]. Inherited genetics is responsible for the remaining 5–10% [8].
Environmental influences include, lifestyle, economic and behavioural factors, as well
as pollution, but they are not inherited. Tobacco use (25–30%), food and obesity (30–
35%), infections (15–20%), radiation (both ionizing and non-ionizing, up to 10%),
lack of physical activity and pollution are all common environmental factors that can
contribute to cancer death [8, 19]. Psychological stress does not appear to be a risk
factor for cancer start [19, 20], but it may affect outcomes in people who have already
been diagnosed with cancer [20].

3. Epidemiology

The cancer epidemiology provides the various types of essential information on
causes and population trends of these conditions. It is possible to establish timely and
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appropriate healthcare interventions aimed at developing efficient policies for pre-
vention, screening and diagnosis [1]. Recently, a concise overview on current cancer
epidemiologic data is described which was gathered from the official databases of the
World Health Organization (WHO) and American Cancer Society (ACS) in an
attempt of providing updated information on frequency, mortality and survival
expectancy of the 15 leading types of cancers worldwide. According to estimates,
there were 18.1 million new cancer diagnoses and 9.6 million deaths worldwide in
2018 [20] as shown in Figure 1. About 20% of males and 17% of females will
develop cancer at some point in their lives, with 13% of males and 9% of females
dying from it [20].

In 2008, around 12.7 million malignancies (excluding non-melanoma skin cancers)
were diagnosed, and nearly 7.98 million people died [18]. Cancer is responsible for
about 16% of all fatalities. Lung cancer (1.76 million deaths in 2018), colorectal cancer
(860,000), stomach cancer (780,000), liver cancer (780,000) and breast cancer
(620,000) are the most common [5]. Invasive cancer is thus the major cause of death
in developed countries and the second leading cause in developing countries [19]. The
developing world accounts for more than half of all cases [20].

In 1990, 5.8 million people died of cancer [18]. Longer life spans and lifestyle
changes in the developing countries have contributed to an increase in deaths [18].
Age is the single most important risk factor for cancer [19]. Although cancer can strike
at any age, the majority of people with aggressive cancer are over 65 [20].

Aging’s effect on cancer is complicated by factors such as DNA damage and
inflammation promoting it and factors such as vascular aging and endocrine changes
inhibiting it [20].

Leukaemia (34%), brain tumours (23%) and lymphomas (12%) are the three
most prevalent childhood cancers [20]. In the United States, one out of every 285
children is diagnosed with cancer. Childhood cancer rates grew by 0.6% per year in
the United States between 1975 and 2002 and by 1.1% per year in Europe between
1978 and 1997 [20].

Figure 1.
Estimates of deaths due to cancer in 2018.
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4. Types of cancer

A total of 100 cancer kinds have been found. Cancers are frequently called after
the organs or tissues in which they develop. Lung cancer, for example, begins in the
lungs, while brain cancer begins in the brain. Cancers can also be classified based on
the type of cell that caused them, such as epithelial or squamous cells. Most cancers are
named for the organ or type of cell in which they start—for example, cancer that
begins in the colon is called colon cancer; cancer that begins in melanocytes of the skin
is called melanoma. The following includes a description of the major cancer types.

4.1 Brain and central nervous system cancer

Cancers of the brain and central nervous system (CNS) are abnormal cell growths
in the brain and spinal cord tissues. Primary brain tumours are cancers that start in the
brain. A metastatic brain tumour is a tumour that begins in another part of the body
and travels to the brain.

It may be either benign (not cancer) or malignant (cancer). The symptoms of
brain and spinal cord tumours depend on where the tumour forms, its size, how fast it
is growing and the age of the patient. In adults, anaplastic astrocytomas and glioblas-
tomas make up about one-third of brain tumours. In children, astrocytomas are the
most common type of brain tumour. Seizures, drowsiness, confusion and behavioural
abnormalities are only some of the signs of brain cancer. Although the causes of brain
tumours are unknown, several risk factors include hereditary or genetic disorders, as
well as exposure to extremely high doses of radiation to the head. Surgery, radiation,
chemotherapy or steroid therapy, or a combination of these treatments, may be used
to treat brain tumours [20, 21].

4.2 Breast cancer

Breast cancer is a disease in which the cells of the breast grow out of control. It only
affects women. Ductal carcinoma is the most prevalent type of breast cancer, which
begins in the cells of the ducts. Breast cancer develops in the cells of the lobules and
other breast tissues. Breast cancer spreads to surrounding tissue from where it begins
in the ducts or lobules. Many forms of breast cancer can develop a lump in the breast,
but not all of them do. New lumps or thickening in the breast or under the arm, nipple
discharge or turning in, nipple ulcers, skin of the breast dimpling and rash or red
swollen breasts are some of the signs and symptoms. The causes of breast cancer are
unknown, but risk factors include increasing age, family history, inheritance of
mutations, exposure to female hormones (natural and administered), obesity (poor
diet and inadequate exercise) and excess alcohol consumption [22, 23].

4.3 Cervical cancer

Cervical cancer happens when abnormal cells on the cervix, the lower part of the
uterus (womb), grow out of control. Squamous cell carcinoma (which accounts for
80% of cases) and adenocarcinoma are two types of cervical cancer. The thin, flat cells
that border the cervix are where squamous cell cancer develops. Cervical cells that
produce mucus and other fluids are where adenocarcinoma originates. Because it
begins higher in the cervix, adenocarcinoma is less prevalent and more difficult to
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identify. Cervical cell alterations that occur early on rarely cause symptoms. Vaginal
bleeding in between periods, menstrual bleeding that is longer or heavier than
usual, bleeding after intercourse, pain during intercourse, unusual vaginal discharge,
vaginal bleeding after menopause, excessive tiredness, leg pain or swelling and low
back pain are some of the most common symptoms. Almost all occurrences of cervical
cancer are caused by long-term infections with certain forms of human papillomavi-
rus. The other major cause of cervical cancer is smoking. Cervical cancer can be
squamous cell carcinoma (accounting for 80% of cases) and adenocarcinoma. Squa-
mous cell carcinoma begins in the thin, flat cells that line the cervix. Adenocarcinoma
begins in cervical cells that make mucus and other fluids. Adenocarcinoma is less
common and more difficult to diagnose because it starts higher in the cervix. Early
changes in cervical cells rarely cause symptoms. The most common signs are
vaginal bleeding between periods, menstrual bleeding may be longer or heavier than
usual, bleeding after intercourse, pain during intercourse, unusual vaginal discharge,
vaginal bleeding after menopause, excessive tiredness, leg pain or swelling and low
back pain. Long-lasting infections with certain types of human papillomavirus cause
almost all cases of cervical cancer. The other main risk factor for cervical cancer is
smoking. Treatment may include surgery, radiation therapy, chemotherapy or a com-
bination. The choice of treatment depends on the size of the tumour and disease stage
[24, 25].

4.4 Oesophageal cancer

Oesophageal cancer forms in the tissues of the oesophagus. The most common
types of oesophageal cancer are squamous cell carcinoma and adenocarcinoma.
The upper and middle oesophagus are the most common sites for this malignancy;
however, it can arise anywhere throughout the oesophagus. Epidermoid carcinoma
is another name for this condition. Adenocarcinoma is a cancer that starts in
glandular (secretory) cells, which produce and leak mucus and other fluids. It
normally develops near the stomach in the lower section of the oesophagus.
Oesophageal cancer is increased by smoking, heavy alcohol consumption and Barrett
oesophagus. Barrett oesophagus and gastroesophageal reflux disease may raise the risk
of oesophageal cancer. Weight loss, hoarseness and cough and painful or difficult
swallowing are all signs and symptoms of oesophageal cancer. Because there are no
early indications or symptoms, oesophageal cancer is frequently identified at an
advanced stage. Doctors frequently prescribe combining multiple types of treatment
for persons with tumours that have not migrated beyond the oesophagus and lymph
nodes, such as radiation therapy, chemotherapy and surgery. The order in which
therapies are given varies depending on a number of criteria, including the type of
oesophageal cancer [26, 27].

4.5 Head and neck cancer

About 90% cases of cancers found in head and neck begin in the squamous cells
that line the moist, mucosal surfaces inside the head and neck and are known as head
and neck squamous cell carcinoma (HNSCC). HNSCC is the sixth leading cancer by
incidence worldwide. The tumour, node, metastasis (TNM) staging system may be
often used to classify patients with HNSCC and also based on the clinical, radiological
and pathological examination of tumour specimens [28]. Head and neck cancer area
may become metastatic and spread to several types of organs or tissues such as the
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brain and lung through lymphatic and blood vessels. Amplification of region 11q13,
7p11 and other chromosomal aberrations have also been linked to HNSCC progression
[29]. Tobacco usage and alcohol use are two of the most dangerous risk factors
associated to this malignancy: a lump or sore that does not heal, a persistent sore
throat, difficulty swallowing, a change or hoarseness in the voice and other symptoms
[30]. Patients with HNSCC have a 5-year survival rate of approximately 40%–50%. If
discovered and treated early, head and neck cancer is highly curable [31]. Chromo-
somal abnormalities such as amplification of region 11q13, 7p11, etc. are also associ-
ated with HNSCC aggravation [29]. There are several risk factors linked to this cancer,
the most vicious ones are tobacco use and alcohol consumption. Symptoms may
include a lump or sore that does not heal, a sore throat that does not go away, trouble
in swallowing, a change or hoarseness in the voice, etc. [30]. The 5-year survival rate
of patients with HNSCC is about 40%–50%. Head and neck cancer is highly curable if
detected and treated early [31]. Head and neck cancer can be managed either in
prophylactic manner, i.e. stoppage of alcohol consumption and smoking habit, grind-
ing of sharp cuspal teeth, ultrasonic scaling, etc. or through definitive management
such as surgical removal, chemotherapy, etc.

4.6 Liver cancer

Liver cancer is called as hepatic cancer or hepatocellular carcinoma. It starts from
the tissue of the liver. In other words, it is a primary liver cancer. Cancer is spread
from elsewhere to the liver, known as liver metastasis which is more common than
primary liver cancer. Liver cancer is rare in children and teenagers, but there are two
types of liver cancer that can form in children Cholangiocarcinoma is another name
for bile duct cancer. Intrahepatic cholangiocarcinoma is a type of cancer that begins in
the bile ducts of the liver. Extrahepatic cholangiocarcinoma is a type of cholangio-
carcinoma that begins in the bile ducts outside of the liver. Compared with
intrahepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma is substantially
more prevalent.

The signs and symptoms of liver cancer are often not felt or detected until the
illness has progressed significantly. Unintentional weight loss, loss of appetite, feeling
very full after eating, even if the meal was modest, feeling ill and vomiting, pain or
swelling in your abdomen (tummy), jaundice and itchy skin are some of the symp-
toms that might occur [32–34].

4.7 Leukaemia

Leukaemia is a hematopoietic stem cell–initiated heterogeneous disease which
occurs in abnormal blood cell proliferation in the bone marrow and peripheral blood
[35]. It can affect very fast (lymphocytes or myelocytes). The four main types of
leukaemia may include chronic lymphocytic leukaemia (CLL), acute lymphocytic
leukaemia, acute myelocytic leukaemia and chronic myelocytic leukaemia. Leukaemia
is usually present in white blood cells. However, red blood cells and platelets may also
become cancerous. Pain in the bones or joints, swollen lymph nodes that do not really
hurt, fever or night sweats, feeling weak or weary, bleeding and bruising easily,
frequent infections, discomfort or swelling in the belly, weight loss or loss of appetite
are all common symptoms of chronic or acute leukaemia. Chemotherapy is used to
treat the majority of leukaemia patients. Radiation therapy /or bone marrow trans-
plantation may be used in some patients [36, 37].
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4.8 Lung cancer

Lung cancer is a form of cancer that starts in the trachea (windpipe), bronchus
(main airway) or lung tissue. Non-small-cell lung cancer and small-cell lung cancer
are the two most common kinds of lung cancer. Squamous cell carcinoma, adenocar-
cinoma and large cell carcinoma are all subtypes of non-small-cell lung cancer. Small
cell lung cancer is also called oat cell cancer. About 10%–15% of lung cancers are
small-cell lung cancers. Cigarette smoking is the principal risk factor for development
of lung cancer, but many people with the condition eventually develop symptoms
including a persistent cough, coughing up blood, persistent breathlessness,
unexplained tiredness and weight loss and an ache or pain when breathing or
coughing. Treatment of lung cancer can involve a combination of surgery, chemo-
therapy and radiation therapy as well as newer experimental methods

4.9 Pancreatic cancer

Pancreatic cancer is caused due to abnormal and uncontrolled growth of cells in
the pancreas—a large gland that is part of the digestive system. Adenocarcinomas are
most commonly found in gland cells in the pancreatic ducts, although they can also
occur in pancreatic enzyme cells (acinar cell carcinoma). Adenosquamous carcino-
mas, squamous cell carcinomas and giant cell carcinomas, all named by their appear-
ances under a microscope, are further types of pancreatic tumours linked to exocrine
activities. For example, insulinomas (insulin), glucagonomas (glucagon), gastrinomas
(gastrin), somatostatinomas (somatostatin) and VIPomas (vasoactive intestinal pep-
tide or VIP). Functioning islet cell tumours still make hormones, while
nonfunctioning ones do not. Symptoms may include abdominal pain, weight loss,
diarrhoea and jaundice. They can also be caused by conditions such as pancreatitis
(inflammation of the pancreas), gallstones, irritable bowel syndrome or hepatitis
(inflammation of the liver). Smoking is one of the most important risk factors for
pancreatic cancer. Heavy exposure at work to certain chemicals used in the dry
cleaning and metal working industries may raise a person’s risk of pancreatic cancer.
Surgery, radiation and chemotherapy are the most common treatment types.

4.10 Prostate cancer

Men are the only ones who get prostate cancer. The prostate gland, which is part of
the male reproductive system, is where cancer starts to grow. Localized prostate
cancer, also known as early prostate cancer, is cancer that is contained within the
prostate and does not cause any symptoms. Adenocarcinomas are the most common
type of prostate cancer (cancers that begin in cells that make and release mucus and
other fluids). Early indications of prostate cancer are frequently absent. Men with
advanced prostate cancer may have more frequent urination or a weaker urine flow,
although these symptoms can also be caused by benign prostate diseases. The follow-
ing symptoms may occur if a tumour causes the prostate gland to enlarge or if cancer
spreads beyond the prostate: Frequent urination, a painful or burning sensation dur-
ing urination or ejaculation, blood in urine or sperm and pain or stiffness in the lower
back, hips, pelvis or thighs are all symptoms of urinary incontinence. In fact, males
over the age of 65 account for more than 65% of all prostate cancer diagnoses.

Various other cancers are bladder cancer, colorectal cancer, gastric cancer, sar-
coma, kidney cancer, lymphoma, melanoma, ovarian cancer (Table 1).
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Cancer Affected body part

Brain and central nervous system cancer

Breast cancer

Cervical cancer

Oesophageal cancer

Head and neck cancer
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Cancer Affected body part

Liver cancer

Leukaemia

Lung cancer

Pancreatic cancer
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5. Epigenetic factors

The abnormal patterns such as the change in composition of chromatin or organi-
zation of chromatin, DNA methylation, disrupted patterns in the post translational
modifications of histone are known as the epigenetic alterations. These changes in the
epigenomes might occur by the disruption on the epigenetic machinery which are
associated with the mutated patterns of the wild-type genes expressions along with
their changed states. In the process of tumorigenesis, the epigenetic component rec-
ognition is important for a better understanding of the cancer along with new research
in treatment, detection and prevention of cancer. The mutations in oncogene or the
signalling gene in any human cancer are dominant that lead to formation of tumours
and cancer. For an instance, the activity of the product of gene for growth stimulation
is enhanced due to the mutation in the gene, ras. These types of epigenetic silencing of
tumour suppressor genes or the genetic mutations in these genes are often observed to
be recessive that requires the disruption in both the copies of alleles in order to get the
full expression of the phenotype which is transformed.

Two or multiple-hit hypothesis: According to the study of Knudson [38] in 2001,
the hypothesis of the two or multiple hit was proposed as the idea that in the malig-
nant cell line, the two copies of tumour suppressor genes have to be incapacitated. The
three classes’ hits can work in combinations of different types in order to cause the
complete loss of activity of tumour suppressor genes. The mutations in the coding
sequence along with loss of either entire copies or part of copies of genes, the silencing
of epigenetics might occur to cooperate to lead to disable the control of gene.

There are studies that signify that the cancers harbour the mutations that are
frequent in genes for the epigenetic machinery that lead to abnormalities in
epigenome. These abnormalities affect the gene patterns of expressions along with the

Cancer Affected body part

Prostate cancer

Table 1.
Types of cancer and body parts it affects.
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stability [39]. There are genes that are frequently mutated, especially the ones that
encode proteins responsible for the normal chromatin control of the DNAmethylation
[40]. These patterns are important to understand the cancer biology along with the
new discoveries in the cancer therapy. The epigenetic activation or silencing of genes
may lead to cells for mutations such as the epigenetic silencing of the MLH1 DNA
repair protein as it leads to lack of efficient DNA repair. There are epigenetics
processed that regulate the genome and could be downregulated in cancer.

Whole exon sequencing, genome-wide DNA methylation, RNA expression, whole
genome sequencing and chromatin analyses’ results showed the understanding of the
epigenomes in the normal and cancer cells [41]. This signified that the epigenetic
control not only comprises the coding genes but also the microRNAs, non-coding
RNAs and other genome regulatory functions [42]. These mutations are present in high
frequencies and known as the ‘driver’ mutations that result in the disruption of the
epigenome by mutations for the invasion and progression of cancer. These epigenetic
changes take place independently of the mutations in factors of chromatin modifica-
tion where the damage and heritable alterations are induced due to the physiological or
environmental events in cancer progression or inheritance of cancer risk states [43].

The very first proposal of the alteration in DNA methylation as a contribution to
cancer was the discovery of the methylation of the cytosine in DNA to become
5-methylcytosine. There have been many studies on 5mC alterations and its distribution
pattern that can help to distinguish it from the normal cells with the result of three major
routes. The three major routes involved in the CpG methylation in the oncogenic phe-
notype are by: hypomethylation on oncogenes, hypermethylation of tumour suppressor
genes and mutagenesis of 5mC by UV radiation, carcinogens or deamination [44].

6. Hypomethylation of oncogenes

The DNA methylation changes in cancer cells with regional modifications which is
recognized as the global DNA hypomethylation by the genome-wide analyses [45].
The genomic instability with increase in aneuploidy is the result of the DNA demeth-
ylation that could act as a hallmark of cancer. The reduction and deletion of DNA
methyltransferase, DNMT1 could result in the tumour induction along with increased
mutation and aneuploidies rates. It clearly indicates the chromosomal fragility [46].
The activation of transcription by transcription of oncogenes, repeats and transpos-
able elements is accompanied by the loss of DNA methylation [45]. The activation of
the transposable elements acts as source of potential mutations during the process of
transposition. The genome has CpG islands which are around 80% methylated, and in
cancer this methylation rate drops to 40–60%. The mapping technologies available
could be useful in detecting the patterns more precisely. About one-third of the
genome could be covered with the blocks of DNA hypomethylated blocks of 28kb–
10Mb. The cause of this is hypothesized by many theories such as the DNA
hypomethylation could be associated with broad shifts in chromatin organization that
could result in mutations affecting the homeostasis of DNA methylation.

7. Direct mutagenesis

The methylation of the cytosine in somatic cells is more than one-third of all the
transitional mutations observed. The somatic mutations in the cancer-causing p53
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gene were studied (Rideout et al. 1990). This mechanism is common in somatic tissues
and forms many inactivating mutations in tumour suppressor genes due to the meth-
ylation of the fifth position of cytosine ring that in the double-standard DNA increases
the hydrolytic deamination. The product of deamination of 5mC is thymine and not
uracil, and so the DNA repair mechanism is less efficient to repair this mismatch. For
example, among all the p53 mutations, more than 50% of the mutations or methyla-
tion occurs in the cytosine area [47]. Thus, the risk of the cancer increases by the
endogenous mechanism. The cytosine methylation favours the carcinogenic adducts
between the carcinogens and DNA like the cigarette smoke that result in the increased
mutation sites in the CpG sites of lungs [47]. This type of direct mutagenesis and DNA
methylation can also alter the rate of mutations by factors such as sunlight-exposed
skin as the methyl group changes the absorption spectrum for cytosine into normal
incident sunlight [47].

8. Hypermethylation of TSG

The abnormal hypermethylation of the CpG islands in the five regions of cancer-
related genes is associated with the transcriptional silencing along with the alternative
mechanism to inactivate the tumour suppressor genes by mutation [48]. In normal
development or the cell renewal systems, around 60% of all the gene promoters have
then non-methylated CpG islands. This non-methylation of the chromatin is either
active or ready to be activated to express the genes. The prevalence of the methylated
CpG island promoters in the cancer cells is more that leads to conclusion that they are
directly involved in the carcinogenesis. This could lead to new era of cancer therapy
by the reversal of the epigenetic changes observed in cancer [49]. The methylation of
the gene body gives rise to elongation during transcription and enhancing the gene
expression; thus, 5mC is more common in gene body of active genes and is associated
with this rather than repression [50].

9. Aberrant hypermethylation

The loss of function of gene acts as a mediator between the abnormalities caused
by epigenetic and genetic changes. There is always a debate over the cause of cancer to
be genetic or epigenetic. Although the combination of these two factors works
towards the tumour progression. The chromatin changes that lead to the gene func-
tion changes are important to understand the cancer mechanism and to develop the
early detection and profiling of tumour with new targets for its prevention.

The silencing of genes that are important for transcription as they are associated
with methylation of DNA in promoter regions of unmethylated gene [51, 52]. The
increased emphasis on the delineation of the genes with new screening approaches
now holds the important feature in research [53, 54]. In human cancers, there are
number of genes that are hypermethylated which are mutated in the germline [1]. The
common examples of hypermethylated genes are BRCA-1, MLH1, VHL, APC, E-
cadherin, Rb, LKB1 and p16. They exhibit the non-familial cancers changes along with
selective advantage in several ways for the loss of function of gene [55].

There are three types of characteristics of the aberrant hypermethylation: There
are genes where the hypermethylation is observed in the specific tumour types.
Secondly, there are genes that predict the phenotype of the tumour by the loss of
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specific function by epigenetic and genetic changes. Thirdly, there could be disruption
in the pathways of the cells. There are several hyperemethylated genes, and in some of
the genes, the methylation of the promoter is the only type of inactivation detected in
the cancer as other genes are either rare or not have been observed. Each of the genes
that are detected as hypermethylated must be identified and studied for its role in
tumour type and progression. This is crucial as according to some studies, the genes
that are hypermethylated could be mutated in a group and be responsible for the
change in process or processes in biology of cancer such as in the repair of mismatch
mutation [56, 57]. The non-critical and critical loci are affected by both the processes,
leading to tumour development by loss of function of the key gene.

The CpG islands that are hypermethylated have been identified as a guide to clone
the tumour suppressor genes that are frequently observed to be deleted in several
cancers, but no genetic alterations have been identified in the tumour suppressor
genes [58]. For example, the member of the zinc-finger transcription factor family,
HIC-1, showed its importance in the process of development in hypermethylation in
many tumours [59, 60] and also upregulated by the protein, p53 [10, 13]. The role of
the gene is still under study, but the death of mice during embryogenesis from various
defects has been observed during the knock-out of HIC-1 [61]. This information
obtained is very helpful because of the databases built up for the chromosome posi-
tions where the gene is located and helps in screening of the hypermethylated loci in
the DNA of the tumour cells.

Hypermethylation is the early event in the progression of tumour, and when the
hypermethylated promoter region increases in the normal cells and tissues, that mark
the early stage. In tumorigenesis, the promoter hypermethylation of genes plays a vital
role that could be detected in the early stages. The early losses of the control of the cell
cycle, disruption of cell-to-cell signalling, altered transcription factors and genetic
instability are the early genetic alterations to characterize human cancer. Loss of
function of p16 gene by the epigenetic loss helps to pass the check points of the
mortality to enter in onset of cellular immortality in carcinogenesis [62, 63] along with
tumours in early stage [64, 65]. In colon cancer, the gatekeeper gene, APC, which is
responsible for the transcription pathway of beta-catenin-TCF transcriptional path-
way, gets hypermethylated, leading to onset of colon cancer [66]. Similarly, in breast
cancer, the hypermethylation of E-cadherin promoter disrupts the cell-to-cell recog-
nition that is observed in the early stages [67].

There are some basic differences between the promoter hypermethylation caused
by genetic and epigenetic factors. Firstly, the loss of gene function with promoter
hypermethylation is relatively more subtle selective than mutation in the tumour
progression. As in genetic events, both alleles are disrupted in two-hit paradigm for
loss of gene function of tumour suppressor gene. In this, the first genetic hits result in
the haplo insufficiency states [68]. On the contrary, the loss of the gene transcription
is related to aberrant hypermethylation of CpG island, which is mediated by the
region-oriented methylation density [69]. This density can increase over time by the
cell replication which is associated with the increase in transcription loss [70]. Sec-
ondly, the aberrant hypermethylation and gene silencing are potentially reversible
even after being very stable in cancer cells, but the mutations on genetic level are not
[71]. Most of the cells in epithelial tumours can form metastatic foci and could be
highly invasive and can help in the invasion of tumour cells. This invasion requires re-
expression of E-cadherin so that cell aggregates are formed by tumour cells to survive
in the foreign environment [72]. This heterogeneous loss of E-cadherin in tumour sites
of both primary and metastic phases in same patient is similar [73, 74]. Loss of
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function of E-cadherin is very common in epithelial cancers and mainly related to the
promoter hypermethylation as the heaviest promoter hypermethylation occurs in
most highly invasice cells [37]. Thus, the reversibility of the aberrant
hypermethylation plays a key role in the dynamic of the cell population to detect the
behaviour of tumour. The chromatin formation dynamics in the DNA methylation
along with the deacetylation of histone works in tumours to silence the
hypermethylated genes. There are certain hypermethylated genes that do no re-
express even by the agents such as Trichostatin. This drug is although effective for
minimal de-methylation. 5-aza-cytidine is the demethylating drug that could be used
to achieve demthylation even in the low doses [75].

10. Tumour suppressor genes

During interaction between cells with its surroundings and cell proliferation, there
are specific controls at every step, but alterations in them lead to tumour formation
and its metastasis. This causes disturbance in the relation between the number of cells
increment during cell division or decrease in number of cells due to apoptosis or
differentiation. There are positive and negative signals that control the cell multipli-
cation and the homeostasis maintenance, their effects are based on the genetic
changes that affect the control points due to the tumorigenicity [76]. The malignancy
is due to the genetic changes and control points which is now possible to identify and
characterize. There are several changes detected in genes that led to tumour forma-
tion, and these alterations may have positive influence or can involve in inhibition of
cell growth [77]. Tumorigenesis is a multi-step process that requires the different
genetic changes with proper mechanism to be interpreted from the epidemiological
studies. The altered cells population may increase due to the expansion of genetic
change that leads to larger target pool of subsequent genetic changes. These alterations
are mainly deletions and point mutations that lead to loss of function of genes that
interfere with the process of restraining cell multiplication, leading to oncogenesis.
This genetic alteration could give positive signals such as gene overexpression that
could lead to gene amplification in signal transduction element that acts as a stimulus
to cell proliferation.

There are different terms that are being used for these altered genes such as anti-
oncogenes, tumour suppressor genes or recessive oncogenes. The terminology of these
genes still does not satisfy the mechanism of their work as their existence to only
inhibit action of oncogenes is not confirmed. Although there are genes that inhibit the
proliferation and expression of proto-oncogenes. The negative influence of these
genes has been confirmed by the neoplastic transformation, loss of heterozygosity in
tumours and familial cancer. Loss of function of the normal alleles leading to the
neoplastic transformation is the primary evidence by somatic cell hybrid experiment
of genetic alterations. When injected into the host without loss of chromosome, none
of the hybrids that were generated between tumorigenic and non-tumorigenic cells
gave rise to tumours [78]. Thus, the rise of tumours from tumorigenic hybrid cells was
confirmed by the specific chromosome losses which is usually suppressed in the
normal cells. This phenomenon was achieved by the wide variety of tumour suppres-
sor genes that were suppressed by the mutations or genetic alterations which lead to
recessive genetic changes, complemented by the normal alleles from normal parents.
There have been cases where the combinations of the tumour cell lines and non-
tumorigenic cell line both showed the recessive changes that signified the presence of
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multiple alterations or combination of it [79]. There are several tumour suppressor
genes reported for different cancers.

11. P53

TP53 is the gene that is responsible for the protein p53. This a gene is known as the
guardian of the genome or the caretaker gene. This protein serves different functions
in the cell such as regulation of cell cycle, DNA repair, transcription and apoptosis
induction. When this tumour suppressor gene gets mutated, that leads to cause many
cancers. It comprises 37% of the cancers reported in the world with 6.5 million
diagnosed cases. The homozygous loss of this gene leads cancers with percentage of
65% in colon cancers, 50% in lung cancer and 30–50% in the breast cancers [80]. In
leukaemia, sarcomas, lymphomas and neurogenic tumours, loss of p53 is also
reported.

12. pRB

The first tumour suppressor protein that was discovered was pRB in the human
retinoblastoma. It is a tumour survival factor that acts as a gatekeeper gene that
functions in the cell division and death regulation and cell proliferation [81]. If muta-
tion occurs in this gene, then the function is lost, and there is no control in the cell
division leading to unlimited growth.

13. BCL2

The family of proteins either inhibits or induces cell apoptosis along with
maintaining the mitochondria composition. The signalling cascade from mitochondria
till the cell apoptosis is performed due to this gene [82].

These are the epigenetic factors that are involved in the regulation of cancer. There
are many studies conducted to discover the epigenetic regulation in many cancers.
One of the cancers with 54.5% mortality rate (WHO, 2018) is cervical cancer. There
are many epigenetic regulations studied under it.

14. Epigenetic regulation in cervical cancer

DNA methylation and histone acetylation are the two most widely studied epige-
netic factors. Although there are certain different factors such as RNA interference
that could be responsible for the transcriptional silencing [83]. The main epigenetic
alterations involved in the cervical cancer are illustrated in Figure 2.

Hypermethylated and hypomethylated genes: In the development of cervical
cancer, infection by high risk type Human Papillomavirus (HPV) is one of the main
causes. HPV 16 and HPV 18 are the two most known viruses to cause cervical cancer.
In the genome of HPV, there are certain epigenetic changes that could be responsible
for the carcinogenic process driven by the virus along with the genome of the host.
The methylation machinery activation is one of the defence mechanisms adopted by
the host during infection, when the viral gene is inserted into the host genome [84].
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The activation of the silenced sequences in the human genomic DNA sequence with
long terminal repeats and transposable elements could play a role in the process of
cancer [85]. Viruses have the ability to regulate the expression of genes by methyla-
tion them in order to silence their activity to favour the infection [85]. On the other
hand, viral genome can also synthesize oncoproteins that could either indirectly or
directly silence the genes that may act against the tumour promotion. In a study of
transfection of cell having methylated genome with HPV-16, it was observed that the
DNA was transcriptionally repressed [86]. SiHa and CasKi are the two forms of
cervical cancer cell lines that harbour the HPV-16 infection and have multiple viral
genome copies. In one of the cases, it was found by the help of McfBC enzyme that the
both cell lines when infected with HPV-16 have a conserved CpG hypo and
hypermethylated genes. Hypermethylation of genes was found in 52% of the smears
from asymptomatic women, 21.7% in pre-invasive lesions and 6.1% invasive case
smears. Hypomethylation of LCR and E6 gene region of the oncogene was also
observed. On the contrary to the first case study, high methylation frequency at most
sites in carcinomas was found as compared with dysplasia and chromosomal

Figure 2.
Epigenetic alterations involved in the cervical cancer.
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integration in invasive lesions [87]. HPV 18 study was also studied in the two cervical
cell lines, HeLa and C4-1. A clonal heterogeneity in the status of methylation was
reported along with promoter methylation in 50% cancers and 66% smears. This
resulted in the conclusion that the viral oncogenes in lesions are the result of their
activity level in transcription and not neoplastic progression.

In HPV life cycle, E2 gene plays a key role in multiple processes such as viral DNA
replication and transcription. A methylation analysis study on the E2-binding site
within LCR on epithelial cervical cancer cell line from HPV-16-infected patient was
done, and it was demonstrated that poorly differentiated basal cells were
hypermethylated and that particular region of E2-binding site was hypomethylated
[88]. Thus, the change of methylation status of viral genome during its life cycle could
be helpful in detecting a novel means to modulate functioning of E2 to inhibit its
progression.

Apoptosis-related genes: The study of these types of genes being affected by the
methylation in cervical cancer is very less. The decoy receptors, DcR1 and DcR2, could
serve as the easy target for the abnormal methylation that could lead to their silencing
and losing their function [89]. DcR genes are the members of Tumour Necrosis
Factors (TNFs) which include, Fas, TNFR1 and decoy receptors for TRAIL. DcR1 and
DcR2 are structurally related to the death inducing decoy receptors DR4 and DR5.
DcR1 and DcR2 are postulated to serve as oncogenes due to their anti-apoptotic
effects. In case of cervical cancer, there are number of cases that have shown the
downregulation of decoy receptor expression by methylating DcR1 or DcR2 to obtain
the advantage of growth [90, 91].

Apart from TNFs, the expression of hTERT in cervical cancer has been analyzed
and 80–100% showed hTERT mRNA expression [92]. hTERT promoter has a high GC
content with CpG island that could be affected by the methylation in regulating its
expression. Hypermethylation leads to decrement in the gene expression. More
research related to this study is awaited for the future.

Tumour suppressor genes: There are several hypermethylated genes observed in
invasive cancers with specific functions that get either silenced or diminished
(Table 2). TSLC1 is the gene that code for Ig like intercellular adhesion molecule that
is able to mediate the calcium-independent interactions of Ca2. It was first identified
in lung cancer, and the reason of its silencing was derived from either the loss of

TSGs with rate of hypermethylation Functions that get silenced or diminished

hTERT (57%) apoptosis

P16 (8–42%) Cell cycle

E-cadherin (28–81%) WNT pathway

MGMT (5–81%) DNA repair

BRAC1 (6.1%) FA-BRAC pathway

TSLC1 (58–65%) Tumour Suppressor

RASSF1A(0–45%) Negative Ras effect

RAR beta (33–66%) Cell differentiation

TIMP2/TIMP3 (47%) Tissue inhibitor

Table 2.
Hypermethylated genes silenced or diminished by various pathways
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heterozygosity or promoter hypermethylation. The effect of this gene in suppressing
cervical cancer was demonstrated by the study related to transfection of TSLC1 cDNA
to SiHa cells. It showed reduction in anchorage-independent growth and able to
generate less tumours in nude mice. The cervical lesions are accompanied by the
expression loss of this tumour suppressor gene as in a case study, it was observed to
show 58–65% increment in methylation rate in invasive tumours.

For the regulation of epithelial cell differentiation, retinoic acid is essential which
is mediated by the RA-binding nuclear receptors. The target genes transcriptions by
ligand-activated receptors are induced by the binding of RA responsive elements in
promoter regions. RAR beta gene is one of those target genes that encode for tumour
suppression. In many tumour cell lines and human tumours in primary stages, the
complete or partial inhibition of gene expression has been observed [93]. The
hypermethylation of promoter in colon and breast cancer leading to inhibition of RAR
beta 2 inhibition has been observed. The retinoic acid inhibits the human keratinocyte
transcription by HPV 16 that leads to regression of cancer [94]. The methylation rate
of RAR beta 2 gene has been observed to show the increment from 33 to 63% in
invasive cancers [95].

Histone acetylation: The regulation of gene transcription is majorly performed by
the balance between histone deacetylases and histone acetyl transferase activity. Thus,
the proper balance should be maintained in order to check the cell proliferation. HPV
has E6 and E7 oncoproteins that are responsible to cause disturbance in the cell growth
and proliferation. The E7 protein binds to HDACs and forms Mi2beta, an intermediary
protein from nucleosome remodelling and histone deacetylation (NURD) complex
that could modify the structure of chromatin. This modification is done by the nucle-
osome repositioning and histone deacetylation. Any mutation to E7 abolishes its
binding to HDAC1 that results in loss of E7 to transform rodent fibroblast. In cervical
cancer, phosphorylated and acetylated forms of H3 in the smears have shown the
association of its modification with the progression of lesions from CNI to CNIII [96].

15. Current treatment and diagnosis

Cancer is caused by damage or mutations in the genetic material of the cells as a
result of environmental or hereditary factors. Anti-cancer drugs (chemotherapy, hor-
mone therapy and biological therapies) are the treatment of choice for metastatic
tumours, while surgery and radiation are the primary treatments for local and non-
metastatic cancers. Chemotherapy works by preventing malignant cells from dividing
quickly, but it also affects normal cells with fast proliferation rates, such as hair
follicles, bone marrow and gastrointestinal tract cells, resulting in chemotherapy's
typical side effects.

There is a growing need for new effective targeted treatments based on the
molecular biology of tumour cells due to the indiscriminate destruction of normal
cells, the toxic side effects of conventional chemotherapy and the emergence of
multidrug resistance.

During the past few years, FDA-approved targeted cancer drugs have become
increasingly popular, causing cancer cells to die via apoptosis or by stimulating the
immune system. These novel targeted therapies are gaining momentum as indicated
by the growing number of cancer drugs approved by the FDA.

There are a variety of cancer treatments available. Treatment options will vary
based on the type of cancer that an individual has and how far it has progressed.
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Some cancer patients will just require one treatment. Most people,
however, receive a combination of treatments, such as surgery along with
chemotherapy and radiation. When it comes to cancer treatment, there is a lot to learn
and consider.

16. Cancer treatment biomarker testing

Biomarker testing is a method of looking for cancer-related genes, proteins and
other chemicals (also known as biomarkers or tumour markers). Biomarker testing
can assist an individual or doctor in determining the best cancer treatment option.

16.1 Chemotherapy

Chemotherapy is a cancer treatment that involves the administration of chemicals
to kill cancer cells. Chemotherapy is a cancer treatment that is used in conjunction
with other cancer treatments. It has negative effects and is used to fight cancer.

16.2 Hormone therapy

Hormone therapy is a type of treatment that slows or stops the progression of
tumours that use hormones to grow, such as breast and prostate cancer.

16.3 Hyperthermia

Hyperthermia is a method of treatment in which bodily tissue is heated to tem-
peratures as high as 113 degrees Fahrenheit in order to destroy and kill cancer cells
while causing little or no injury to healthy tissue. Hyperthermia is used to treat
different types of malignancies and precancers.

16.4 Immunotherapy

Immunotherapy is a cancer treatment that boosts your immune system's ability to
fight cancer. The different types of immunotherapy are used to treat cancer,

16.5 Photodynamic therapy (PDT)

To eliminate cancer and other aberrant cells, photodynamic treatment uses a
medication that is activated by light. Individual gets know how it works, the types of
tumours and precancers it treats and the benefits and cons of this treatment.

16.6 Radiation therapy

Radiation therapy is a cancer treatment that involves administering high doses of
radiation to cancer cells in order to kill them and shrink tumours. Individual gets to
know about the many forms of radiation, its side effects, which side effects one might
have and more.
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16.7 Stem cell transplant

Stem cell transplants are treatments that replace stem cells in persons whose blood
cells have been damaged by severe doses of chemotherapy or radiation therapy.
Although there are several types of transplants and their possible adverse effects, stem
cell transplants are currently employed in cancer treatment.

16.8 Surgery

Surgery is a procedure in which a surgeon removes cancer from the body to treat
cancer. There are various ways in which surgery is used to treat cancer.

16.9 Targeted therapy

Targeted therapy is a cancer treatment that focuses on the modifications that help
cancer cells grow, divide and spread. Individual can learn how therapy works against
cancer and how to avoid the most common side effects.

17. miRNA as a diagnostic biomarker

The study of miRNA expression levels in tumours could aid in the identification of
tumour types and subtypes, as well as the prediction of their characteristics. Several
studies have proven that miRNAs can be used as prognostic and/or diagnostic tools in
various malignancies. The study of miRNA expression levels in tumours could aid in
the identification of tumour types and subtypes, as well as the prediction of their
characteristics.

Lu and colleagues investigated the relationship between miRNA expression pro-
files and developmental origin in 334 samples from multiple human cancers. They
found that miRNA expression profiles correlate with development of cancer
tissues [97].

Cancers such as breast, colorectal, prostate and colorectal occur frequently as a
consequence of incorrect expression of genes such as ANRIL, HOTAIR, KCNQ1OT1
and XIST 16.

18. The epigenetic changes in cancer diagnosis and treatment

DNA methylation and histone modifications are significant epigenetic processes of
gene regulation that play important roles in tumour initiation and development, both
individually and cooperatively. In prostate cancer, abnormal epigenetic processes such
as DNA hypo- and hypermethylation, as well as altered histone acetylation, have been
found, affecting a large number of genes. Although the number of abnormally epige-
netically regulated genes continues to grow, only a few genes have shown promise as
potential tumour biomarkers for prostate cancer early detection and risk assessment.
To detect prostate cancer-specific epigenetic fingerprints, large-scale screening of
aberrant epigenetic processes such as DNA hypermethylation is required [98]. In
human malignancies, DNAmethylation is the epigenetic mark that has been examined
the most. In 1983, cancer-related DNA methylation was discovered. DNA methylation
inhibitors were clinically used to treat a range of cancers within 30 years of their
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discovery, emphasizing the importance of the epigenetic basis of cancer. Histone
alterations, nucleosome remodelling and microRNA (miRNA)-mediated gene regula-
tion are all important in tumour development. In all stages of lung cancer, including
start, development and metastasis, distinct chromatin changes occur. As a result,
stage-specific epigenetic modifications can be used as powerful and reliable methods
for lung cancer early detection and patient prognosis monitoring. Furthermore,
chromatin modifiers are interesting targets for the development of more effective
therapeutic techniques against epigenetic alterations since they are dynamic and
reversible [99].

19. Phytochemicals involved in cancer treatment

Vinca alkaloids, taxane diterpenoids, camptothecin derivatives and
epipodophyllotoxin are the four principal types of clinically employed plant-derived
anticancer agents. Other plant-derived anticancer drugs, such as combretastatins,
homoharringtonine (omacetaxine mepesuccinate, cephalotaxine alkaloid) and ingenol
mebutate, are employed in addition to these phytochemical groups. Poor water solu-
bility and considerable hazardous side effects are still key concerns, so researchers are
currently focusing their efforts on reducing their impact. Several analogues and
prodrugs have been created in this context, as well as approaches to improve aqueous
solubility and tumour selectivity. Below is a brief summary of a few phytochemicals
that are employed in cancer treatment.

19.1 Vinca alkaloids

Vinca alkaloids are a class of medications derived from Catharanthus roseus, a pink
periwinkle plant. The Vinca alkaloids cause cytotoxicity by binding to tubulin at a
different position than the taxanes, preventing microtubule polymerization and
assembly, resulting in metaphase arrest and cell death. The vinca alkaloids influence
both malignant and non-malignant cells in the non-mitotic cell cycle because micro-
tubules are involved in various other cellular processes such as cell shape preservation,
motility and transfer between organelles. The two naturally separated alkaloids vin-
blastine and vincristine have been utilized in clinical oncology for nearly 50 years.
These two alkaloids have a number of semisynthetic equivalents that have been
produced. Vinorelbine and vindesine are two semisynthetic analogues that have been
approved for use in clinical trials. These drugs are commonly used in combination
chemotherapy to treat a range of cancers [100].

19.2 Taxanes

Taxanes are anticancer compounds that were first discovered in the bark of the
Yew tree. Taxanes inhibit cancer growth by stabilizing microtubules, causing cell
cycle arrest and abnormal mitosis. Paclitaxel, a natural substance derived from the
bark and leaves of Taxus brevifolia and docetaxel, a semi-synthetic derivative, are
largely used in the treatment of breast, ovarian, pancreatic, prostate and lung cancers.
A number of semisynthetic compounds with better cytotoxicity in resistant tumours,
reduced toxicity and improved solubility have been produced. Cabazitaxel, a second-
generation docetaxel derivative, for example, has cytotoxic effectiveness against a
variety of docetaxel-resistant cancers while posing a lower overall toxicity risk
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[101, 102]. Cabazitaxel also has the ability to permeate the blood-brain barrier in vivo,
which is something that other taxanes can't do. Larotaxel, milataxel, ortataxel and
tesetaxel are some of the paclitaxel analogues now being studied in clinical trials.

19.3 Camptothecins

Camptothecin is a quinolone alkaloid discovered from Camptotheca acuminata, a
Chinese tree. Camptothecin forms a compound with type I DNA topoisomerase,
which prevents DNA cleavage and religation, resulting in a DNA double-strand break
and cytotoxicity [103]. Currently, the two FDA-approved semi-synthetic
camptothecin derivatives that are therapeutically active and less toxic than the parent
molecule are irinotecan and topotecan. Irinotecan is a drug that is used to treat
advanced malignancies of the gut and rectum. Topotecan, on the other hand, has been
approved for the treatment of ovarian cancer, small-cell lung cancer and cervical
cancer.

19.4 Podophyllotoxins

Podophyllotoxin is a naturally occurring toxin found in the plants Podophyllum
peltatum and Podophyllum emodi (Berberidaceae). Podophyllotoxin binds to tubulin in
a reversible manner, whereas its main derivatives etoposide and teniposide inhibit
topoisomerase II, causing DNA cleavage by topoisomerase II. Furthermore,
podophyllotoxin has anti-multidrug resistance (MDR) efficacy against a variety of
drug-resistant tumour cells. CIP-36, a podophyllotoxin derivative, has been found to
overcome the MDR of the adriamycin-resistant K562/ADR human leukaemic cell line
by modulating topoisomerase-IIa activity [104]. CIP-36, on the other hand, failed in
clinical testing due to ineffectiveness and unacceptable toxicity.

19.5 Reversal of hypermethylation

Lee et al. also discovered that EGCG and similar substances inhibit DNMT and
reverse hypermethylation [105, 106]. They discovered that EGCG inhibited DNMT
activity directly and partially altered the methylation state of RAR-ß. Other catechol
polyphenols inhibited DNMT indirectly by methylating S-adenosyl-L-methionine
(SAM) and converting it to S-adenosyl-L-homocysteine (SAH), a potent DNMT
inhibitor. In breast cancer cell lines, caffeic acid and chlorogenic acid partially
prevented methylation of the RAR-ß gene promoter region [106]. The effect of
EGCG, however, may be gene or cell line specific, and it was not as strong as 5-aza-20-
deoxycytidine (DAC) [107].

Some of the methylation-silenced genes were discovered to be demethylated and
reactivated by isoflavones, with genistein being the most effective isoflavone from soy
[108]. Genistein (20–50 mmol/L) suppressed DNMT activity in a dose-dependent
manner, with competitive and noncompetitive inhibition of the substrate. Biochanin
A and daidzein, two other isoflavones, were less effective in inhibiting DNMT activ-
ity, reactivating RAR- and stopping cancer cell growth. Although genistein was a
weaker DNMT inhibitor than EGCG, it was equally as effective or even more
effective than EGCG in demethylating hypermethylated genes and reactivating their
expression.

When KYSE 510 cells were treated with 2 M genistein and 5 M EGCG, or 5 M
genistein and 10 M EGCG, the expression of p16 was apparently increased compared
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with genistein or EGCG alone. The synergistic activity of these two drugs raised the
levels of acetylated histone H3 and H4 in KYSE 510 cells when they were treated with
genistein (5 M) for 5 days and subsequently with the HDAC inhibitor trichostatin (0.5
M) for 3 hours. Genistein and trichostatin increase the binding of acetylated H3 and
H4 to the promoter region of RAR- and MGMT in a synergistic manner, according to a
chromatin immunoprecipitation (ChIP) test. Other dietary components that inhibit
DNMT include quercetin, luteolin, and hydroxycinnamic acid.

20. Conclusion

In the reports of 2018, 18.1 million new cancer cases were detected with 53%
mortality rate. This disease is more prevalent in males as compared in females with
ratio of 1.17. There are about more than 100 types of cancers that have been reported.
Cancer is the disease that is caused by the genetic and the epigenetic factors that cause
alterations in the gene functions. These genes are known as tumour suppressor genes
which perform crucial function in inhibiting the invasion of tumour and its progres-
sion in the cell. The epigenetic factors such as hypomethylation in oncogenes,
hypermethylation of tumour suppressor genes and the direct mutagenesis. These
epigenetic factors are responsible for the tumorigenesis, and they are reversible in
nature which makes them different from the genetic mutations. The new need of
targeted molecular therapy is required on tumour cells as they are different from the
normal cells, but the old treatments of cancer by radiotherapy and chemotherapy have
the toxic side effect with less survival rate. The reversal could be done by the phyto-
chemicals. There are various phytochemicals known that have shown the apoptosis in
cancer cells such as alkaloid, taxane, camptothecins and podophyllotxins. These phy-
tochemicals such as EGCG have been observed to inhibit the activity of DNMT1
directly and the partial activity of the rar-beta gene. In some cases, isoflavones have
been observed to demethylate and reactivate the suppressor genes. The phytochemi-
cals could be used as a drug to treat and prevent cancer by reversing the promoter
hypermethylated genes that lead to loss of vital function performing genes such as
transcriptional factors. These epigenetic factors could be used in future research to
identify, diagnose, prevent and treat cancer as they could serve as one of the primary
hallmarks of cancer and the reversal could lead to early prevention of cancer.

21. Future prospects

The epigenetic factors involved in the cancer could be either aberrant methylation
(hypomethylation or hypermethylation) or direct mutagenesis of the vital genes. The
genes that play a vital role in suppression of tumorigenesis, when altered by the
epigenetic factors, lose their function such as gatekeeper genes or transcription fac-
tors. These epigenetic factors could be used as primary hallmark for the early detec-
tion of cancer. The DNA aberrant methylation could be reversed by the
phytochemicals and be used in early-stage treatment of cancer. Thus, these epigenetic
factors that lead to cancer and tumorigenesis can play a vital role in early diagnosis,
prevention and treatment of this disease.
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Chapter 4

Role of NGS in Oral Squamous 
Cell Carcinoma
Sivapatham Sundaresan and Lavanya Selvaraj

Abstract

A recent advance next generation sequencing (NGS) technology has enabled 
the identification of potential disease-based biomarkers in saliva or epithelial cells. 
There has been no effective oral squamous cell carcinoma (OSCC) biomarker or 
well-organised molecular detection method until now, which make early diagnosis 
difficult, if not impossible. This chapter summarises advances in cancer research 
using NGS and proposes biomarkers for screening and diagnosis of OSCC using the 
NGS technique. As part of our review, we covered four categories: OSCC and salivary 
biomarkers, Uses of NGS and definitions, present biomarkers in NGS, and Candidate 
salivary biomarkers for OSCC using NGS.

Keywords: next generation sequencing, oral squamous cell carcinoma, biomarkers, 
cancer

1. Introduction

Oral cancer belongs to a larger subgroup of tumours termed head and neck cancer, 
comprising lip, mobile tongue, buccal, labial, floor of the mouth, gingiva, hard palate 
and soft palate [1]. Buccal malignancies most commonly arise on the buccal posterior-
lateral border and ventral surfaces [2]. Squamous cell carcinoma of the oral epithelium 
accounts for approximately 90% of all oral malignancies. The other 10% are malignant 
intraoral salivary gland tumours, melanomas, soft tissue and jaw bone sarcomas, non-
lymphomas, Hodgkin’s and the extremely rare malignant odontogenic tumours, as well 
as metastatic tumours of primary cancers situated elsewhere in the body [3].

Oral cancer is the most frequent in India, accounting for 50–70% of global cancer 
mortality and having the highest prevalence within Asian countries [4]. With an 
estimated one percent of the population possessing oral premalignant lesions, India 
is fittingly dubbed “the mouth cancer capital of the world.” Every year, nearly one 
million persons in India are diagnosed with oral cancer, and half of them die in agony 
within a year of diagnosis due to late presentation [5]. A small percentage of newly 
diagnosed mouth cancer patients survive for an extended period of time.

Squamous cell carcinoma accounts for 90% of malignant tumours in the oral 
mucosa. The prevalence of cancer varies greatly around the global. The United 
Kingdom and the United States, the rate of all forms of tumours is 4%, however it 
is nearly 40% in South-East Asian countries [6]. Squamous cell carcinoma could 
manifest in a variety of clinical presentations. The aim is to recognise it primary 
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because this is a crucial element prompting the clinical prognosis of the patient, 
and therefore suspicion and vigilance are seen as crucial aspects in cancer diagnosis 
[7]. Early lesions rarely cause symptoms, however they might manifest as a minor 
exophytic growth with little erythema or ulceration, a small ulcer, or erythroplakia, a 
white patch [8]. In clinical terms, characteristics such as induration, ulceration, and 
tissue fixation to structures could raise the possibility of an primary cancer. A late 
stage lesion typically manifests as a wide-based protrusion with a nodular, rough, 
haemorrhagic, warty, or necrotic surface 20, but it can similarly manifest as a destruc-
tive crater-like ulcer with rolling, elevated evented borders [6]. Histology of oral 
squamous cell carcinoma reveals a variety of forms (Figure 1). Despite this, all types 
exhibit tissue damage and invasion. Squamous cell carcinoma is graded according to 
its histology into well, moderately, and moderately differentiated groups [8]. Plasma 
cells and lymphocytic cells are frequently found infiltrating the stroma and aiding 
the assaulting epithelium. Several tumours occupy with a wide anterior, whilst others 
are composed of tiny islands or solitary aggressive cells. Cohesive cancer has a broad 
aggressive anterior, whereas non-cohesive carcinoma has tiny islands or single cells 
that infiltrate. It have been discovered that non-cohesive assault has a poor progno-
sis. Vascular, neuronal, and bone invasion all can occur [9]. The metastatic range 
of cancer in regional lymph nodes is classified into two types: intracapsular spread 
(when the spread is limited to the node’s capsule) and extracapsular spread (when the 

Figure 1. 
A new cancer classification system could also have an impact on drug development and patient recruitment for 
clinical trials modified.
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cancer spreads to neighbouring tissue near to the capsule). When the cancer develops 
extracapsular dissemination, the prognosis is poor [10].

2. Next-generation sequencing (NGS) and cancer

The concept of ‘next-generation sequencing’ (NGS) denotes to a range of knowl-
edge that are viewed as the predecessors to the traditional Sanger DNA sequencing 
technique. Their advancement has enabled the generation of massive amounts of 
genomic data (almost one billion lines) at a low cost. This enables a wide range of 
applications, as well as whole-exome sequencing, whole-genome sequencing, includ-
ing targeted gene sequencing [11]. Exome sequencing (the parts of DNA a certain 
encode proteins) is especially important from a scientific standpoint because it is 
believed that deviates in these areas account for around 85 percent of disease-causing 
mutations [12]. NGS has been used in numerous researchs to analyse the tumour 
exomes of samples from patients with head and neck SCC (HNSCC) [13]. Stransky 
et al. discovered a frequency of 130 coding mutations for each tumour and detected 
alterations in 39 recognised genes across the population studied [14], whereas 
Agrawal et al. discovered somatic mutations in genes previously linked to OSCC 
development. Both investigations also found substantial mutations in the signalling 
gene NOTCH1, that had not previously been linked to HNSC [15].

NGS can be used to analyse the RNA transcriptome in addition to DNA sequencing 
(RNA-Seq). The transcriptome is the complete set of transcribed RNA in a sample, 
and sequencing consents for both assessment of relative gene expression and identi-
fication of nucleotide polymorphisms [16]. Gene expression microarrays, which rely 
on the hybridisation and fluorescence of pre-designed probes, have been used in RNA 
expression studies till recently. Gene expression microarrays, that have well-devel-
oped molecular technology and a substantial body of research [17], have major advan-
tages over RNA-Seq. For starters, RNA-Seq does not require a thorough understanding 
of the genes’ targets, eliminating this need specialised probes. There is no limit to the 
number of genes that can be analysed simultaneously, unlike gene expression micro-
arrays. Chromosomal translocations, fusion genes, differential splice variants, Single 
nucleotide polymorphisms, and viral transcripts are among the other transcriptome 
modifications that can be detected with RNA-Seq [18]. Tuch et al. discovered and 
proved with real-time quantitative reverse transcriptase polymerase chain reaction 
(RT-qPCR) that RNA-Seq was superior to gene expression microarray for identifying 
differential expression in transcripts with low expression levels in their investigation 
[19]. RNA-Seq has been used in a number of studies to investigate gene expression 
and transcriptome variation in various forms of HNSCC, including oral, oesophageal, 
and oropharyngeal. Quantification of differential gene expression, gene ontology 
analysis to identify over-represented, under-represented, and dysregulated biochemi-
cal mechanisms, classification of chromosomal translocations and subsequent fusion 
genes, attribution of differentially expressed novel mRNA splice variants, and investi-
gation for HPV and other viral mRNA transcripts are all demonstrated applications of 
RNA-Seq in these studies. The Life TechnologiesTM (Carlsbad, USA) Ion ProtonTM/
Ion Personal Genome MachineTM (PGM) system is an NGS platform that uses proton 
release associated with Gene polymerisation to identify nucleotide sequence (ion 
semiconductor sequencing). Clonally amplified DNA fragments are challenged with 
free nucleotides in micro-machined wells equipped with pH sensors. The incorpora-
tion of nucleotides results in the release of a proton, resulting in a detectable pH shift. 
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This process is continued with each nucleotide cycle, resulting in the formation of 
a DNA sequence [20]. Ion semiconductor sequencing is quicker and less costly than 
other NGS technologies, however it has a shorter read length and a greater error rate. 
It has, however, been proved to be accurate in detecting nucleotide polymorphism.

Recent genomics studies are focusing on the molecular alterations that underpin 
the development of HNSCC and OSCC from both the epithelial and immunologi-
cal compartments. These it has been shown that HNSCC and OSCC are extremely 
diverse, and despite the paucity of identifiable oncogenic mutations, targetable 
signalling pathways have been found. Furthermore, developing data from these 
research can be used to subclassify patients, for example, to those who may be more 
receptive to immunotherapies. Despite the fact that the majority of these have gener-
ated promising therapeutic effects, significant work remains to be done to expand the 
pharmacological arsenal available to OSCC patients. Some factors to consider when 
pursuing this would be demonstrating that the molecular mechanisms recognised 
in all of these genomics research studies in primary lesions are also pertinent in the 
metastatic and recurrent settings, as drug development is generally decided to focus 
on tackling recurrent and metastasis disease. Second, parallel research of relevant 
biomarkers that could detect potential patient subsets receptive to present treatments 
should be prioritised. In addition to the currently available data on OSCC, the capac-
ity to use genomics to predict drug responses, as well as the introduction of precise 
gene editing technologies, presents promising potential in the search of quality treat-
ment modalities for OSCC patients [21].

3. Cancer genomics research potentials

Although large-scale research investigations have found a huge number of genetic 
changes that support the development and evolution of several types of cancer, some 
tumour types remain poorly understood. Many tumours could benefit from new tech-
nology and knowledge gathered from prior genomic research to characterise the full 
collection of genetic alterations and many other DNA and RNA changes. Researchers 
can find genomic abnormalities that may promote cancer by comparing genomic 
information from malignancies and normal tissue from same patient [22].

Another possibility is to broaden the existing use of genomic technologies to study 
the molecular basis of clinical characteristics. For example, this method could aid 
researchers in identifying genetic variations that distinguish aggressive malignancies 

Figure 2. 
In the previous 50 years, there have been significant developments in sequencing technology, seminal milestones, 
and large-cohort investigations modified.
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from indolent cancers. Similar methodologies could be utilised to investigate the 
molecular mechanism of therapeutic response as well as treatment resistance 
mechanisms.

Patients’ medical history and clinical data will increasingly be combined with the 
amount of data generated by cancer genomic studies. These combined findings could 
be utilised to generate more personalised cancer diagnosis and treatment techniques, 
as well as better methods for forecasting cancer risk, prognosis, and treatment 
response (Figure 2) [23].

4. Challenges in cancer genomics research

Comprehensive analyses of cancer genomes have revealed a wide range of genetic 
aberrations within tumours of the same type. Furthermore, only a small minority of 
these cancers are affected by recurrent genetic changes. Identifying which genetic 
variations cause cancer and uncovering unusual genetic mutations that cause cancer 
are thus difficult tasks for the research.

Another problem is obtaining high-quality biological samples for genetic investi-
gations, which is especially difficult for tumour forms that are infrequent or rare, or 
those that are not treated predominantly with surgery.

Requirements involve establishing cell lines and animal studies that reflect the 
spectrum of human cancer. Many recurrent genetic lesions in human cancer have no 
models, and models for rare different types of cancer may be nonexistent or under 
represented.

Additional hurdles for the profession include managing and analysing the massive 
amounts of data generated by genetic investigations. This field of study necessitates a 
strong bioinformatics infrastructure and progressively relies on data and skills from 
multidisciplinary teams [24].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 5

Dermatoscopy: A New Diagnostic 
Approach for Lesions on Mucous 
Membrane
Sahana Ashok

Abstract

Dermatoscope is used to examine the skin lesions without obstruction and is 
known as dermatoscopy or epiluminescence microscopy. Similarly, dermatoscope can 
be used to examine lesions on the mucous membrane of oral cavity. This is termed 
as “mucoscopy”. Mucoscopy is an important upcoming digital tool for oral mucosal 
disorders. It can help to distinguish between the benign and malignant lesions, but 
needs to be correlated with clinical and histopathology if required. As literature on 
mucoscopy is minimal and is limited to individual case or case series. An organized, 
systemic analysis is very much essential on this topic. This chapter would focus on 
mucoscopic features of certain oral lesions which would help with further develop-
ment and improvement of a non-invasive technique for diagnosis.

Keywords: mucoscopy, dermatoscopy, oral mucosa, lips, tongue

1. Introduction

Skin surface microscopy was introduced in 1663. Later a German dermatologist 
named Johann Saphier, added a light source as an improvisation to the device. The 
word “Dermoscopy” was coined first by a dermatologist named Goldman. Further, 
many universities, along with physicians and device manufacturing companies 
invented and patented many additions to the basic instrument [1, 2].

Dermatoscopy is a non-invasive and in vivo technique to appraise the pigmented 
skin lesions with a hand-held instrument or device termed as dermatoscope. 
However, it can also be used to examine lesions with little or no pigmentation [3]. The 
synonyms for this technique are Dermoscopy, epiluminescence microscopy, incident 
light microscopy, and skin-surface microscopy [4].

A dermatoscope is composed of an illuminating light source and a magnifying lens. 
The light source here can be nonpolarized or polarized. Polarized and nonpolarized 
light is combined with the magnifying lens and can be used as a surface contact or 
non-contact device [5, 6]. With this permutation and combination there are four types 
of dermatoscopes, they are
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a. Polarized light, contact

b. Polarized light, non-contact

c. Non-polarized light, contact

d. Non-polarized light, non-contact

This device magnifies the structures or details that are not visible to the naked eye 
in the sub-dermal region of the epidermis, by 10 times for easy visualization. This 
magnification increases up to 70–80 times with a video recorder. Specialized add-ons 
like FotoFinder device (magnification up to 140×), camera attachments (magnification 
up to 400×) are available along with dermatoscope to capture images or recordings for 
storage or serial analysis [5, 7].

When dermatoscope is used to assess the mucosal surface is termed as ‘mucoscopy’. 
However, the literature on mucoscopy is limited. Though observation of mucous 
membranes should be part of a dermatological examination usage of this device in 
mucoscopy is negligible. However, recent studies have shown that the potential of this 
instrument in mucoscopy. The aim of this chapter was to summarize the use of this 
device on mucous membrane [8].

2. Basic science of dermatoscope

When we use a device, knowing the science behind its working is of prime 
importance. Normally when a visible light falls on an object, it is either reflected, 
scattered, or absorbed by the object itself. If we consider skin as the object on 
which light falls, most of the light is reflected due to the increased refractive index 
of the stratum corneum (1.55) when compared with refractive index of air (1.0). 
Reflection from skin surface can be reduced by fixing a glass plate with refractive 
index 1.52 Figure 1 and using an immersion fluid as an interface or by using polar-
izing filters Figure 2 [9, 10].

Numerous immersion fluids like alcohols, water, oils and gels have been used. 
Most commonly used immersion medium being the alcohol (ethanol 70%) due to 
its low viscosity, amphiphilic solubility, disinfectant capability and image clarity. 
But in mucoscopy water soluble gels are preferred over alcohol because of their 
non-caustic property and higher viscosity [11]. Air bubbles along the immersion 
medium can hinder the clarity of structures under examination, because it cre-
ates a skin-air interface. It is very important to remove all the air bubbles before 
examination.

Another method to reduce the reflection from the assessing surface is by using 
polarizing light. In polarized light dermatoscope two filters are placed perpendicularly. 
When it reaches the surface of skin/mucous membrane, part of polarized light is scat-
tered from surface and other part is scattered from deeper layers. The light reflected 
from surface causes glare, therefore is blocked by one of the attached filters. The light 
reflected by deeper layers is backscattered and makes it visible to the eye. This tech-
nique, which allows the light which has lost its polarization to pass through the second 
filter with additional blocking of the reflected light which maintains its polarization is 
known as “cross-polarization” [10, 12].
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Figure 1. 
Shows the working of a dermoscope using a glassplate with an immersion fluid.

Figure 2. 
Shows the working of a dermoscope using cross polarization.
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2.1 Language of dermatoscopy

To acquire complete knowledge for using dermatoscopy on mucous membrane we 
need learn certain basic elements in this field. These elements are very important to 
describe and diagnose a skin/mucous lesions [13, 14].

A list of basic elements is as follows, Figure 3:

a. Lines (these straight objects present on the lesions which are longer in length 
than its width)

b. Globules (irregular objects with definite size and shape, easily identifiable due to 
its large size)

c. Pseudopod (one sided Dumble shaped)

d. Dots (shape is similar to globules, but are smaller in size)

e. Circles (ring like margin, which has a same center)

f. Structureless areas or blotches (any pattern of area which do not contain any 
definable above described objects)

Figure 4. 
Schematic diagram describing the vascular components seen in dermatoscopy.

Figure 3. 
Schematic diagram showing the basic elements of dermatoscopy.
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There are certain terminologies used to describe a vascular component of a lesion, 
Figure 4 [15].

a. Comma-shaped vessels

b. Perifollicular network of vessels

c. Dilated linear vessels

d. Doted blood vessels

e. Linear branching

f. Linear vessels with loops at their ends (hairpin vessels)

Other than these basic elements dermatoscopic lesions are evaluated on colors 
and harmony. Colors recognized are black, dark brown, orange, pink, white, gray, 
steel blue, purple, red and yellow [16]. With the knowledge of these basic elements of 
dermatoscopy we move ahead to describe known mucoscopic features of oral lesions.

3. Description of mucoscopic features of oral lesions

3.1 Fordyce’s spots

These can be seen in any part of the oral mucosa due to presence of ectopic seba-
ceous glands. Mucoscopy shows whitish to yellowish separate round to oval structures 
corresponding to sebaceous glands with central opaque globules with small openings. 
These are surrounded by linear branched vessels [17].

3.2 Lingual varicosities

The sublingual veins in which there is degeneration of proteins in their elastic 
tissues are called as lingual varicosities. This is seen most frequently on the ventral 
surface of tongue. Mucoscopic features can be described as linear distribution of dark 
blue to black dilated vessels along with white shiny blotched areas [18].

3.3 Mucocele

This is the most common salivary gland cyst. It presents in two types based on the 
collection of mucus. Due to trauma if the salivary gland duct is severed and mucus collects 
in the connective tissue, then it is called extravasated type of mucocele. If the mucus is 
collected within the duct due its obstruction, then it is named as retention type of muco-
cele [19]. Mucoscopic features for this cyst is described in three different types [20].

Type I (retention/extravasated mucocele): purple in color and branched network 
of vessels.

Type II (due to recurrent trauma mucocele is associated surface hyperkeratosis): 
hyperkeratotic white areas with small unclear looped vessels.

Type III (lack of mucin material, healing stage): red in color, with yellowish areas 
and clear linear vessels with looped ends (hairpin vessels) [21].
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3.4 Lichen planus

Lichen planus is considered as one of the potentially malignant disorders and 
a common mucocutaneous disease. In most of the lichen planus cases, oral lesions 
help in the early diagnosis of this disease, as they precede the skin lesions. Lichen 
planus has different clinical appearances and are described as—radiating white to 
gray, velvety, reticular patches, rings or streaks, thread-like or lacy papules in linear, 
annular or reticular forms [19]. Generally, symmetrical skin lesion is considered to be 
benign and asymmetrical as malignant. Sometimes odd shaped or irregular shaped 
lesions can also be benign. This holds good for mucosal lesions too [16]. Mucoscopy 
shows white reticular lines over a pink to purplish background. Sometimes crusts or 
scaling might also be seen in lip lesions. Tongue lesions display more curved vessels 
along with the above features. Dark skinned patients present a tricolored background 
(white + brown + red). Tiny erosions, globules, dots and mixed vascular pattern can 
be additional features depending on their clinical presentations [22].

3.5 Granular cell tumor

This is a benign tumor of neural origin (schwann cells). This tumor can be seen in 
any part of the body and in any age group, but more than half of the cases is seen in 
the oral cavity. Among the cases presenting in the oral cavity, more than one third are 
seen on lingual dorsum [19]. Yellowish to white structureless areas with surrounding 
polymorphic vessels are seen in mucoscopy, but the data are scant [23].

3.6 Pyogenic granuloma

This originates as a response of the tissues to nonspecific infections, therefore 
it’s considered as reactive lesion. Three structures are mainly seen in the mucoscopy 
of these lesions—white linear lines representing the intra lobular fibrous septa, red 
homogenous areas and white area in a collar like fashion corresponding to hyperplas-
tic epithelium [24, 25].

3.7 Haemangiomas and vascular malformations

Haemangiomas are tumors characterized by rapid endothelial cell proliferation, 
whereas vascular malformations results from anomalous development of vascular 
plexuses with normal endothelial cell growth cycle. Mucoscopic pattern of haeman-
giomas showed red pseudopods with network of white lines. Vascular malformations 
show thick elongated linear red or brownish lines in contrast to haemangiomas [26].

3.8 Anomalies of tongue

3.8.1 Black hairy tongue

The basic defect in hairy tongue is hypertrophy of filiform papillae. Typically, they 
are 1 mm in size, while filiform papillae in hairy tongue are greater than 10–15 mm in 
size. Generally, the condition is referred as black hairy tongue, however, the color may 
vary (brown, white, green or pink) depending on the etiology and secondary factors 
[19]. Mucoscopic features show brownish hairlike elongation of filiform papillae 
which are interspersed with white fungiform papillae [17].
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3.8.2 Benign migratory glossitis

It is a psoriasiform mucositis with a characteristic feature of constantly changing 
pattern of white serpentine lines and surrounding areas of smooth and depapillated 
mucosa [27]. Under mucoscopy, reddish areas due to atrophy of filiform papillae and 
white lines demarcating the unchanged areas are seen [28].

3.8.3 Median rhomboid glossitis

This is a developmental anomaly of tongue because it is seen due to defective 
midline fusion of two lingual swellings and posterior fusion of tuberculum impar, 
leaving a rhomboid shaped smooth erythematous area. Features under mucoscopy 
shows desquamated or absence of lingual papillae and periphery of the lesion shows 
presence of normal papillae [28].

3.9 Aphthous stomatitis

This is a very common multifactorial disease with solitary or multiple pain-
ful ulcerations. Clinically these ulcers with gray membrane, necrotic centre and 
raised margins surrounded by erythematous halo [27]. Mucoscopically, yellowish 
to red central part encircled by a whitish structureless region and a circular edge of 
erythema [4].

3.10 Irritational fibroma

It is formed by the focal hyperplasia of connective tissue as a reaction to the 
induced trauma or irritation in the oral cavity. Dotted and irregular vessels are seen on 
a pinkish colored background under mucoscopy [29].

3.11 Pigmented lesions

The common pigmented lesions on oral mucosa are labial pigmented/melanotic 
macule, mucosal melanosis and physiological gingival melanin hyperpigmenta-
tion. Mucoscopic features of pigmented melanotic macule are reticular or parallel 
linear lines (including hyphal or fish-scale variants), dots or globules on surface, 
structureless area. In case of ephelides seen in Peutz-Jeghers or Addison disease we 
notice brownish, intertwined network “moth-eaten” borders or thick reticular lines 
with grayish granules or globules [30–32]. In case physiologic pigmented gingiva the 
mucosopic features is simply a homogenous brownish structureless area [33].

Amalgam tattoo is also one of the common pigmentations seen in the oral cavity. 
These pigmentations are seen as radio-opaque areas on radiographs [34], but mucos-
copy shows structureless, homogenous, grainy, bluish pattern [35].

Oral melanoacanthoma also present as brown/black well-circumscribed macules 
or papules which may increase in size up to few centimeters [36]. Their starburst pat-
tern with symmetric pigmented streaks along the lesion’s periphery under mucoscopy 
can differentiate them from Peutz-Jeghers or Addison disease [35].

Melanocytic nevi are well defined macules. They can be congenital or acquired. 
They are classified as junctional, compound and intradermal/intramucosal. 
Mucoscopy of these macules show structurally homogeneous with wide or noticeable 
pigment network and streaks [34].
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3.12 Cheilitis

It is a multifactorial disease affecting the lips. Due to varied aetiological factors 
the clinical presentation also varies, similarly the features under mucoscopy. Lesions 
associated with ulcerations presented with yellow to red structureless areas, fibrillar 
network. In allergic cheilitis yellowish to white scale and pinkish white structureless 
areas along with dotted vessels were evident. Few additional features to the later can 
be large red globules or scattered dotted vessels [37].

3.13 Squamous cell carcinoma

Squamous cell carcinoma (SCC) is the second most common malignancy. Even 
though the gold standard of diagnosis for squamous cell carcinoma is biopsy trailed 
by histopathological evaluation, non-invasive diagnostic tools have found increased 
attention. Dermoscopy has become one of the basic diagnostic methods in clinical 
practice. The most common dermoscopic features of non-invasive squamous cell 
carcinoma include clustered vascular pattern, glomerular vessels and hyperkeratosis 
[38]. Whereas invasive squamous cell carcinoma presents with a vascular polymor-
phism comprising of linear irregular, hairpin and grouped glomerular/dotted vessels 
over a whitish background with a central core of keratin or ulceration [39].

The clinic-dermoscopic-pathologic correlation can be shown with white-colored 
criteria, including scales/keratin, white circles, white halos and structureless whitish 
areas in well- or moderately differentiated variant. Whereas in poorly differentiated 
SCCs predominantly red color is seen which results from the presence of bleeding and/or 
dense vascularity, in the absence of scaling and keratin or other white-colored criteria. A 
diffuse distribution of vessels in various patterns and bleeding are signs of poor dif-
ferentiation, while scaling is indicative of well- or moderately differentiated SCC [40]. 
Keratoacanthoma is a common low-grade tumor which closely resembles SCC micro-
scopically. The most important dermoscopic features to keratoacanthoma and SCC are 
white circles, keratin crust/scale, blood spots, and white structurless zones. White circles 
are more common in SCC and keratin crust/scale in keratoacanthoma [38].

4. Conclusion

The dermatoscope has gained incredible popularity among dermatologists as an 
adjunctive tool to better visualize subsurface structures and identify patterns that 
may improve the diagnosis of a wide range of skin diseases. Similarly, mucoscopy 
should also be developed by analyzing many more cases on each above stated entities 
to confirm and support the findings. Difficulties in mucoscopy like hard-to-reach 
areas, contamination of instrument, conditions in which mouth opening difficulty 
is seen and cost effectiveness have to be encountered. The future of dermatoscopy/
mucoscopy will involve combination of artificial intelligence that will make the 
assessment process increasingly objective, more accurate, and universally available. 
Despite the use of use dermatoscopy long, its widespread use on mucous membrane 
still remains unclear, whether it has decreased biopsy rates of benign lesions, reduced 
health care costs, or improved patient outcomes.
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Chapter 6

Squamous Cell Carcinoma of Head 
and Neck
Chanyoot Bandidwattanawong

Abstract

Squamous cell carcinoma of head and neck (SCCHN) is the most common cancer 
arising in the head and neck region. Smoking and heavy alcohol drinking are still 
the well-established causes of most cases worldwide; however, human papilloma-
virus (HPV) infection is the concerning cause in the Western world. The different 
pathogenesis, pathophysiology, and prognosis between HPV-driven and non-HPV 
SCCHN would lead to the different treatment approaches. Breakthroughs in radiation 
techniques, better organ-preserving surgical strategies, and multidisciplinary man-
agement modalities are the major reasons for the curability rate among patients with 
early and locally advanced SCCHN. Unfortunately, among patients with advanced, 
recurrent, or metastatic diseases, the treatment remains an area of need. Such patients 
usually die within a few years. The immune checkpoint inhibitors have been shown 
to provide astonishingly better survival, but only among a small and not definitely 
known proportion of patients. Investigating the more specific biomarkers predicting 
the treatment response and novel therapeutic options is warranted. In this review, we 
highlight the latest advances in pathophysiology, treatment, and the future direction 
of researches.

Keywords: squamous cell carcinoma of head and neck, human papillomavirus, 
smoking, systemic therapy, radiotherapy, immunotherapy, immune checkpoint 
inhibitors, biomarkers

1. Introduction

Squamous cell carcinoma of head and neck (SCCHN) is cancer arising from the 
squamous epithelium in the oral cavity, pharynx, and larynx. It is the most common 
cancer that develops in the head and neck. According to the Global Cancer Statistics 
2020, approximately 750,000 new cases were estimated and nearly 360,000 cases 
died annually. The lip and oral cavity are the most common sites, while, in respective 
order, larynx, oropharynx, and hypopharynx are less common sites [1]. Men are sig-
nificantly more likely to develop SCCHN than women with an incidence ratio around 
2:1 to 4:1 [2]. The average age of diagnosis is 50–70 years [3]. Globally, the incidence 
of HNSCC has increased by 36.5% over the past decade [4]. The prevalence of SCCHN 
varies across regions of the world and has been presumably correlated with tobacco 
use, excessive alcohol consumption, or both. There has been a significant decline 
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in tobacco uses in Western countries during the last few decades, which has led to 
a sharp decline in smoking-related SCCHN [5]. On the contrary, there has been a 
significant increase in global epidemics of human papillomavirus (HPV)-associated 
SCCHN [6–8]. Around one-eighth of the incident cases of SCCHN comprise oropha-
ryngeal squamous cell carcinoma (OPSCC), with HPV being an important associated 
risk factor for its development. HPV infection would be implicated with a small 
number of other SCCHN subsites. Data in this regard are quite inconclusive, presum-
ably as a result of insufficient details on anatomical tumor localization and different 
HPV detection methods [9]. SCCHN of the oral cavity, hypopharynx, and larynx are 
associated with smoking and are categorized into HPV-negative SCCHN. No screen-
ing strategy has proved to be effective, unfortunately. Vigilant and careful physical 
examination of the population at risk remains the effective approach for early detec-
tion [3, 4]. With the exception of early-stage carcinomas of lip and oral cavity which 
surgery is the main curative treatment (with radiotherapy or chemo-radiotherapy 
as the adjuvant treatment depending on disease stage and clinical risk or laryngeal 
cancers that are amenable to either surgery or radiotherapy/chemo-radiotherapy), 
the majority of patients with SCCHN need multi-modality approaches. In this review, 
the latest advances in the pathophysiology of both HPV and non-HPV-driven SCCHN 
and their impact on the management will be elucidated. Perspectives on future direc-
tions will be provided as well.

2. Epidemiology and pathophysiology of HNSCC

2.1 HPV-associated SCCHN

2.1.1 Pathophysiology

Human papillomavirus (HPV) has been recognized as the major cause of oro-
pharyngeal squamous cell carcinoma (OPSCC). HPV is sexually-transmitted. Early 
sexual experience as well as a high number of sexual partners, especially oral sex 
partners, and previous genital warts are the risks for HPV-associated (HPV(+)) 
OPSCC. There is a higher prevalence of HPV(+) OPSCC in men compared with 
women, and white populations compared with Asians and black populations 
[10–12]. The prevalence varies from less than 10% of all OPSCC cases in developing 
countries to 60–70% in the United States [13–15]. These variabilities are supposed 
to be, at least in part, due to the difference in sensitivity and specificity of the HPV 
detection assays, characteristics of the study cohorts, and their confounded risk 
factors especially tobacco uses and alcohol consumptions in the study population 
[16]. HPV infects the stratified squamous epithelia, both cutaneous and mucosal 
including the skin of hands and feet, as well as the anogenital tract, mouth, throat, 
and respiratory tract. Tonsillar crypt cells, similar to uterine cervical squamocolum-
nar junction cells, are arranged in a discontinuous single-layered epithelium that is 
more susceptible to cellular transformation than cells within other parts of the head 
and neck region [17, 18]. These perplexed invaginated crypts are naturally designed 
to entrap bacteria and foreign materials, driving the expression of programmed 
cell death-1 ligand-1 (PD-L1) [13]. The PD- L1 is responsible for immune evasion 
by binding programmed death-1 (PD-1) receptors expressed by the immune cells; 
therefore, the PD-L1 overexpression in tonsils promotes persistent HPV infection 
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allowing carcinogenesis [14]. Moreover, in tonsillar crypts, the establishment of a 
biofilm composed of bacterial microcolonies encased in a glycocalyx matrix con-
tributes to the HPV capability to escape the immune system [15]. The HPV family 
composes of circular, double-stranded DNA viruses of 8000 base pairs encoding 
proteins involved in viral replication (E1 and E2/E4) and assembly (L1 and L2), as 
well as accessory proteins (E5, E6, and E7). High-risk HPV types, including HPV16, 
HPV18, HPV31, HPV33, HPV35, HPV39, HPV45, HPV51, HPV52, HPV56, HPV58, 
HPV59, and HPV68, can induce malignant transformation of the infected oro-
pharyngeal epithelium [19] by disrupting cell-cycle check points through E6- and 
E7-mediated degradation of p53 and Rb proteins, respectively [20]. Furthermore, 
the integration of the viral genome leads to E6/E7 expression, followed by disrup-
tion of the E2 coding region and dysregulation of E6/E7 themselves. This enables 
HPV to create the condition of persistent infections and replications. While the 
infected epithelial cells are gradually differentiated, the viral proteins are synthe-
sized; however, no viral particle is actually produced. This non-productive infection 
by HPV is a key for cancer formation [21]. During carcinogenesis, the HPV E6 and 
E7 oncoproteins decrease the levels of p53 and functional Rb by post-translational 
regulation, resulting in aberrant overexpression of the cell-cycle protein p16 [22], 
which can be detected by immunohistochemistry (IHC) [23], rationalizing its use 
as a surrogate marker for the emergence of high-risk HPV-inducing cancer transfor-
mation rather than the infection as detected by an HPV DNA assay. Nevertheless, 
p16 expression is frequently lost in most cancers due to gene mutations, deletions, 
or promoter methylation [24], and p16 silencing has been reported to be as a result 
of tobacco exposure [25], indicating that this marker should be used carefully in 
the co-presence of risk factors. Interestingly, alcohol consumption is also correlated 
with p16 loss [26]. Thus, in non-OPSCC patients (mostly HPV negative) other risk 
factors can affect p16 status.

2.1.2 Prognosis

HPV status classifies OPSCC in particular into two distinct diseases (HPV(+) 
and HPV(−)) and it is still the only clinically biomarker that has been extensively 
validated from both retrospective and prospective studies. Several studies have shown 
that patients with HPV(+) OPSCC, as identified through PCR, in situ hybridization, 
or p16 immunohistochemistry (IHC) on tumor tissues, have shown that HPV(+) 
tumors are more likely to present with earlier T stage (T1-T2) and well-defined 
borders [27] or even occult primary tumors but have higher N stage (usually cys-
tic and involving multi-level of the cervical lymph nodes) [28], and usually have 
poorer tumor differentiation, either non-keratinizing or basaloid histopathology 
[27]. Furthermore, the studies on correlation with clinical and imaging charac-
teristics revealed that it usually had well-defined contours with exophytic growth 
(less necrotic and less ulcerated) and trended to uninvolved muscle tissue [28, 29]. 
Smoking also influenced clinical and imaging manifestations of HPV(+) OPSCC that 
were different from HPV(+) OPSCC in non-smoker [29]. The incidence of distant 
metastases seemed to be lower and if occurred, metastases usually developed later 
and with a very different pattern from patients with HPV(−) one. HPV(+) OPSCC 
had a 28% reduction in the risk of death and a 49% reduction in the risk of disease 
recurrence [30]. Second, primary tumor in patients with HPV(+) OPSCC is uncom-
mon, and more likely to have a better overall survival rate compared to patients with 
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HPV(−) ones [31]. The significantly better overall and disease-free survival compared 
with patients with HPV(−) have been confirmed by many prospective phase 3 clinical 
trials [30, 32–39]. Even after adjustment for differences in favorable prognostic factors 
that were usually associated with HPV-positive patients (younger age, better per-
formance status, fewer co-morbidities, less-or never-smoking) [32]. Consequently, 
numerous studies agreed on the fact that HPV(+) OPSCC led to a survival difference 
of up to 26.9% over HPV(−) one [40]. Smoking, on the other hand, has a negative 
impact on treatment efficiency and survival outcome. Smoking blunted the posi-
tive impact of HPV on survival as well. HPV(+) non-smoker had better prognosis 
compared with HPV(+) smoker, regardless of HPV detection methods (HPV DNA 
PCR, ISH, p16 IHC) used [41]. Since HPV(+) differs from and has a more favorable 
prognosis than HPV(−) OPSCC, the recently released Eighth Edition of the American 
Joint Committee on Cancer proposed the staging algorithm specifically for HPV(+) 
OPSCC, distinguishing it from HPV negative OPSCC. According to the new staging 
system, 92% of patients with HPV-positive OPSCC could be downstage, and up to 
64% of patients were now staged as stage I disease [42]. Van Gysen et al. conducted 
a retrospective cohort study to validate the new AJCC staging system for HPV(+) 
OPSCC and demonstrated that this system better discriminated between stage I and 
stage II HPV(+) OPSCC with respect to OS compared with the seventh edition staging 
system. However, further investigation was required for stage III or IV patients [43].

2.1.3 HPV detection strategies

HPV testing in OSCC varies in detection targets including HPV DNA polymerase 
chain reaction (PCR) for E6/E7 viral oncogenes, HPV E6/E7 mRNA detection 
quantitative reverse transcription-PCR (qRT-PCR), DNA in situ hybridization (ISH), 
RNA ISH, and p16 immunohistochemical staining (IHC) as a surrogate marker for 
HPV status [44]. There is still no consensus regarding which method should be the 
gold standard. The PCR techniques are complex and have low specificity because they 
cannot distinguish between HPV acting as an oncogenic driver and transcription-
ally silent virus from non-pathogenic or contaminated one [45]. Even though the 
detection of viral E6/E7 mRNA by RT-PCR is widely accepted as the gold standard 
due to its higher sensitivity, more specificity in detection of the oncogenic viral 
mRNA/DNA target, and its feasibility on formalin-fixed, paraffin-embedded tissue 
(FFPE) block [46], there are serious limitations including its time-consuming and its 
decreasing sensitivity depending on the quality of samples. The DNA ISH is another 
molecular test with high specificity, which enables direct detection of the presence 
of oncogenic HPV in matched topographical relationship with pathological samples, 
ascertaining that the pathogenic viral DNA emerges from tumor cells and not sur-
rounding normal tissues. Furthermore, ISH has the advantage of being feasible in 
both FFPE tissues; however, this technique still lacks sufficient clinical validation. 
The DNA ISH is currently not used in routine practice [47]. Lydiatt et al. suggested 
that the test should be simple, inexpensive, and reproducible [42]. Not only the p16 
IHC is the well-established marker as a surrogate for the presence of the oncogenic 
HPV, but also an independent positive prognostic factor among patients with OPSCC 
[48]. In particular, the cutoff point for p16 overexpression is diffuse (more than 75%) 
tumor expression localized to tumor cell nuclei and cytoplasm, with at least moderate 
(2+ or 3+) staining intensity. Either cytoplasmic-only staining or staining on other 
non-oropharyngeal sites is considered non-specific [49].
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2.2 HPV-negative (−) SCCHN

2.2.1 Pathophysiology

Tobacco smoking is classified as being carcinogenic to humans by the International 
Agency for Research on Cancer (IARC) [50] and there are strong supporting evi-
dences of association with head and neck cancer [51]. The HPV(−) SCCHN is char-
acteristically seen in patients with a history of heavy tobacco and alcohol use [52]. 
Interestingly, HPV(−) SCCHN can occur in relatively young patients without a his-
tory of tobacco use, and the incidence has been rising with unclarified etiology [53]. 
Different brands of cigarettes and cigars use varying formulations of blended tobac-
cos affecting the various amount of nicotine and carcinogen content, thus impacting 
the toxicity of the smoke [54]. Smokeless tobacco products such as chewing tobacco, 
snuff, gutkha, and betel quid have been associated with oral cavity cancer for several 
decades. Some of the added components to these products can promote or modulate 
the absorption rate of nicotine. Areca nut commonly used in chewing tobacco prod-
ucts in India and Southeast Asia contains the alkaloid drugs arecoline, muscarine, 
and pilocarpine, which cause cholinergic mood-relaxing effects promoting addic-
tive effect [18]. The pH of a tobacco product affects the rate of nicotine absorption. 
Buffering substances such as slacked lime or calcium carbonate that usually consist in 
gutkha and betel quid result in elevating the pH; therefore, they enhance the rate of 
nicotine absorption [55]. Both tobacco and especially tobacco fume are loaded with 
polycyclic aromatic hydrocarbons (PAH) and nitrosamines, which are the established 
human carcinogens and are strongly related to the risk of SCCHN. Their reactive 
metabolites, if not appropriately detoxified and excreted, lead to DNA damage, char-
acteristically by promoting the generation of bulky DNA adducts. If such damages 
are not accurately and promptly repaired, the permanent damages as demonstrated 
by mutations, deletions, and amplifications can emerge. The TP53 and CDKN2A that 
encode p53 and p16INK4A, respectively, are the most common genomic abnormalities 
in HPV(−) SCCHN. Furthermore, signaling pathways such as phosphoinositide 
3-kinase (PI3K)–AKT–mTOR and MAPK pathway genes are mutagenically over-
activated. Such genetic abnormalities are associated with the onset, progression, and 
adverse prognosis of HPV-negative SCCHN [56]. The fact that TP53 mutations in 
SCCHN have distinct signatures from TP53 mutations with aging and ultraviolet light 
exposure indicates the truly different mechanisms of genetic damage [57]. In contrast 
to HPV(+) OPSCC that the TP53 gene is rarely altered, since p53 in HPV(+) OPSCC is 
eliminated by the action of E6 [56]. Excessive alcohol drinking is known to synergize 
with tobacco use to promote the carcinogenesis of HPV(−) SCCHN, in particular. It 
is postulated that alcohol would function as a solvent for carcinogens to enhance the 
exposure of epithelial cells to these substances [58]. Alcohol is metabolized to acetal-
dehyde inducing the DNA adducts [59].

2.2.2 Prognosis

One of the unique characteristics of tobacco smoking-induced squamous cell 
carcinoma is the development of synchronous and/or metachronous second primary 
tumors arising at an exceptionally high rate after the diagnosis of an initial primary 
tumor and can be occurred along the aero-digestive tract including the head and 
neck, esophagus, and lungs [60]. The concept of “field cancerization” suggests that 
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the carcinogens trigger the genomic damages along with the large anatomical fields 
as far as the tobacco fume can approach [61]. There are evidences supporting that the 
size of the damaged anatomical field may increase with patient age, as well [62]. A 
pooled analysis within the International Head and Neck Epidemiology Consortium 
demonstrated that besides older ages at diagnosis and advanced tumor staging that 
were the consistent adverse prognostic factors of survival, cigarette smoking was an 
independent unfavorable prognostic factor for overall survival (OS) among patients 
with OPSCC. Intense smoking (as defined as >20 cigarettes/day) was also an indepen-
dent prognostic factor for OS among patients with oral cavity cancer. On the contrary, 
among patients with laryngeal cancer, low educational level was rather a deleterious 
prognostic factor for OS; moreover, the intensity of alcohol drinking was the prog-
nostic factor for both of the OS and head-and-neck-cancer-specific survival [63].

Apart from the carcinogenic effects of tobacco, abundant evidence have demon-
strated adverse effects of tobacco on various treatment-related outcomes in patients 
with SCCHN, including radiotherapy efficacy, surgical outcomes, and wound 
complications. Chen et al. reported that continued smoking during receiving radio-
therapy was associated with inferior 5-year overall survival, locoregional control, 
and disease-free survival [64]. In addition, patients undergoing surgical treatment 
for SCCHN who were current or former smokers were more likely to have various 
postoperative complications including wounds and infections resulting in a longer 
length of stay than never smokers [65]. Marin et al. conducted a prospective study on 
the effect of smoking on wound healing in smokers undergoing free tissue transfer 
and concluded that those who were current smokers as indicated by high serum 
cotinine concentration, a metabolite of nicotine, would predict an increased risk of 
wound complication [66].

3. Management of newly diagnosed, early, and locally advanced SCCHN

3.1 Primary surgical approaches in SCCHN

Primary surgical treatment is usually considered as the standard of care for oral-
cavity cancers, carcinoma of the true glottis, and sino-nasal cancers. The oral cavity 
cancers (OCC) are easily accessible trans-orally. Both the true glottis larynx (vocal 
folds) and paranasal sinus are void of lymphatics. Therefore, the primary surgical 
approach is the treatment of choice for such cancers and is associated with high 
cure rates with acceptable morbidity. In the case of oral cavity cancers, it has been 
recognized that the prognosis of OCC worsens when the tumor is thicker. The revised 
AJCC 8th edition cancer staging manual emphasizes the significance of the depth of 
invasion (DOI). For every 5-mm increase in DOI (microscopically measured from the 
level of the basement membrane of the closest adjacent normal mucosa), both cT and 
pT categories are right now categorized to one level increasing according to the fol-
lowing: ≤ 5 mm, >5 mm but ≤10 mm, and > 10 mm [42]; therefore, the DOI should be 
taken into account prior to consideration of surgery with curative intent. Besides oral, 
laryngeal, and sino-nasal cancers, the primary surgical approach is more suitable for 
stage I-II diseases. Oropharyngeal cancers (OPC) may be managed by either primary 
surgery or radiotherapy with the comparable outcomes [67, 68].

Among patients with laryngeal cancer, definitive chemoradiotherapy (CRT) is the 
time-honored preferred treatment, especially for the reason of organ preservation. 
Surgery is usually reserved as salvage treatment. According to the landmark RTOG 
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91–11, local control and larynx-preservation rates were significantly higher with 
concomitant cisplatin and RT (definitive CCRT); however, the OS curves separated 
after 4 years, favoring induction chemotherapy (IC) followed by RT alone. Although 
CCRT had the lowest rates of cancer-related deaths, it also had the highest rate of 
non-cancer deaths compared with IC, presumably attributed to late swallowing 
dysfunction and aspiration [69]. Patel et al. conducted a real-world retrospective 
analysis of treatment outcomes between surgical (partial laryngectomy (PL) or total 
laryngectomy (TL) with or without adjuvant radiotherapy with or without concomi-
tant chemotherapy) and non-surgical (definitive CCRT)) management among 8703 
patients with non-T1, stage III/IV, glottic, and supraglottic cancer from the National 
Cancer Data Base during 2003–2011. They demonstrated that non-surgical definitive 
CRT resulted in equivalent survival outcomes among patients with non-T4, low nodal 
burden (N0-N1) disease, and even better than surgical management (with or without 
adjuvant treatment) among patients with non-T4, high nodal burden (N2-N3) disease. 
However, patients with T4 disease, TL followed by adjuvant RT, or CCRT had superior 
survival outcomes compared with non-surgical definitive CCRT [70]. This study did 
not analyze the outcomes of IC, which was commonly used in the current practice of 
organ preservation. Also noted was the fact that not all T4 diseases were amenable to 
curative surgery especially those with T4b and those with supraglottic primary.

Since head and neck cancers have a propensity to metastasize to cervical lymph 
nodes, lymphatic drainage of the primary site and the risk of occult metastatic 
spread guide decisions regarding additional therapy. Radical neck dissection (RND) 
is to remove neck nodes of levels I–V, accessory nerve, internal jugular vein, and 
sternomastoid muscle, and this procedure is compulsory for most of the diseases with 
obviously clinical lymph node metastasis. If preservation of one or more of the acces-
sory nerve, internal jugular vein, or sternomastoid muscle is possible, the procedure 
is called modified radical neck dissection (MRND) (types I, II, III, respectively). If 
removal of one or more additional lymphatic and/or non-lymphatic structures(s) 
relative to a RND, for example, level VII, retropharyngeal lymph nodes, hypoglossal 
nerve is necessary to eradicate all of the suspicious sites, it is called extended radical 
neck dissection (ERND). If the reservation of one or more levels of lymph nodes 
is possible, the procedure is called selective node dissection (SND). SND is usually 
indicated for clinical node-negative disease with a higher chance of occult lymphatic 
metastasis, that is, when a primary tumor deeply invades (ipsilateral removal of the 
most possible lymph node groups with tumor spread) or when primary tumor at a site 
with rich lymphatics crosses the midline (contralateral removal) [71].

More recently, transoral robotic surgery (TORS) and transoral laser microsur-
gery (TLM) have emerged as the primary surgical modalities in the management of 
oropharyngeal carcinoma (OPSCC), in particular. As compared with standard open 
surgery, these techniques have been shown to reduce hospital stays and feeding tube 
requirements at 1 year [72]. In OPSCC, TORS is suitable for the management of small-
sized tumors (cT1–T2) [73]. Even though, about 17–31% of patients who underwent 
TORS eventually needed to receive salvage radiotherapy and/or chemotherapy. Thus, 
about a quarter of these patients eventually needed multi-modality therapy.

3.2 Multi-modality approach in locally advanced SCCHN

More than 60% of patients present with stage III or IV disease, which is character-
ized by large tumors with extensive local invasion (clinical T3–4) and metastases 
to regional nodes, or both. Locally advanced disease is associated with a high risk 
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of local recurrence (15 to 40%) and distant metastasis, with a grave prognosis 
(5-year OS, <50%) [74]. A dilemma usually exists between whether it would take to 
completely remove a bulky or extensively infiltrated tumor versus the impact such 
a resection would have on the patient’s quality of life and self-image. When surgical 
resection is not feasible due to in-operable diseases, pre-existing serious co-morbid-
ities, or on the condition that curative surgery would lead to unacceptable long-term 
functional and or cosmetic outcomes, the definitive concurrent chemo-radiotherapy 
(CCRT) is the most suitable choice.

The recent American Joint Commission on Cancer (AJCC) revised the T-staging 
classifications of head and neck cancers [42]. The T4 disease is subcategorized into 
T4a and T4b designations. Most patients with T4b tumors are generally defined as 
definitely unresectable, whereas the T4a tumors are potentially resectable. However, 
they need more devoted surgical techniques, if curative intent is primarily considered. 
The T4b is characterized by one of the following features: 1) vascular encasement 
and invasion, 2) prevertebral space invasion, and 3) invasion of mediastinal struc-
tures. The locally advanced disease generally harbors high-risk adverse features. The 
independent pathologic risk factors for recurrence include T3 or T4 tumors, multiple 
involved nodes, lymphovascular invasion, anatomic location, low neck location of 
lymph node involvement, extra-nodal extension (ENE), perineural invasion, and 
close/positive margins [75–77]. The more number of risk factors, the more the chance 
such a patient has increased risk of recurrence [78]. In addition, poorly differentiated 
tumors and, especially for oral cavity cancers, the depth of invasion (DOI) would be 
at risk for recurrence [79]. Consequently, all patients with stage III-IV diseases need 
postoperative radiotherapy (PORT) as a part of treatment with curative intent. Two 
large randomized controlled trials, the EORTC 22931 [80] and the RTOG 9501 [81], 
demonstrated a statistically significant loco-regional control (LRC) benefit with the 
addition of cisplatin of 100 mg/m2 to PORT, given every 3 weeks for three cycles for 
patients with “high-risk” features. Both studies reported that serious (grade ≥ 3) 
toxicity occurred more than doubled with the addition of chemotherapy. However, 
the rate of distant metastasis did not differ between arms. When the results of the 
EORTC and RTOG trials were analyzed in a meta-analysis, a statistically significant 
OS improvement was determined in favor of postoperative adjuvant chemo-radio-
therapy, especially for patients with ENE and close/positive surgical margins [82]. An 
OS benefit of an alternative schedule of cisplatin administration of weekly 50 mg/m2 
added to PORT was also demonstrated for stage III/IV SCCHN with ENE; however, 
the LRC was not proven [83]. The Japanese group (JCOG 1008) trial also showed the 
non-inferiority of the alternative schedule weekly cisplatin 40 mg/m2 to three-weekly 
cisplatin in high-risk patients with microscopically positive margin and/or ENE [84]. 
In general, PORT should be commenced within 6 weeks after surgery [85]. A meta-
analysis by Matuschek et al. showed no improvement in OS, PFS, or LRC with post-
operative accelerated fractionation compared with conventional fractionation [86]; 
however, among patients with stage III/IV and a prolonged interval from surgery to 
RT, the accelerated fractionation seemed to result in better DFS or LRC benefit [87].

The recent MACH-NC meta-analysis revealed that chemotherapy when used con-
comitant with radiotherapy (RT) either as definitive treatment or following surgery 
in case of pathological adverse features led to an absolute benefit of 6.5% at 5 years 
and 3.6% at 10 years. Concomitant chemotherapy showed a significant effect on 
loco-regional failure (LRF), but not on distant failure (DF). For event-free survival 
(EFS), the meta-analysis demonstrated the highest effect for poly-chemotherapy 
with platin salt (HR = 0.74 [0.67; 0.82]) and the lowest for mono-chemotherapy 
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without platin salt (0.86 [0.80, 0.93]). However, for OS, the interaction was border-
line significant. Notable, the effect of chemotherapy on survival was decreasing with 
increasing age, probably due to the fact that more non-cancer deaths were reported 
more among patients 70 or over. The induction chemotherapy (IC), on the other 
hand, did not improve the LRF rate, OS, and EFS, even though it could decrease DF. 
There was no significant variation of the effect on OS according to the type of induc-
tion chemotherapy. The docetaxel/cisplatin/5-FU (TPF) regimen seemed to perform 
best in terms of EFS, but not OS compared with other regimens. Neither OS nor EFS 
was improved with adjuvant chemotherapy (AC). Moreover, AC led to a significant 
decrease in LRF and DF, as well as the deleterious effect on 120-day mortality [88]. 
Gau et al. suggested that IC (TPF regimen, in particular) might have less interest in 
OPSCC, especially among those associated with HPV. The IC would be most prefer-
ential if functional laryngeal preservation is the priority [89]. Petit et al. performed 
an individual patient data network meta-analysis to compare various kinds of multi-
modality management with loco-regional therapy alone (surgery, RT, or both) in 
patients with locally advanced SCCHN. Hyper-fractionated RT with CCRT (HFCRT) 
was ranked as the best treatment for OS, whereas IC with TPF regimen followed by 
locoregional therapy (ICTax-PF-LRT), accelerated RT with CCRT (ACRT), IC with TPF 
regimen followed by concomitant chemo-radiotherapy (ICTaxPF-CLRT) and CCRT 
with platinum-based chemotherapy (CLRTP) were ranked less in consecutive order. 
Unfortunately, the treatment-related toxicities were not included in the analysis, even 
though HFCRT would be too toxic to be assigned in routine practice [90].

Among patient’s ineligible to cisplatin, either carboplatin/5-FU or carboplatin/
paclitaxel are both the acceptable alternatives used in concomitant with RT [67].

3.3 De-escalation strategy for HPV-associated OPSCC

Since HPV(+) OPSCC is characteristically more radio-sensitive and chemo-
sensitive than cancers caused by smoking and alcohol, the conventional paradigms 
like postoperative RT involving both tumor bed and neck with or without concomitant 
chemotherapy or definitive high-dose of RT in concomitant with high-dose cisplatin 
seem to be too toxic without incremental survival benefits. De-escalation of therapy 
has been proposed for this particular sub-group based on data demonstrating high OS 
and PFS [91]. De-escalation strategy includes minimally-invasive surgery, reduced 
dose and target volumes of adjuvant RT, and potential omission of chemotherapy.

Transoral robotic surgery (TORS) is a minimally invasive approach that reduces 
morbidity compared with traditional, open surgery most suitable for patients with 
resectable tonsil or base of tongue tumors when the adequate functional outcome can 
be preserved. The ORATOR2 study is an ongoing randomized trial investigating de-
escalated definitive RT-based treatment in comparison with surgery with de-escalated 
adjuvant therapy. Both survival and swallowing quality of life will be evaluated [92].

ECOG-ACRIN 3311 was a randomized trial investigating reduced dose adjuvant 
RT for patients with intermediate postoperative risk factors. Patients with “low-risk” 
(AJCC 7th ed. pT1-T2, N0–1) disease with negative margins were observed, while 
patients with “intermediate risk” (close margins, < 1 mm of ENE, 2 to 4 involved 
lymph nodes, perineural invasion, or lymphovascular invasion) were randomized 
to postoperative RT of either 50 or 60 Gy. “High-risk” (positive margins, > 1 mm of 
ENE, or ≥ 5 involved nodes) patients received standard concurrent RT with cisplatin. 
At a median follow-up of 35.1 months, the outcomes were comparable or even better 
than historical results, and the 3-year PFS rates were 96.9%, 94.9%, 93.5%, and 90.7% 
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for the low-risk, 50 Gy, 60 Gy, and high-risk arms, respectively [93]. The PATHOS 
trial is an ongoing randomized trial investigating a reduction in adjuvant RT and 
chemotherapy. Patients with low-risk disease are observed postoperatively, patients 
with intermediate-risk factors are randomized to 50 Gy vs. 60 Gy, and patients with 
high-risk features are randomized to 60 Gy alone or 60 Gy with cisplatin [94].

Omission of chemotherapy was studied in the randomized phase 2 NRG-HN002 
trial. Patients with p16-positive, AJCC 7th ed. T1-T2 N1-N2b or T3 N0-N2b OPSCC 
with 10 or fewer pack-years of smoking were randomized to the “standard-of-care,” 
60 Gy of RT in 6 weeks with cisplatin vs. 60 Gy of RT in 5 weeks without any systemic 
therapy. The 2-year PFS rate was 90.5% for cisplatin/RT vs. 87.6% for RT alone. 
Unfortunately, RT alone arm did not meet the prespecified 95% confidence interval 
threshold for PFS superiority to 85%; moreover, there was no difference in swallow-
ing quality of life between the 2 arms [95].

Cetuximab, an epidermal growth factor receptor (EGFR) chimeric IgG1 mono-
clonal antibody, was shown to improve survival when used concurrently with RT 
in patients with locally advanced SCCHN as compared with RT alone leading to its 
popularity for use concurrently with RT as an alternative to cisplatin, especially 
among patients ineligible to cisplatin due to impaired renal function. Subgroup 
analysis showed superior survival benefit among patients with p16+. Cetuximab also 
had less nephrogenic (usually mild hypomagnesemia and hypokalemia) than cispla-
tin. Therefore, cetuximab had been investigated as a de-escalation strategy; however, 
three randomized phases 3 trials RTOG 1016 [96], De-ESCALaTE HPV [97], and 
TROG 12.01 [98] demonstrated the statistically significant detriment in both PFS and 
OS for patients treated with cetuximab/RT. In addition, toxicities were not overall 
reduced with cetuximab/RT compared with cisplatin/RT.

In conclusion, while results from well-designed clinical trials are gathering, the 
current data are still insufficient to recommend any de-intensified treatment strategy 
for HPV-associated OPSCC to be implemented in routine clinical practice.

3.4 Post-treatment response assessment and the role of salvage surgery

Since more than two-thirds of SCCHN patients present with locally advanced 
disease, usually not amenable to curative surgery, definitive chemo-radiotherapy is, 
therefore, the treatment of choice. Recurrence rates as high as 60% within 2 years 
of treatment have been reported with 20–30% of patients developing the distant 
metastatic disease [99]. Such patients mandate accurate staging and response assess-
ment to guide appropriate management. Combined fluorine-18 fluorodeoxyglucose 
(F18-DG) positron emission tomography-computed tomography (PET-CT) is capable 
of both determining extent of locoregional and distant disease at initial staging and 
assessment post-treatment response [100]. Data from randomized controlled tri-
als have shown that PET-CT is a precise and cost-effective technique for assessing 
response and would lead to spare 80% of patients from unnecessary salvage neck 
dissection [101]. Nevertheless, post-treatment-related changes in the neck can make 
assessment problematic in some cases, due to evidence suggesting that HPV(+) 
OPSCC may behave differently to HPV(−) SCCHN [102]. The semi-quantitative 
methods of treatment response assessment using standardized uptake value (SUV) 
alone have not been shown to be accurate at assisting a physician’s decision. The more 
reproducible qualitative interpretative criteria have been developed and validated 
in clinical trials to determine their value in predicting residual loco-regional disease 
and would help limit the number of problematically equivocal scan results [103–105]. 
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Zhong et al. conducted a clinical trial to compare the accuracy of four different quali-
tative interpretative criteria (NI-RADS, Porceddu, Hopkins, Deauville) for predicting 
loco-regional control and progression-free survival (PFS) in patients with SCCHN 
treated with curative-intent non-surgical treatment who underwent baseline and 
response assessment FDG PET-CT and demonstrated that all four criteria had similar 
diagnostic performance characteristics; however, Porceddu and Deauville seemed 
to provide the best trade-off limiting indeterminate scores while maintaining a high 
negative predictive value (NPV) [106].

From the practical point of view, the role of PET-CT in determining the necessity 
of elective neck dissection (END) after definitive chemoradiotherapy (CCRT) was 
evaluated in phase 3 non-inferiority trial where 564 SCCHN patients with advanced 
nodal stages were randomly assigned to receive either elective neck dissection (END) 
within 4–8 weeks after CCRT or PET-CT scans at 12 weeks. The 2-year OS rate in 
PET-CT surveillance group was not inferior to the planned-surgery group (84.9 and 
81.5%, respectively). PET-CT-guided surveillance also led to obviously fewer neck 
dissections than planned neck dissection surgery (54 and 221 cases, respectively). The 
PET-CT-guided surveillance would also be cost-effective [107]. Therefore, PET-CT-
guided surveillance after non-surgical definitive treatment should be considered. 
Even though there is still a lack of the widely accepted consensus on the extent of neck 
surgery for residual neck disease after definitive non-surgical treatment, most of the 
experts suggest repeating PET-CT (preferentially), CT or MRI, or ultrasonography 
of the neck, 10–12 weeks after the conclusion of definitive CCRT for patients with 
clinical N2 and N3 diseases and consider observation if no evidence of viable residual 
disease exists; either observation or performing selective node dissection (SND), 
if post-treatment imaging studies interpret inconclusive, and performing SND or 
comprehensive neck dissection if residual neck disease is definitely revealed. In case 
of isolated neck node recurrence (without residual disease in the primary site and 
distant metastasis), comprehensive neck dissection is advocated, if feasible [67, 68].

4. Management of recurrent and/or metastatic HNSCC

As previously mentioned, most patients with recurrent disease are rarely suitable 
for salvage local therapy since such patients usually harbor extensive and intrinsically 
chemo- and radio-resistant diseases not amenable to salvage surgery. Furthermore, 
innovative radiation techniques are beneficial only in highly selective cases with very 
localized and low-tumor burden diseases. Among patients with metastatic disease, 
the prognosis is poor with a median OS of less than 1 year [108].

4.1 Cytotoxic chemotherapy

The platinum doublet therapy has been demonstrated to improve overall response 
rates over single-agent therapy, especially platinum in combination with either 5-fluo-
rouracil (5-FU) or paclitaxel. Both of these combinations were shown equivalent in 
terms of both response rate (RR) (27% vs. 26%) and OS (8.7 vs. 8.1 months) [109]. 
The triplet of paclitaxel, ifosfamide, and either cisplatin or carboplatin was shown 
to have a much higher response rate (58 and 59%, respectively) [110, 111]. The TPF 
(docetaxel, cisplatin, and 5-FU) regimen was also a proven potent triplet with an RR 
of 44% [112]. Unfortunately, the triplets were associated with an unacceptably too 
high incidence of febrile neutropenia, despite the use of primary G-CSF prophylaxis. 
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Therefore, the triplet is not recommended in the palliative setting. Since none of 
these platinum-based combination regimens has been demonstrated an OS benefit 
over single-agent methotrexate, the platinum doublet is recommended exclusively for 
symptomatic and fit patients whose immediate symptomatic relief is the primary aim 
of management.

A substantial number of conventional single agents have been investigated. The 
most commonly used agents are methotrexate, cisplatin, 5-FU, and bleomyin. These 
agents produced a modest response rate of 15 to 30% and a very short duration of 
response of around 3–5 months. Pemetrexed, vinorelbine, irinotecan, a fluoropy-
rimidine analog (capecitabine and S-1), and a taxane (paclitaxel and docetaxel) were 
among the newer agents. However, the taxanes are among the most potent agents to 
be proven in various kinds of tumor characteristics, with RR around 20 to 43% [113].

4.2 Anti-EGFR antibodies

Overexpression of epidermal growth factor receptor (EGFR) is commonly 
observed in SCCHN. Since the survival benefit of cetuximab, a chimeric mouse/
human monoclonal anti-EGFR antibody with concurrent RT had been investigated 
in locally advanced setting [114], and cetuximab was then investigated in recur-
rent or metastatic setting in the EXTREME trial [115]. OS was improved with the 
addition of cetuximab to cisplatin/5-FU (also known as the EXTREME regimen) 
(10.1 vs. 7.4 months; HR 0.80; p = 0.04). In addition, the EXTREME regimen also 
prolonged both PFS from 3.3 to 5.6 months and RR from 20–36% as compared 
with the cisplatin/5-FU combination. Another platinum doublet in combination 
with cetuximab, the TPEx (docetaxel, cisplatin, and cetuximab) regimen failed 
to demonstrate OS benefit over the EXTREME regimen in the phase 2 study, even 
though the overall toxicities were less than the EXTREME regimen. However, their 
OS was astonishingly longest among all randomized trials ever reported of 14.5 vs. 
13.4 months in TPEx and EXTREME, respectively [116]. Notably, this study allowed 
an immune checkpoint inhibitor as a subsequent treatment upon progression. 
Panitumumab, a humanized monoclonal anti-EGFR antibody was also investigated 
in combination with cisplatin/5-FU in the SPECTRUM trial. Although panitumumab 
with cisplatin/5-FU led to significantly longer PFS compared with the platinum 
doublet alone, but it failed to show OS improvement as the primary endpoint (11.1 vs. 
9 months; HR = 0.0873, p = 0.14) [117]. The fact that the SPECTRUM trial allowed 
crossover upon disease progression, while the EXTREME trial did not would be a 
reason for failure to demonstrate OS benefit.

4.3 Immune checkpoint inhibitors

The efficacies of various immunotherapy checkpoint inhibitors (ICI) were 
first assessed in the later-line setting of recurrent or metastatic SCCHN. In phase 
1 KEYNOTE-012 trial, pembrolizumab resulted in a response rate of 18% and 
median OS of 8 months for all patients. Notably, 65% of those who responded were 
continuing to respond at the time of final analysis [118]. Pembrolizumab was then 
investigated in the phase 3 trial KEYNOTE-040 comparing with the standard of care 
(methotrexate, docetaxel, or cetuximab) and shown to have OS benefit among the 
intention-to-treat population (8.4 vs. 6.9 months; HR 0.80, p = 0.0161). The RR was 
14.6% overall, and 17.3 and 26.6% in those with PDL-1+ (combined positive score, 
CPS >1%) and PDL-1+ (tumor positive score, TPS >50%), respectively. The OS was 
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also remarkably longer among those with PDL-1+ (TPS > 50%), compared with the 
intent-to-treat population and those with PDL-1+ (CPS > 1%) (with a significant 
P-value for the interaction of 0.015) [119]. Nivolumab was assessed in the phase 3 
CheckMate-141 trial [120], comparing nivolumab vs. a single-agent (methotrex-
ate, docetaxel, or cetuximab) of an investigator’s choice. As reported in the 2-year 
update, nivolumab improved OS significantly vs. treatment of an investigator’s 
choice (7.7 vs. 5.1 months; HR 0.68); however, PFS was similar between treatment 
arms. Estimated OS rates with nivolumab were consistent regardless of the PD-L1 
expression (<1% vs. ≥1%). HPV status was not the predictive marker.

Pembrolizumab was then further investigated in the first-line setting. The 
KEYNOTE-048 trial randomly assigned platinum-sensitive patients to receive either 
the EXTREME regimen, or a single-agent pembrolizumab, or a combination of the 
platinum (cisplatin or carboplatin)/5-fluorouracil doublet with pembrolizumab 
[121]. Owing to its sophisticated hierarchical data analysis using superiority or non-
inferiority design according to the selected hypothesis, this trial must be interpreted 
cautiously. Although the PD-1 inhibitor did not provide an improvement in both PFS 
and RR in the overall population, monotherapy with pembrolizumab did improve 
OS in patients with a PD-L1+ (CPS ≥1) (12.3 vs. 10.3 months; HR 0.78, p = 0.0086). 
Furthermore, in the overall population, OS of single-agent pembrolizumab was deter-
mined to be non-inferior to the EXTREME regimen (11.6 vs. 10.7 months), while in 
patients with a PD-L1+ (CPS ≥1), pembrolizumab with platinum/chemotherapy was 
even superior to the EXTREME regimen (13.6 vs. 10.4 months; HR 0.77). Interestingly, 
the seemingly decreasing efficacy in analyses of populations with more patients having 
lower CPS was a concerning issue, apparently when shifting the cutoff threshold 
from CPS ≥20 to CPS ≥1 and then to the total populations. In the CPS <1 subgroup, 
there was neither OS advantage of pembrolizumab alone over EXTREME (7.9 vs. 
11.3 months, HR 1.51) nor pembrolizumab/chemotherapy over EXTREME (11.3 vs. 
10.7 months; HR 1.21). In the CPS 1–20 population, the benefit was confined only 
to the pembrolizumab/chemotherapy (12.7 vs. 9.9 months; HR 0.71) but not pem-
brolizumab monotherapy (10.8 vs. 10.1 months; HR 0.86). In the CPS ≥ 20 groups, 
pembrolizumab monotherapy yielded the longest survival, skeptically even better 
than pembrolizumab/chemotherapy. With debatably insufficient statistical power, the 
results from such post hoc analyses are subjected to be biased and should be speculated 
cautiously. The treatment-related side effects of the experimental agent were not 
significantly higher than EXTREME regimen. The immune-related adverse events  
(ir-AEs) were also as expected and manageable. Also noted, the KEYNOTE-048 
excluded patients with progressive disease (PD) within six months of completion 
of curatively intended systemic treatment for loco-regionally advanced disease. The 
subgroup analysis revealed the lack of survival benefit attributable to pembrolizumab 
in patients presenting with local and/or regional recurrence only. Another issue of 
concern is the fact that the proportion of patients in the KEYNOTE-048 study who 
had progressive disease as the best response was indeed greater in the pembrolizumab 
alone group than in the EXTREME arm (41% versus 12% in the total population), 
irrespective of CPS explaining why PFS was not improved overall in every sub-
group of CPS. Whether these results support the hyper-progression phenomenon 
in the pembrolizumab single-agent arm remains to be realized. This rate remains 
relatively consistent around 40% when anti-PD-1 agents are used alone in both the 
first- and second-line settings. Unexpected early disease progression seems to be 
unavoidable even when immunotherapy is used in combination with chemotherapy. 
Pembrolizumab and chemotherapy would likely act independently [122]. The 
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provocative results from the updated data analysis on survival according to the second-
line treatment from TPExtreme trial showed that the taxane-based TPEx regimen fol-
lowed by an ICI in the second line provided longer OS (21.9 and 19.4 months in TPEx 
and EXTREME, respectively) [123]. Whether this sequential cetuximab-based and 
then an immune checkpoint inhibitor would be the best treatment option warrants 
further investigations. Those with symptomatic extensive loco-regional recurrent 
disease or with low PD-L1 expression would be more suitable for the platinum doublet 
(cisplatin/5-FU or cisplatin/docetaxel) with cetuximab as the first line. An ICI should 
be reserved as a second-line option in this scenario.

Other ICIs, including durvalumab, a PD-L1 inhibitor, and tremelimumab, a CTLA-4 
inhibitor, has been also investigated in the second-line setting. Although the phase II 
HAWK trial showed promising activity of durvalumab, with a modest RR of 16.2% 
[124], the survival benefit of durvalumab with or without tremelimumab over chemo-
therapy in the overall population was not proven in the phase III EAGLE trial [125].

As revealed across the reported trials, the toxicity profile of the ICIs is significantly 
more favorable than conventional cytotoxic chemotherapy and is similar to what is 
seen with their use in other solid malignancies. They are generally well-tolerated with 
fatigue (20%) and nausea (9%) being the most common adverse events. Specifically, 
unique for these agents, the ir-AEs include thyroiditis, pneumonitis, hepatitis, colitis, 
nephritis, hypophysitis, myocarditis, myositis, neuritis, adrenal insufficiency, rash, and 
neurological toxicities. Immune-mediated thyroiditis is the most commonly seen (15%), 
whereas the others are less common (<5%). Most of these reactions are usually transient 
and minor (grades 1 and 2). Nonetheless, grade 3/4 can still occur in ~1–2% of the cases 
and may be fatal in some of them. Management depends on the type and severity of the 
ir-AEs. Thyroiditis is usually managed with thyroid hormone supplement alone, while 
the rests, if serious, generally involve either withholding or discontinuing treatment and 
administering high-dose steroids with a slow taper over weeks to months until the toxic-
ity alleviates to grade 1 or completely resolves. Unusual cases with fatal irAEs require 
more potent immunosuppressive agents such as mycophenolate mofetil and infliximab 
(contraindicated in immune-mediated hepatitis) [126].

Despite the positive results from randomized studies showing superiority in objective 
response of immune checkpoint inhibitors over chemotherapy, responses are shown in 
30% overall at best and half of the responders would live dramatically longer for years. 
On the other hand, around 40% of patients did not respond at all and some of them 
had unexpectedly rapid progression during treatment. Identifying the ideal biomarkers 
of response is therefore essential and still remains a subject under investigation. There 
was significant heterogeneity among the available tests for PD-L1. The definitive cutoff 
for PD-L1 positivity was variable across the studies and for a specific kind of tumor. 
Moreover, studies also differed as to whether they evaluated the PD-L1 expression on 
tumor cells only (tumor proportion score or TPS) or tumor cells and tumor-infiltrating 
immune cells (combined positive score or CPS) [127]. The tumor mutation burden 
(TMB), tumor immune microenvironment, HPV status [128], oral and gut microbi-
ome [129] are among the promising alternative biomarkers that have been extensively 
studied; however, no definite conclusion has been proposed.

5. Conclusion

The squamous cell carcinoma of the head and neck is one of the most fatal solid 
malignancies. The promotion of smoking cessation, restricted alcohol consumption, 
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and possibly HPV vaccination would be the most economically effective in cancer 
control. Breakthroughs in surgical and radiotherapy techniques lead to improvement 
in oncological, functional, and cosmetic outcomes, especially among those with 
earlier diseases. Association with HPV is the proven prognostic factor of survival, 
although it is still not a sole predictive marker for treatment guidance. Concurrent 
chemo-radiotherapy has been consistently demonstrated to be the best paradigm of 
management as the definitive treatment for patients with locally advanced disease 
and as the postoperative adjuvant therapy for resectable disease with high-risk 
features. The multi-modality treatment is very effective in cancer management but 
in exchange for significant toxicities. Flail and extreme aging patients are vulner-
able to serious treatment-related adverse events. Carefully-tailored management is 
more suitable for such patients. The recurrent or metastatic SCCHN is almost fatal. 
Although the immune-checkpoint inhibitors have been able to show promising 
survival outcomes, the potentially durable responses are observed in an unknown 
particular subgroup of patients. The researches on biomarkers of treatment response 
and proper sequence between an ICI and other proven systemic therapies are still 
ongoing. The incorporation of novel therapies into clinical practices is also an inter-
esting area to be followed.
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Chapter 7

Squamous Cell Carcinoma of the 
Eyelid and Ocular Surface
Jin-Jhe Wang, Yueh-Ju Tsai and Chau-Yin Chen

Abstract

Squamous cell carcinoma that arises from the eye and its adnexa has gained more 
attention as the incidence rises globally. The malignancy has a broad spectrum of 
clinical manifestations and, if not properly treated, may affect both vision and life. 
In this chapter, we will go over the squamous cell carcinoma that occurs on the ocular 
surface and its adnexa, including the eyelid and lacrimal apparatus. We would like 
to introduce the epidemiology, pathophysiology, diagnosis methods, recurrence and 
prognosis of this squamous neoplasm. Furthermore, we review most of the current 
treatment strategies for squamous cell carcinoma of the eyelid and ocular surface 
ranging from medical to surgical measures.

Keywords: eyelid squamous cell carcinoma, ocular surface squamous neoplasm, 
squamous cell carcinoma of lacrimal apparatus

1. Introduction

Squamous cell carcinoma (SCC) of the eye is an invasive epithelial malignancy 
and involves the periocular skin, ocular surface and lacrimal apparatus [1]. Over the 
past four decades, there has been a progressive rise in the global incidence of SCC on 
account of increased exposure to carcinogens such as ultraviolet (UV) radiation,  
cigarette smoking, immunosuppressive drugs or human papillomavirus (HPV) 
infection [1–3]. The tumor comprises a large and diverse spectrum of conditions 
and threatens both vision and life. Diagnosis and management of patients with such 
malignant ophthalmic tumors present additional challenges.

2. Epidemiology

Eyelid SCC is the second most common periocular skin malignancy, far exceeded 
by basal cell carcinoma (BCC) which is 10–13 times more common [4, 5]. The reported 
incidence of SCC of the eyelid is 0.09 to 2.42 cases per 100,000 persons per year, 
representing 3.4–12.6% of all types of malignant eyelid neoplasms [6]. A longitudinal 
study in England has shown that the age-standardized incidence of SCC has increased 
approximately 2% per year between 2000 and 2014 [3]. It mainly presents in the 
seventh decade of life with a male predominance (1.83:1) [7].
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Ocular surface SCC is the most common primary ocular neoplasm with reported 
incidence from 0.3 to 1.9 per 100,000 persons per year, accounting 4–29% of all 
oculo-orbital tumors [8–10].

Primary lacrimal sac/duct malignancies are very rare with SCC being the most 
frequently reported neoplasm [11]. In one study, only 38 out of 3865 (0.98%) specimens 
of lacrimal sac biopsy showed malignant [12].

3. Demographics and risk factors

SCC is prevalent in the elderly and more frequent among men than women [1, 3]. 
Typically, SCC affects individuals with a fair complexion and a history of chronic 
sunlight exposure, which is reflected in an increased risk in white populations [3]. 
Advanced age and cumulative UV radiation are the major risk factors for SCC for-
mation [6, 13, 14]. There is a doubling in the incidence of SCC with each 10-degree 
reduction in latitude and every decade increase over the age of sixty [3, 15]. Ionizing 
radiation, exposure to chemicals (arsenic, polycyclic hydrocarbons and psoralen), 
high fat diet, cigarette smoking, and infection of HPV also contribute to the forma-
tion of SCC [5]. Higher rate of SCC development has been observed in those with 
immunosuppression secondary to organ transplantation and acquired immunodefi-
ciency syndrome (AIDS) [16, 17]. Studies have shown that the risk of developing SCC 
varies with the types of transplants and the time intervals following transplantation 
[17–19]. Other intrinsic factors predisposing to SCC include preexisting skin  
neoplasms, chronic cutaneous inflammatory lesions (such as nonhealing wounds, 
ulcers, burns, scars and sinus tracts), and genetic skin disorders (such as xeroderma 
pigmentosum, epidermodysplasia verruciformis and albinism) [1, 7, 20].

4. Pathogenesis and pathology

SCC may arise de novo or from preexisting actinic keratosis or carcinoma in situ 
(Bowen disease) [1, 7, 21]. Conjunctival intraepithelial neoplasia (CIN) refers to 
varying degrees of conjunctival epithelial dysplasia. CIN that involves the entire 
epithelium is referred to as carcinoma in situ. In some cases of squamous cell papil-
loma, they have been found to grow quite large, covering the surface of the cornea 
and simulating a squamous cell carcinoma. Most cases of squamous cell papilloma 
are benign tumor, but its potential for malignant transformation has yet to be studied 
(Figures 1 and 2). Development of such malignancy undergoes a multi-step process 
of carcinogenesis involving mutations of genes (such as TP53, CDKN2A, NOTCH1 
and NOTCH2, EGFR and TERT) and molecular pathways (RAS–RAF–MEK–ERK 
and PI3K-AKT–mTOR), epigenetic modifications, viral oncogenesis, and microen-
vironmental changes [18, 22]. Inactivation of the p53 tumor suppressor gene results 
in altered apoptosis and clonal proliferation of keratinocytes [1, 18]. Moreover, 
upregulation of matrix metalloproteinases (MMPs) and other factors account for the 
invasive activity associated with tumor progression [22].

Histologically, SCC is characterized by full-thickness atypia of squamous cells with 
increased mitotic activity, pleomorphism, and prominent nuclei. The tumor is classified 
as carcinoma in situ when it is confined to the basement membrane, and as invasive 
SCC when it extends deep to the dermis or stroma. In a well-differentiated tumor, 
the cells form nests and strands and exhibit polygonal with abundant eosinophilic 
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cytoplasm and hyperchromatic nuclei. Dyskeratosis, keratin pearls, intercellular bridges 
are more prominent. Poorly differentiated SCC presents high pleomorphism with ana-
plastic cells, little keratinization and loss of intercellular bridges. Other variants include 
spindle and adenoid SCC [1]. Immunohistochemical studies may be useful in diagnosis 
as cells are positive for epithelial membrane antigen (EMA), cytokeratin, prekeratin, 
AE1/AE3, MNF16, p63 [5, 23, 24]. Stains for CAM5.2, Ber-EP4, adipophilin, lysozyme, 
S100 protein and desmin are negative [5, 24, 25].

5. Clinical presentation

5.1 Cutaneous SCC of the eyelid and periocular skin

The appearance of cutaneous SCC (cSCC) has a broad spectrum and may be 
indistinguishable from various benign and malignant lesions. Collision tumor, 

Figure 1. 
Periocular squamous cell papilloma with focal mild dysplasia.

Figure 2. 
Diffused type of conjunctival squamous cell carcinoma (conjunctival intraepithelial neoplasm). a, gross view.  
b, high magnification (X2 original).
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a neoplastic lesion comprised of two or more distinct cell populations that maintain 
distinct borders, which is rare but well documented in the eyelid (Figure 3) [23]. 
Studies had reported that the accuracy of preoperative clinical diagnosis of cSCC is 
51–62.7% [6, 7, 26]. The tumor has a predilection for the lower eyelid and medial can 
thus, similar to basal cell carcinomas (BCCs). However, cSCC is more likely to involve 
the upper eyelid than is BCC (Figure 4). SCC of the eyelids grows more rapidly and 
aggressively than does BCC. The tumor typically appears as a slightly raised nodule or 
plaque with irregular margins and overlying scaling, crusting, induration, keratiniza-
tion, or ulceration. Some may feature cutaneous horn, papillomatous lesion, and large 
fungating growth. The periocular architecture may be distorted and madarotic. The 
surface vascularization or telangiectasia is usually absent.

Eyelid SCC has potential for local extension with tissue destruction and perineural 
infiltration which may facilitate intraorbital and intracranial spread with associated 
cranial neuropathies. This occurs in 4–8% of cases [7, 27]. Unlike BCC, SCC tends to 
metastasize to regional lymph nodes and distant sites through lymphatic and hae-
matogenous routes. The rate of metastasis ranges from 1–24% depending on tumor 
size, length of follow up and underlying risk factors [28, 29].

Figure 4. 
Cutaneous SCC of the eyelid. a, preoperative photograph. b, postoperative status with reconstruction.

Figure 3. 
Collision tumor of squamous cell carcinoma and sebaceous cell carcinoma coincident in a single mass. a, 
preoperative photograph. b, postoperative status with reconstruction.
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5.2 SCC of conjunctiva and cornea

Conjunctival or corneal SCC belongs to the disease spectrum of ocular surface 
squamous neoplasia (OSSN). It appears as a fleshy, elevated plaque-like lesion 
usually at the limbus and bulbar conjunctiva within the interpalpebral fissure zone 
[30]. There are three common morphologic patterns: leukoplakic, papillomatous and 
gelatinous [31]. Superficial feeder vasculature and pigmentation of the lesion may 
be prominent, but some tumors may appear avascular. The tumor may cause ocular 
irritation, foreign body sensation, pruritus, conjunctival congestion, decreased 
vision and even diplopia.

Although, the metastatic disease is rare, local invasion through corneoscleral lamella 
into the anterior chamber occurs in about 40% of cases [32, 33]. Mucoepidermoid 
carcinoma and spindle cell carcinoma (Figure 5) are other rare variants of conjunctival 
SCC which tend to be more aggressive and more likely to invade the globe or orbit  
[30, 34]. The incidence of intraocular spread by conjunctival SCC is reported up to 13% 
and orbital invasion about 12–16% [35–37].

5.3 SCC of lacrimal drainage system

The clinical manifestations of lacrimal sac tumors are featureless such as chronic 
epiphora and recurrent dacryocystitis. However, a firm, nonreducible, nontender 
mass with insidious growth above the medial canthal tendon should prompt the sus-
picion of possible malignancy [38, 39]. The tumor may invade the skin and produce 
ulceration and spontaneous bleeding.

Metastasis to regional lymph nodes may also occur. When regional or distant 
metastases are present in all types of ophthalmic SCC, the prognosis is poor, and the 
mortality is high [1].

6. Tumor staging

To achieve minimizing the rate of recurrence, a complete pre-op assessment must 
be made, including a highly precise clinical approach to the diagnostic: whether 
the lesion is circumscribed or diffuse, bilateral or unilateral, suspected to be pre-
cancerous or malign. The extension of the tumor must also be assessed, determining 
the existence of intra-ocular and/or intra-orbital invasion, carrying out palpation of 
regional lymphatics and, when considered appropriate, a systemic extension study for 
detecting metastasis.

Figure 5. 
Advanced spindle squamous cell carcinoma. A, primary site. B, after one year without treatment. C, 
submandibular lymph node metastasis.
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Category Definition

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor ≤10 mm in greatest dimension

T1a Tumor does not invade the tarsal plate or eyelid margin

T1b Tumor invades the tarsal plate or eyelid margin

T1c Tumor involves full thickness of the eyelid

T2 Tumor >10 mm but ≤20 mm in greatest dimension

T2a Tumor does not invade the tarsal plate or eyelid margin

T2b Tumor invades the tarsal plate or eyelid margin

T2c Tumor involves full thickness of the eyelid

T3 Tumor >20 mm but ≤30 mm in greatest dimension

T3a Tumor does not invade the tarsal plate or eyelid margin

T3b Tumor invades the tarsal plate or eyelid margin

T3c Tumor involves full thickness of the eyelid

T4 Any eyelid tumor that invades adjacent ocular, orbital, or facial structures

T4a Tumor invades ocular or intraorbital structures

T4b Tumor invades (or erodes through) the bony walls of the orbit or extends 
to the paranasal sinuses or invades the lacrimal sac / nasolacrimal duct or 
brain

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No evidence of lymph node involvement

N1 Metastasis in a single ipsilateral regional lymph node, ≤ 3 cm in greatest 
dimension

N1a Metastasis in a single ipsilateral regional lymph node based on clinical 
evaluation or imaging findings

N1b Metastasis in a single ipsilateral regional lymph node based on lymph node 
biopsy

N2 Metastasis in a single ipsilateral regional lymph node, > 3 cm in greatest 
dimension, or in bilateral or contralateral lymph nodes

N2a Metastasis documented based on clinical evaluation or imaging findings

N2b Metastasis documented based on microscopic findings on lymph node 
biopsy

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

AJCC, American Joint Committee on Cancer.

Table 1. 
Staging for eyelid carcinoma according to AJCC 8th edition.
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Clinical staging is based on the assessment of cancer by inspection; slit-lamp 
examination, palpation of regional nodes, and clinical photography are used, as 
well as preoperative ultrasound biomicroscopy (UBM) and (Optical Coherence 
Tomograph) OCT when the intraocular invasion is suspected. Radiological examina-
tion (CT, magnetic resonance imaging [MRI], and PET/CT) can be used to examine 
regional node status, paranasal sinuses, orbit, brain, and chest. Ongoing studies are 
designed to clarify the role of sentinel node biopsy in the accurate staging of invasive 
squamous cell carcinoma [40].

TNM staging also includes clinical classification and pathological classification as 
outlined by the American Joint Committee on Cancer (AJCC), this staging applies to 

Category Definition

Primary tumor (T)

TX Primary tumor cannot be 
assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor ≤5 mm. Or less in 
greatest dimension

T2 Tumor >5 mm. In greatest 
dimension, without invasion of 
adjacent structures

T3 Tumor invades adjacent 
structures (excluding the orbit)

T4 Tumor invades the orbit with or 
without further extension

T4a Tumor invades the orbital soft 
tissues, without bone invasion

T4b Tumor invades bone

T4c Tumor invades adjacent 
paranasal sinuses

T4d Tumor invades brain

Regional lymph nodes (N)

NX Regional lymph nodes cannot be 
assessed

N0 No regional lymph node 
metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

AJCC, American Joint Committee on Cancer.

Table 2. 
Staging for conjunctival carcinoma according to AJCC 7th edition.
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squamous carcinomas with the natural history of lymphatic spread to regional nodes, 
the possibility of hematogenous metastases, as well as subsequent locoregional dis-
ease and metastatic disease. Tables 1 and 2 are the staging of eyelid SCC and ocular 
surface SCC, respectively.

7. Management

7.1 Surgical treatment

7.1.1 Conjunctival SCC treatment

The management of CIN or SCC in the ocular surface varies with the extent or 
recurrence of the lesion. To completely destroy or extirpate the tumor through sur-
gery and adjuvating treatments (cryotherapy, topical chemotherapy, radiotherapy) 
remains the widely accepted treatment strategy for primary lesion after precise 
histopathological confirmation.

Most of the primary conjunctival squamous cell carcinoma arises in the interpal-
pebral area near the limbus and the surgical technique for limbal tumors is different 
than that for forniceal tumors [41–44].

In general, for tumors that are circumscribed, limbar or conjunctival bulbar, 
complete extirpation (excisional biopsy) with the smallest possible amount of 
manipulation and a resection margin of 3–5 mm could be sufficient treatment. Limbal 
neoplasms possibly can invade through the corneal epithelium and sclera into the 
anterior chamber and through the soft tissues into the orbit. Thus, it is often neces-
sary to remove a thin lamella of the cornea or sclera to achieve tumor-free margins 
and to decrease the chance for tumor recurrence. The management of limbal lesions 
could involve alcohol epitheliectomy or corneal epitheliectomy with a beaver blade 
for the corneal component and partial lamellar scleroconjunctivectomy with wide 
margins for the conjunctival component followed by freeze–thaw cryotherapy to the 
remaining adjacent bulbar conjunctiva. Bowman’s layer should be respected because 
its removal would facilitate the intraocular penetration of any recurrence [43, 44].

In all cases, the full conjunctival component along with the underlying Tenon’s 
fascia should be excised totally. Those tumors in the forniceal region can be man-
aged by wide local resection and cryotherapy. In diffuse and extended lesions where 
complete resection is difficult, the largest possible extirpation must be made which 
must also allow for a precise histopathological diagnostic.

Because cells from these friable tumors can seed into adjacent tissues, a gentle 
technique without touching the tumor (no-touch technique) is advised. Additionally, 
the operative field should be left dry to minimize the seeding of cells. In some cases, 
microscopically controlled excision (Mohs surgery) is performed at the time of 
surgery to ensure tumor-free margins [45].

7.1.1.1 Incisional biopsy

An extensive suspicious tumor that is symptomatic or suspected to be malignant 
can be approached by incisional wedge biopsy or punch biopsy. In general, it should 
be concerned if tumors occupy 4 clock hours or less on the bulbar conjunctiva, exci-
sional biopsy is preferable to incisional biopsy. Incisional biopsy is also appropriate 
for lesions that are ideally treated with radiotherapy, chemotherapy, or other topical 
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medications. These include metastatic tumors, and some cases of squamous cell 
carcinoma that are unsuitable for surgical management [44].

7.1.1.2 Excisional biopsy

Primary excisional biopsy is appropriate for relatively smaller tumors  
(≦4 clock hours limbal tumor or≦15 mm basal dimension) that are symptomatic 
or suspected to be malignant. In these situations, excisional biopsy is preferred 
over incisional biopsy to avoid inadvertent tumor seeding [44].

7.1.2 Eyelid SCC treatment

Surgery remains the main modality for the management of periocular cancer. 
Unlike other treatment modalities, it allows histological confirmation of the diagno-
sis. Furthermore, examination of the excision margin assesses the adequacy of tumor 
clearance. To minimize the risk of incomplete excision, the larger safe margin of 
excision with at least 4–6 mm for SCC was recommended [46, 47].

Margin control can be achieved using frozen sections, but there are inherent 
inaccuracies in frozen-section techniques, and it is not unusual for frozen sections to 
be clear with involved margins on paraffin-fixed specimens. Confirmation of tumor 
clearance is essential before undertaking periocular reconstruction. Routine paraffin 
fixed specimens take several days to be processed, but the specimens can be processed 
within 24–48 h by prior arrangement with the local pathologist, allowing delayed 
reconstruction.

As it allows three-dimensional assessment of the tumor margins, Mos micro-
graphic surgery (MMS) has excellent cure rates for non-melanoma skin cancers and is 
widely regarded as the gold standard for tumor excision [27].

Supplemental cryotherapy, topical chemotherapy and irradiation should be 
applied if the tumor margin is unclear or if there is residual involvement of bulbar 
conjunctiva.

7.1.3 Reconstruction after surgical excision

Eyelid or periocular malignancies require different considerations from other 
cutaneous malignancies of the same pathohistological cell type. It needs unique 
anatomic considerations to preserve the functional impact of ocular protection and 
vision after wide excision and reconstruction.

For a small conjunctival lesion, double layers closure with Tenon’s fascia first 
and then conjunctiva over wound by primary suture may be enough. In cases where 
excessive conjunctiva is sacrificed, autologous conjunctival or buccal mucosa grafts, 
or amniotic membrane graft may be employed for reconstruction. For eyelid lesion, 
the primary suture is suitable for a small lesion, but an autologous graft or rotational 
flap may be needed for the extensive lesion.

7.2 Topical adjuvating treatments

Mitomycin C (MMC) is an antineoplastic and antibiotic agent. 5-fluorouracil 
(5FU) is an anticancer drug that interrupts DNA replication and cell growth. These 
agents are often used by an ophthalmologist in glaucoma and pterygium surgery to 
prevent inappropriate scar formation, especially MMC.



Clinical Diagnosis and Management of Squamous Cell Carcinoma

118

In cases with positive margins related to inadequate surgical excision, exten-
sive tumors, higher recurrence, or more local invasion especially those with the 
extensive corneal component, treatment with topical MMC, 5FU, or interferon α 
(IFNα) and interferon 2b (IFN2b) as an adjuvant after surgical removal have been 
employed [48–51].

Topical chemotherapy enables to treat the entire ocular surface and is not 
dependent upon surgical margins. It may be preferred as primary treatment over the 
surgery by some patients who are inadequate to surgery or refuse surgery.

Subconjunctival and perilesional injections to treat OSSN have also been pro-
posed, however, the evidence is limited and requires more studies [52].

In general, the adverse effects are minimal and tolerance in 5FU and IFN. The 
ocular surface toxicity and other serious adverse effects are much greater in MMC 
than in 5FU or IFN-b. It is the main drawback of MMC. To relieve the side effects, 
preservative-free artificial tears, or short-term use of the topical steroid to minimize 
ocular surface irritation could be used as needed. Applying petroleum jelly to the 
lower eyelid skin is recommended to reduce skin irritation and toxicity. Additionally, 
it may be instructed to occlude the punctum briefly after applying the medication to 
minimize the risk of punctal stenosis [53].

7.2.1 Mitomycin C (MMC)

Using topical 0.02–0.04% MMC eyedrops are very effective which show  
high-resolution rates ranging from 76–100% and low recurrence rates ranging from 
0–20% [54–58]. Alvarez had recommended MMC in 4 week cycles of 0.04% four 
times a day for 1 week, followed by 3 weeks of no treatment, with cycles repeated 
until resolution [53]. Others may use MMC with shorter breaks, such as topically 4 
times daily for a 1-week period followed by a 1-week hiatus to allow the ocular surface 
to recover, and this cycle is repeated once again.

Its propensity for causing ocular surface toxicity and other serious adverse effects 
is much greater than 5FU or IFN-b. These include allergy, itching, pain, conjunctival 
hyperaemia, punctate staining of the cornea, punctal stenosis corneal-scleral melting, 
disturbance of tear film stability, goblet cell loss, squamous metaplasia and limbal 
stem cells deficiency [53, 59–61].

Chemoreduction with topical MMC followed by interferon alfa 2b (1 million IU/
mL) 4 times daily, or topical Cyclosporine A (0,05%) combined with a topical low 
dose of MMC (0,01%) had also been prescribed as the effective treatments in extensive 
CIN cases where surgical resection with safety margins is infeasible and corneal exten-
sion resection and the repetitive cycles of MMC adjunctive could cause a depletion of 
limbal stem cells and other commented side effects on the ocular surface [62].

7.2.2 5-fluorouracil (5FU)

1% of 5FU used as topical eye-drops shows very effective in treating OSSN with 
high-resolution rates of 82–100% and low recurrence rates of 10–14% [58, 62–65].

It is recommended four times a day for 1 week, and then stop the drug for 3 weeks. 
This protocol could continue until resolution [62–64].

Side effects of 5FU are generally mild and well-tolerated. These may include pain, 
tearing, redness, eyelid edema and keratopathy [63]. It is reported that short-term 
complications include lid toxicity in 52% of patients, keratopathy in 11% and epiphora 
in 5% [66].
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7.2.3 Interferon (IFN α-2b)

IFN can be used as topical eye-drops, subconjunctival perilesional injections, or 
both [67, 68]. Both forms have shown great success in treating OSSN.

In cases of CIN, the combination of subconjunctival and topical treatment of 
IFN α-2b showed the average time to complete tumor response at mean of 5.5 weeks 
(range 2–12). For INF α-2b topical treatment, the average time to complete tumor 
response is 11 weeks (range 2–59). Injection treatment had the benefit of rapid tumor 
resolution [67].

Topical IFN α-2b, 1 million IU/ ml, four times daily, until resolution following 
with at least 1–3 months have been recommended. Weekly subconjunvtival injection 
of 3 million IU in 0.5ml of IFN α-2b until tumor resolution is an alternative [69].

The resolution rates showed 81–100% in topical administration and 87–100% in 
injections [68, 70–72]. IFN eye-drops also have remarkably low recurrence rates rang-
ing from 0–4% [58, 71, 72].

Topical IFN eye-drops are very well tolerated by patients and nearly without side 
effects or discomfortable. Some follicular conjunctivitis was found [71]. Injections of 
IFN are also well-tolerated, but patients typically experience mild flu-like symptoms 
for about 24 hours following the injection [71].

7.3 Cryotherapy

Intraoperative cryotherapy by a double freeze-slow thaw method applied on con-
junctival margins of the excised area has proved to diminish recurrences significantly 
after surgical excision in pre-cancerous and SCC in situ, but not suitable for invasive 
cancers [73].

The advantages of cryotherapy include the elimination of subclinical or microscopic 
malignant tumor cells and the prevention of recurrence. The adverse effects include 
conjunctival chemosis, cataract formation, uveitis, thinning scleral and corneal. Frozen 
globe and risk of phthisis bulbi could unexpectedly develop if cryotherapy had been 
excessively used [74].

It is also safe and useful for cutaneous SCC in situ in patients who refuse surgery, 
poor surgical candidates or with bleeding disorders.

7.4 Radiation therapy

Radiotherapeutic treatment has been limited to brachytherapy techniques either 
alone for whom surgery is risky, or as adjuvant therapy after surgical resection 
for whom the disease has spread to nerves/lymph nodes or with poorly defined 
margins.

When conjunctival SCC invades deeply into the sclera or into the globe, topical 
chemotherapeutic agents and cryotherapy might be ineffective due to not penetrat-
ing the sclera or into the eye, and enucleation is often necessary [68, 75]. To preserve 
vision and salvage eyeball, plaque radiotherapy had been reported as reliable alterna-
tive treatment without globe removal for conjunctival SCC demonstrating scleral 
invasion and/or intraocular involvement.

Using Beta radiation with strontium-90 source as adjunctive therapy to control 
residual microscopic tumor following surgical resection of conjunctival SCC had 
been reported. It revealed excellent control rates with only 3 in total 131 patients 
indicating recurrent after a 30-Gy dose [76], Similar results have been observed with 
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ruthenium-106 after a total 320-Gy dose delivered at the surface without recurrence 
at 22 months [77]. Gamma radiotherapy using I125 has also been explored as an 
adjunctive treatment to excision for invasive conjunctival SCC because it has a deeper 
penetrability compared with beta radiation [78].

Arepalli and Shields had explored an alternative to enucleation using plaque 
radiotherapy with a gamma source of I125 for invasive conjunctival SCC. Plaque 
radiotherapy can be an effective alternative to enucleation for residual scleral-invasive 
conjunctival SCC following resection. In final, total globe salvage was achieved in 10 
cases from their total 15 SCC patients with scleral (all cases) and anterior chamber 
invasion (3 cases). However, 4 cases showed further distant conjunctival tumor recur-
rence (remote of the radiotherapy site) with orbital involvement at 5 months after 
plaque radiotherapy, necessitating enucleation (n = 2) or orbital exenteration (n = 2). 
Complications included cataract (n = 13), iris telangiectasia (n = 5), corneal epithelial 
defect (n = 4), corneal edema (n = 3), and glaucoma (n = 1). One patient required 
enucleation due to a nonhealing epithelial defect and chronic ocular irritation [79].

In the management of eyelid malignancies, adjuvant radiotherapy has been 
recommended for eyelid malignancies with aggressive histologic subtype, perineural 
invasion, or nodal metastasis at presentation [80]. Radiotherapy is used as an adjunct 
to surgery in cases of incomplete tumor excision and/or perineural invasion [81, 82]. 
Although, radiotherapy alone is also an alternative to surgery for patients who are not 
candidates for surgery, there are several drawbacks. The recurrence rates are higher 
after radiotherapy alone than surgery [83]. Furthermore, when recurrence occurs, it 
is usually difficult to manage and definitively diagnose [84]. Unlike surgery, radiation 
therapy does not readily demonstrate histological evidence of tumor clearance. It is 
also noted that a large dose of radiotherapy may cause ocular complications leading to 
visual disturbance.

7.5 Chemotherapy

Systemic chemotherapy is recommended for patients in the advanced stage with 
distant metastasis and can be considered for patients with extensive nodal disease.

7.6 Other treatment modalities

Other treatment modalities currently with favorable outcomes include radio-
therapy, surgical excision in combination with absolute alcohol, vitamin A, excimer 
laser, topical imiquimod 5% cream, and adjuvant topical or perilesional chemo-
therapy [50].

7.7 Management of Intraocular or/and infraorbital invasion

Orbital invasion by eyelid SCC occurs in 4–8% of cases [7, 27]. Conjunctival 
SCC can represent 0 ~ 13% of intraocular and/or 1–6% of orbital local invasion. The 
orbital invasion should be suspected if a patient with a current or previously treated 
periocular malignancy presents with a palpable orbital mass, globe displacement, 
limitation of eye movement, numbness, or pain in the distribution of the trigeminal 
nerve (Figure 6) [85, 86]. If Intraocular or/and infraorbital invasion occurs, it has 
devastating visual consequences [32, 33, 35].
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The intraocular spread tends to follow recurrence of the conjunctival lesion after 
attempted excision. Modes of invasion may include direct invasion through the sclera, 
along the tract of the anterior ciliary vessels, or inoculation through intraocular 
surgery incision [87].

Although, there have been reports of local control achieved with globe-sparing 
surgeries [79, 88], enucleation or exenteration is usually required to manage intraocular 
or/and intra-orbital invasion with or without adjunctive radiotherapy.

Local tumor clearance is usually possible by orbital exenteration with or without 
adjunctive radiotherapy. However, the perineural invasion occurs commonly in such 
cases, and increases the risk of incomplete excision even after exenteration [85]. 
Furthermore, perineural invasion worsens the prognosis because of extensive orbital, 
and sometimes intracranial involvement. A meta-analysis of 9 publications on large 
series of exenterations between 1954 and 2005 indicated that 89/559 (16%) cases were 
for conjunctival SCC and required exenteration for advanced disease [89].

Orbital exenteration rates are 6% at 5 years in the US, but are higher in HIV 
endemic areas, with 13/23 cases (56%) reported in a case series in Zimbabwe [33]. 
Risk factors predictive of orbital exenteration were positive margins at primary 
resection, perineural invasion, positive nodal status, and medial canthal tumor 
location [89].

7.8 Target therapy

The discovery of overexpression of the epidermal growth factor receptor 
(EGFR, a transmembrane tyrosine kinase receptor in the ErbB family) in SCC 
has opened the door to consideration of targeted therapy in inoperable cases of 
advanced BCC or cutaneous SCC of the orbit and periocular region [90].

Recently, both Yin’s group and El-Sawy’s group show successful outcomes after 
oral erlotinib (EGFR inhibitor) treatment in some patients who have advanced SCC 
with orbital invasion and regional lymph nodes metastasis [91, 92]. However, sev-
eral reports also show that patients often acquire resistance. Several publications 
point out that despite EGFR inhibition, there are multiple downstream signaling 
pathways that serve as alternatives and that are found to be persistently activated, 
thus permitting cancer resistance to EGFR-inhibitors [93, 94]. Additionally, less 
than 5% of head and neck cancers contain EGFR mutations, which may partially 
explain the limited efficacy in using EGFR inhibitors and the current lack of FDA-
approved for HNSCC [93, 95]. For the efficacy of EGFR inhibitor in the treatment 
of cutaneous SCC, more studies are needed to further conform.

In 2018, designated by the FDA as a breakthrough therapy, cemiplimab-rwlc, a 
PD-1–blocking antibody, became the first drug to receive FDA approval for the treat-
ment of patients with advanced cutaneous SCC. Of the 75 patients with metastatic 
CSCC, 46.7% achieved an objective response; of the 33 patients with locally advanced 
CSCC, 48.5% achieved an objective response. Furthermore, 60% of patients with 
metastatic CSCC and 63% of patients with locally advanced CSCC maintained a 
response to treatment for ≥6 months [96].

With the Libtayo approval, the FDA has approved six immune checkpoint 
inhibitors targeting the PD-1/PD-L1 pathway for treating a variety of tumors, from 
the bladder to head and neck cancer, and now advanced cutaneous squamous-cell 
carcinoma.
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8. Regional lymph nodes and distant organ metastasis

Early diagnosis and adequate treatment of the eyelid SCC is very important, 
because of its ability to invade the orbital and intracranial legions and metastasis to 
the lymph nodes and distant organs. Regional lymph nodes are generally believed 
to be the most common first site of metastasis for SCC of the eyelid. The incidence 
of regional lymph node metastasis of eyelid SCC varies widely from 10% to 24.3% 
[97]. with most regional metastases occurring in the parotid, preauricular, and 
submandibular nodes. Distant metastasis is much less common, reported in 6.2% 
of cases [28].

Radical dissection with sentinel lymph node biopsy for patients with extensive 
lesions especially with perineurial invasion and recurrent lesions may get benefit if 
there is a ruling out distant metastasis. A high degree of suspicion for the orbital inva-
sion along sensory nerves should be maintained. Perineural spread of cutaneous SCC 
is associated with an increased risk of local recurrence and distant metastasis, but 
may also be the direct cause of death when the primary tumor on the head and face 
gains access to the intracranial cavity via the cranial nerves [98, 99]. Risk factors have 
been found to correlate with the increased death and poor prognosis for cutaneous 
SCC, including prior treatments, lesion size ≥2 cm, increased depth, poor histopatho-
logical differentiation and immunosuppression [100]. In Nasser’s study, patients 
who had a lymph node metastasis at presentation or during follow-up had tumors 
that were stage T2C (according to AJCC, 9th edition; or T2b in AJCC, 8th edition) or 
higher at and ≥ 18 mm in greatest dimension at presentation. This finding will help 
practitioners select patients for closer surveillance for nodal metastasis or possibly for 
SLN biopsy [101].

Figure 6. 
A patient with squamous cell carcinoma of the right eyelid with orbital metastasis: Periocular mass, proptosis, 
facial numbness and palsy.
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9. Recurrence

Recurrence rates in OSCC range from 5–50% [33, 102–105]. Galor et al. found that 
the 1-year recurrence rate was 10% and the 5-year recurrence rate was 21%, with a 
mean time to recurrence of 2.5 years when analyzing 389 excised OSSN lesions [73]. 
In Savino’s study, the overall recurrence rate was significantly higher (64%) in their 
advanced ocular surface squamous cell carcinoma (OSSC, T3 and T4 stage) cases 
series after long-term follow-up (median: 31 months, range: 6–120 months) [106].

In advanced, OSCC involving periocular tissues and/or orbit is an aggressive 
disease with a high recurrence rate. Multicentric disease, positive surgical margins, 
inferior tarsus localization, and surgery without adjuvant therapies are strong predictors 
of recurrence and are the main factors affecting prognosis [105].

The type of treatment is also correlated with the recurrence rate. Sudesh et al. 
reported a recurrence rate of 28.5% with surgical excision alone and 7.7% with surgical 
excision and cryotherapy [107]. Adjuvant topical therapy showed effectiveness in 
decreasing recurrence rates, particularly in patients with positive margins, histologi-
cal high-risk SCC, tarsal, and multicentric pattern anatomical involvement [73, 108].

The presence of positive margins can increase the risk of recurrence by as much as 
10-fold, from 5–50% [35].

The microscopic and histologic information of cutaneous and periocular SCC is 
helpful to evaluate the recurrence, perineural invasion, local invasion, and metastasis. 
Histological well-differentiated tumors are associated with a lower risk of subclinical 
tumor extension, recurrence, and orbital invasion [27, 100]. Histologic specimens 
should be carefully examined for evidence of perineural invasion when facing cases 
of particularly aggressive tumors or in patients with symptoms of trigeminal pain, 
trigeminal-distribution sensory deficit, facial palsy, orbital pain, or biopsy of the 
supraorbital orbital nerve [28, 109]. Perineural invasion is associated with high local 
invasion, recurrence, and distant metastasis [98–99].

The local recurrence rates for SCC range from 2.4% to 36.9% at 5 years [7, 28]. The 
perineural invasion has been found to be present in approximately 8–14% of cases of 
facial and periorbital SCC [7, 110].

10. Conclusions

Squamous cell carcinoma of the eyelid and ocular surface is an aggressive malig-
nancy and maybe vision- and life-threatening although it grows slowly. Precise 
diagnosis along with appropriate management is a prerequisite.
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Abstract

Head and Neck cancer accounts for approximately 900,000 cases and over 
400,000 deaths annually worldwide. The primary risk factors associated with 
Head and Neck cancer include usage of tobacco, alcohol consumption, Human 
Papillomavirus (HPV) infection and Epstein-Barr virus (EBV) infection. Few 
subsites of Head and Neck Squamous Cell Carcinoma (HNSCC) are associated with 
Human Papilloma Virus (HPV) while others remain non-associated. The anatomi-
cal, physiological, genetic, protein profile and epigenetic changes that occur in both 
HPV-positive and HPV-negative HNSCC has been discussed in this chapter. The 
mutational profile plays a crucial role in the treatment of the HNSCC patients as the 
HPV-positive HNSCC patients have a better prognosis compared to the HPV-negative 
HNSCC patients. This chapter mainly focusses on the mutational profile of both 
HPV-associated and non-HPV associated HNSCC tumours.

Keywords: Human Papilloma Virus (HPV), Head and Neck Squamous Cell Carcinoma 
(HNSCC), genes, mutations, carcinogenesis

1. Introduction

Head and Neck Squamous Cell Carcinoma (HNSCC) contribute to substantial 
morbidity and mortality worldwide, with an estimated 526,481 incident cases annu-
ally [1]. HNSCC arise from the mucosal epithelium of oral cavity, pharynx and 
larynx. Apart from the prime etiologic factors like environmental carcinogens and 
carcinogenic viruses, genetic predisposition plays a risk-modulating role [2] in 
which the large burden of mutations lead to the heterogeneity of the tumour. Human 
Papilloma Virus (HPV) is a well-known risk factor for malignant transformation 
and is increasingly associated with the majority (60–70%) of the recently diagnosed 
oropharyngeal cancer incidences. Majority of the HPV-induced Oropharyngeal 
cancers harbour high risk HPV16 primarily and to a lesser extent HPV18 and other 
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strains of HPV [3]. In Human papilloma virus induced tumourigenesis, HPV 
derived oncoproteins E6 and E7 inactivate the tumour suppressor genes p53 and pRb 
(retinoblastoma), resulting in the onset and eventual progression to malignancy 
[4]. HPV-associated HNSCC cells are poorly differentiated, non-keratinizing, and 
have a distinct ‘basaloid’ appearance in contrast to the non-HPV associated HNSCC 
which are usually moderately differentiated and keratinizing [5]. As the HPV DNA 
integrates into the host cell genome in a large proportion of HPV associated HNSCC, 
the tumours of HPV positive HNSCC differ at their genetic level [6]. Compared to 
the HPV negative HNSCC, HPV- associated HNSCCs manifest lower levels of chro-
mosomal mutations [7]. Southern blotting, Polymerase Chain Reaction (PCR) and 
its variations like Reverse transcriptase and Real Time PCR, in situ hybridization, 
immunohistochemical staining for p16, immunostaining with anti E6, E7 antibosies, 
PCR in situ hybridization (PISH) are some of the techniques used for the detection 
of HPV in the Head and Neck cancers [8]. HPV positive HNSCC patients with lymph 
node metastases exhibit improved loco-regional control showing regression more 
quickly. They are more likely to resolve better after treatment when compared to the 
lymph node metastases of HPV negative HNSCC patients. Patients with HPV associ-
ated HNSCC have a better survival rate over HPV negative HNSCC patients with a 
58% reduction in mortality risk [9].

2.  Differences between HPV-positive and HPV-negative Head and Neck 
Squamous Cell Carcinoma (HNSCC)

2.1 Anatomical differences

The Head and Neck cancers arise from the tumours of mucosal epithelium in the 
oral cavity (lips, hard palate, buccal mucosa, floor of mouth, anterior tongue, and 
retromolar trigone), nasopharynx, oropharynx (palatine tonsils, lingual tonsils, 
soft palate, base of tongue, uvula and posterior pharyngeal wall), hypopharynx and 
larynx. Tumour growth in the oral cavity, hypopharynx and larynx is due to tobacco 
consumption and continuous alcohol abuse whereas, cancers in the pharynx (from 
the palatine and lingual tonsils of the oropharynx) are increasingly attributed to 
infection with Human Papillomavirus (HPV), primarily HPV-16, 18 and also other 
HPV strains. Therefore, the Head and Neck Squamous Cell Carcinoma (HNSCC) 
can be grouped into HPV-negative and HPV-positive [10]. The primary site of HPV-
positive groups is the oropharynx (51%) and various other sites like larynx (11%), 
oral cavity (9%), nasopharynx (9%), and pharynx (5%) also encompass HPV positive 
tumours [11]. HPV is an epithelium-specific infection that does not spread though the 
bloodstream. Consequently, a limitation of HPV serology is that it does not specify 
the anatomic site of HPV infection. Hence, the elevated odds of oral cancer observed 
in association with oral HPV infection are considered more strong evidence for a 
direct relationship between HPV infection and oral cancer. The data obtained from 
risk factors associated with sexual behaviour, HPV exposure and oral HPV detection 
indicate that sexually acquired oral HPV infection is the principal risk factor for many 
cancers arising from the oral cavity. Based on the research findings, there is appar-
ent evidence on the HPV transformation within the oral cavity, the tonsillar crypt epi-
thelium, ectopic tonsillar tissue in the lateral posterior tongue or floor of mouth. This 
is approximated to occur in 0.4 per 100,000 individuals. These findings prove that 
the oral cavity is an intended site for HPV positive tumours [12, 13]. An international 
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case-control study has estimated that HPV plays a part in approximately 3% of oral 
cavity cancers [14].

2.1.1 Physiological factors in HPV positive and negative HNSCC

The HPV positive HNSCC is made up of highly malignant cells that have a high 
nuclear to cytoplasmic ratio and exhibit little or no keratinization. These cells differ 
from the non-neoplastic squamous epithelium that lines the oral cavity. The HPV 
related cancers mostly arise in the reticulated epithelium-the specialized epithelium 
lining the tonsillar crypts. So, the HPV-related oropharyngeal cancers remain highly 
differentiated. The HPV negative HNSCC are of a heterogeneous group of benign and 
malignant lesions characterized by small tumour cells with round or ovoid nuclei sur-
rounded by a thin rim of cytoplasm. On the other hand, HPV-related HNSCC encom-
passes basaloid cells. These cells exhibit lobular growth with dense hyperchromatic 
nuclei and a high nuclear to cytoplasmic ratio [15]. A recent study has shown that the 
“basaloid” subtype is, in fact, composed of a mixed group of HPV-positive and HPV-
negative cancers that widely differ with respect to clinical behaviour [16].

2.1.2 Risk factors

Various epidemiological studies have revealed a diverse range of HNSCC associ-
ated risk factors. These risk factors include tobacco consumption, alcohol abuse, 
exposure to environmental pollutants and infection with viral agents namely, Human 
Papilloma Virus and Epstein Barr Virus (EBV). Certain risk factors show geographi-
cal, cultural and habitual prevalence [10]. Among the Asian population, oral cavity 
cancer is attributed to chewing of areca nut products including ‘betel quid’-variety 
of customized mixtures comprising areca nut (Areca catechu, the carcinogen 
source), betel leaf (the leaf of Piper betel), slaked lime and/or tobacco, as well as 
spices according to local custom [17]. In common, the high male to female ratios for 
HPV-negative HNSCC incidence reflects the sex-specific patterns of variable risk 
behaviours, including the use of the aforesaid tobacco, smokeless tobacco, areca nut, 
betel quid and alcohol [17]. The additional risk factors that contribute to HNSCC 
include ageing, poor oral hygiene and diets lacking in vegetables [18]. In terms of the 
infectious agents that causes HNSCC, continuous infection with HPV and EBV can 
cause a rise in the cancers of Oropharynx and Nasopharynx [10]. The HPV infec-
tion that leads to HNSCC is mainly transmitted by oral sex and the occurrence of 
HPV-positive HNSCC continues to increase, especially in populations that are not 
vaccinated against HPV prior to HPV exposure [19]. Certain genetic factors have also 
been reviewed to contribute to HNSCC risk. Individuals with Fanconi anaemia, a rare, 
inherited genetic disease characterized by impaired DNA repair, have a 500- to 700-
fold increased risk of developing HNSCC, primarily in the oral cavity [10].

2.1.3 Genetic differences

Frequent loss of chromosome arms 3p, 9p and amplification of 11q13 chro-
mosomal region are observed in HNSCC. The key genes which are reported to be 
mutated by comprehensive genomic sequencing studies for Head and Neck squamous 
cell carcinoma are TP53, PIK3CA, PTEN, FBXW7, HRAS. The composition of chro-
mosomal aberrations and mutations differs between HPV-positive and HPV-negative 
HNSCC. The TP53 gene is the most frequently mutated gene (41%), and this gene 
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was not detected in the HPV-positive subgroup. PIK3CA pathway is the frequently 
mutated oncogenic pathway in Head and Neck squamous cell carcinoma. Mutations 
in the PIK3CA pathway are slightly higher in the HPV-positive Head and squamous 
cell carcinoma. Mutations in PIK3CA and PTEN gene occur in both HPV-positive 
and HPV-negative patients but with slightly higher rates in HPV-positive patients 
[11]. Certain chromosomal aberrations include loss of 16q or 16q24.3, 5q35.1 or 17p12, 
3q26.3. Loss of 9p21 containing the tumour suppressor gene CDKN2A is discerned in 
HPV negative HNSCC. The amplification of chromosome 7 is mutually exclusive for 
HPV-negative tumours [12]. CpG transversions are observed in HPV-negative HNSCC 
while TpC mutations are identified in HPV-positive HNSCC.

Figure 1. 
The Genomic Map of HPV 16.
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2.1.4 Protein expression

The protein expression alterations in HPV- positive and HPV-negative groups 
showed a low expression of biomarker proteins such as MGMT, EGFR, and PD1-
positive TILs in HPV positive and negative patients. Overexpression of EGFR protein 
is reported in HNSCC resulting in treatment resistance, aggressive clinical behaviour, 
and poor prognosis. The immunomodulatory protein PD-1 positivity occurs with 
highest frequency in pharyngeal cancers and PDL1 levels are detected in higher 
levels in nasopharyngeal cancers [11]. Patients with HPV positive tumours ensues 

Figure 2. 
Molecular events in HPV carcinogenesis.

HPV proteins Functions

Early proteins

E1 Initiation of viral genome replication.

E2 Viral DNA replication and transcription. Segregation of viral genomes.

E4 Viral genome packing. Maturation of viral particles.

E5 Oncoprotein. Participates in host cell transformation and blocks apoptosis in late events of 
HPV carcinogenesis.

E6 Major oncoprotein. Inactivates p53 protein. Block apoptosis. Interacts with many host 
proteins with PDZ domains.

E7 Major oncoprotein. Inactivates pRb protein. Promotes host DNA synthesis and 
proliferation. Interacts with many host proteins

Late proteins

L1 Major capsid protein, Viral replicating proteins

L2 Minor capsid protein. Viral replicating proteins

Table 1. 
HPV proteins and functions.
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abrogation of p53 and retinoblastoma (Rb) genes. The downregulation of the Rb gene 
results in the upregulation of p16 oncoprotein. The p16 oncoprotein is considered a 
biomarker for HPV-related HNSCC, where it is overexpressed. The minichromosomal 
maintenance protein 7 (MCM7) is expressed in high levels in HPV-positive head 
and neck cancer [19]. The p21 protein expression is identified in the HPV related 
tonsillar cancer. Reduced expression of p21 results in E6-mediated p53 inactivation. 
Outcomes from other studies indicate that E7 bypasses the inhibitory effect of p21 on 
cell cycle progression [20, 21]. Survivin (Baculoviral IAP repeat-containing protein 5) 
is negatively regulated by p53. This protein represses apoptosis and plays a role in cell 
division. Nuclear survivin expression is associated with a poor disease-free survival 

Figure 3. 
HPV transformation via Tonsillar crypt.
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rate and negative HPV status in OPSCC [22]. Thioredoxin (TRX) (redox mediator 
promoting cell survival) and epidermal fatty acid binding protein (E-FABP) involved 
in keratinocyte differentiation and other cellular signaling processes were perceived to 
be upregulated in HPV-related tumours and their role in HPV-related OSCC. Several 
cell surface glycoprotein molecular biomarkers such as CD44, CD133, ALDH1 occurs 
in elevated level in HNSCC. The HNSCC cells with high levels of CD44 glycoproteins 
are capable of self-renewal. CD44 levels in HNSCC tumours are associated with 
metastasis and a poor prognosis [23, 24]. CD133 glycoproteins results in increased 
invasiveness and metastasis in HNSCC. The increased levels of ALDH1 causes self-
renewal, invasiveness and metastasis in HNSCC (Figures 1–3 and Table 1) [25].

2.2 Mutational profile of head and neck squamous cell carcinoma (HNSCC)

2.2.1 Common genetic alterations in HNSCC

The common cytogenetic changes observed in head and neck cancers are losses of 
segments of 3p, 5q, 8p, 9p, 10p, and 18q and gains of segments within 3q, 5p, 7p, 8q, 
distal 1q, and 11q13–23 regions.

Amplifications of 11q13 and 7p11 regions encoding Cyclin D1 and EGFR respec-
tively are noted in HNSCC [26]. Telomerase Reverse Transcriptase (TERT) found on 
chromosome 5p and MYC oncogene on 8q region of the chromosome exhibits addi-
tional amplification in both HPV positive and HPV negative HNSCC [27]. Portions of 
chromosomes 3P and 8P which encompasses the tumour suppressor genes FHIT and 
CSMD1 respectively are deleted in HNSCC [28].

The microRNA let-7c, a cell cycle regulator, is frequently inactivated in both 
HPV negative and HPV positive HNSCC. Decreased expression of let7-c is linked 
with increased expression of CDK4, CDK6, E2F1 and PLK1 kinases and translational 
regulators important for advancement through the cell cycle [29].

2.2.2 Genetic alterations in HPV associated HNSCC

Molecular heterogeneity has been found to exist within HPV (+) tumours 
themselves. High rate of proliferation and increase in genomic instability is associ-
ated with HPV integration [30]. Human papilloma virus induced tumourigenesis 
occurs predominantly in the oropharynx region (tonsil or base of tongue), where 
HPV acquired oncoproteins E6 and E7 inactivate the tumour suppressor genes p53 
and pRb (retinoblastoma), resulting in the inception and eventual progression to 
malignancy [31].

HPV positive HNSCC are characterized by wild-type TP53. High-risk types HPV 
encode two viral oncoproteins namely E6 and E7 that aid tumour progression by 
inactivating the two well-characterized tumour suppressor proteins TP53 and RB1, 
respectively. Un-phosphorylated RB1 plays a crucial role in the negative regulation 
of cell proliferation, generating cell cycle arrest in mid to late G1. Wild-type TP53 
behaves as a cell cycle checkpoint after DNA damage and induces G1 arrest or apopto-
sis, essential to conserve the genomic stability [32]. However, HPV-associated cancers 
normally do not manifest TP53 mutations.

PIK3CA (protein kinase C), an anti-apoptotic kinase and transcription factors 
TP63 and SOX2 located on chromosome 3q are among the most frequently amplified 
regions in HPV associated Head and Neck Squamous Cell Carcinoma(HNSCC) [33]. 
PIK3CA encodes the p110α catalytic subunit of phosphinositol-3-kinase. Regulation 
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of signal from multiple input sources including many of the receptor tyrosine kinases 
(RTKs) relevant to HNSCC is advocated by PIK3CA through phosphorylation of AKT1. 
Mutated PIK3CA has been shown to impair apoptotic signals and support tumour 
invasion. Additionally, mutational turned on PIK3CA has been shown to assist cyclin D 
activity, further emphasizing cell cycle deregulation in head and neck cancers [34].

Meagre or no EGFR gene amplification and EGFR protein expression has been 
observed in HPV-positive HNSCC [35]. HPV (+) tumours manifest infrequent muta-
tions in TP53 gene.

Truncating mutations are observed in TNF receptor-associated factor 3 (TRAF3) 
gene which is implicated in anti-viral responses (innate and acquired) of Human 
Papilloma Virus (HPV) [36]. TRAF3 region is absolutely lost in about 20% of HPV-
associated tumours. Tumour necrosis factor Receptor-Associated Factor 3 (TRAF3, 
encoded on 14q32.32) is involved in the innate and acquired antiviral immune 
response in HPV positive HNSCC. Deletion or mutations in TRAF3 genes is over-
represented in HPV-related HNSCC. As genes coding for HLA I components are 
frequently mutated and higher numbers of CD56-positive natural killer cells have 
been reported for HPV-related Oropharyngeal Squamous Cell Carcinoma recently 
innate immunity seems to be eloquent for HPV-related HNSCC [37].

Amplification of E2F1 region which is necessary for cell cycle initiation and 
proliferation and an intact 9p21.3 region containing the CDKN2A gene are observed 
in the HPV positive HNSCC [38].

TpC mutations were observed predominantly in HPV associated HNSCC patients 
during the whole exome sequence analysis. These TpC mutations lead to APOBEC 
mutational signature in HPV positive HNSCC [38]. Overexpression of APOBEC 
enzymes in HPV-associated tumours may be linked to increased cytosine deaminase 
mutation [39]. Genes encoding HLA I components are frequently mutated in HPV 
positive Oropharyngeal Squamous Cell Carcinoma (OPSCC) [39]. Sewell et al. [40] 
in 2014 screened eleven DNA repair proteins which included BRCA2, PARP-1, and 
MSH2 ATM and observed all of them to be upregulated in HPV positive OPSCC 
samples compared to the HPV negative OPSCC samples.

2.2.3 Inactivating mutations in HPV-positive HNSCC

Segregation of four genes are observed as inactivating mutations in HPV positive 
tumours of which two genes CDKN2A and TP53 are associated with survival and cell 
cycle and two genes FAT1 and AJUBA with Wnt/b-catenin signalling [41]. A higher 
rate of TP53 mutations are observed in HPV positive HNSCC compared to non-HPV 
associated HNSCC.

2.2.4 Genetic alterations in non-HPV associated HNSCC

HPV negative HNSCC tumours features novel co-amplifications of 11q13 (CCND1, 
FADD and CTTN) and 11q22 (BIRC2 and YAP1), which also contain genes implicated 
in cell death/NF-κB and Hippo pathways. They also emphasize novel focal deletions in 
the nuclear set domain gene (NSD1) and tumour suppressor genes like FAT1, NOTCH1, 
SMAD4 and CDKN2A. Recurrent focal amplifications in receptor tyrosine kinases like 
EGFR, ERBB2 and FGFR1 also predominate in HPV negative HNSCC tumours [38].

Cyclin-dependent kinase inhibitor 2A (also known as p16 INK4A) that is encoded 
by CDKN2A gene located at 9p21, is frequently inactivated via copy number loss 
among HPV-negative head and neck cancer patients and is involved in the HNSCC 
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pathogenesis. CDKN2A regulates cell cycle progression by obstructing the activity 
of CCND1 (cyclin D1) and its related kinases, CDK6 and CDK4. These kinases are 
involved in the phosphorylation and inactivation of the tumour suppressor gene RB1 
CDKN2A hinders cell cycle progression at the G1 to S check point by preventing the 
phosphorylation of the retinoblastoma protein (RB1). Deletion, mutation or hyper-
methylation of CDKN2A is frequent in HPV negative HNSCC and is associated with 
worse prognosis in these Head and Neck cancers [34]. On the other hand, CDKN2A 
overexpression has been correlated with improved outcome in Oropharyngeal 
Squamous Cell Carcinoma. This occurs as an outcome of functional inactivation of 
RB1 by the HPV E7 protein, resulting in the upregulation of CDKN2A [42]. Thus, 
HPV positive HNSCC are characterized by high expression of CDKN2A, implying 
that CDKN2A positivity may be a biomarker for tumours harboring HPV infections 
[42]. Inactivation of the CDKN2A gene has been found in 57% of HPV negative 
HNSCC cases in the TCGA cohort [38].

The transmembrane receptor protein NOTCH1 is involved in cell proliferation, 
differentiation, cell fate determination and self-destruction Additionally, Notch 
plays a decisive role in angiogenesis, crucial for the maintenance and progression of 
tumourigenesis. NOTCH1 inactivation has been inferred in about 15% of the HNSCC 
tumours. Most NOTCH1 mutations in HNSCC are considered inactivating, attribut-
ing its role as a tumour suppressor gene. On the contrary, cohorts from Asian HNSCC 
population have demonstrated activating NOTCH1 mutations. NOTCH activity in 
HNSCC is therefore circumstantial and NOTCH is considered to have a bimodal role 
as a tumour suppressor and an oncogene in HNSCC. HNSCC with NOTCH1 muta-
tions have a worse prognosis than the NOTCH1 wild-type tumours. Most studies 
reveal that NOTCH pathway is upregulated in HNSCC and NOTCH expression shows 
convincing relationship with the clinical stage [43]. The NOTCH pathway can play an 
influential role in HNSCC development, and anti-NOTCH therapy can be attractive. 
NOTCH1 is observed to be more mutated in HPV-negative HNSCC than in HPV-
positive HNSCC [44]. Higher expression of NOTCH1 is displayed in HPV-positive 
HNSCC compared to HPV-negative HNSCC.

The region of epidermal growth factor receptor (EGFR) gene is 7p12 and it 
encodes for a 170-kD transmembrane glycoprotein. It is a member of the receptor 
protein tyrosine kinase family with several extracellular growth factor ligands, com-
prising of epidermal growth factor (EGF) and transforming growth factor (TGF)-α. 
About 42–80% of HNSCC studied has overexpression of EGFR [26], and 30% of 
HNSCC tumours have been discerned to harbor EGFR gene amplification. Increased 
EGFR expression and gene copy number are associated with poorer patient outcomes 
in HNSCC.

Mutations in genes NFE2L2 (encoding NRF2) and KEAP1 occur exclusively in 
HPV-negative HNSCC. These two genes are known key regulators of oxidative stress. 
CpG transversions are frequent in HPV-negative HNSCC.

H-RAS mutation is detected in about 35% of Indian oral cancer patients. This gene 
has been associated with betel nut chewing and so observed in HPV-negative HNSCC. 
Also, somatic mutation at codon 12 of K-ras gene makes the K-ras protein hyper 
active, leading to uncontrolled signalling for cell division (Tables 2 and 3) [45].

2.3 Epigenetic alterations in HPV-positive and HPV-negative HNSCC

Epigenetic events of HNSCC include DNA methylation, chromatin remodelling, 
histone posttranslational covalent modifications and effects of non-coding RNA. 
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Epigenetics sway silencing of tumour suppressor genes by promoter hypermethyl-
ation, regulate transcription by microRNAs and changes in chromatin structure, or 
induce genome instability through hypomethylation. Most of the HNSCC are caused 
by hypomethylation of the promoter genes or retrotransposons. Lower methylation 
of retrotransposons elements such as LINE (long interspersed elements) and SINE 
(short interspersed elements) causes the initiation of tumour in HNSCC. It is also 
reported that hypomethylation is concerned with tongue squamous cell carcinoma 
(TSCC) among the female gender [51]. The hypomethylation of Alu, one of the 
SINEs, is reported in the oral cancer patients of Asian population in the advanced 
stages of cancer [52]. Further, patients with severe malignant oral carcinogenesis are 
associated with hypomethylation of LINE sequences [53]. The hypermethylation in 
HNSCC implicate a high level of methylation in promoters of genes, which is a char-
acteristic feature for epigenomes of cancer cells. Hypermethylation of certain genes 

TCGA [38] Seiwert et al. [46] Stransky et al. [47] Agrawal 
et al. [43]

HPV (+ve) HPV (−ve) HPV 
(+ve)

HPV 
(−ve)

HPV 
(+ve)

HPV 
(−ve)

HPV 
(+ve)

E6/E7 
(100%)

TP53 (84%, M) E6/E7 
(100%)

TP53 
(81%, M)

E6/E7 
(100%)

TP53 
(73%, M)

E6/E7 
(100%)

PIK3CA 
(56%, M/A)

CDKN2A  
(57%, M/D)

PIK3CA 
(22%, 

M)

CDKN2A 
(33%, 
M/D)

PIK3CA 
(27%, 

M)

CDKN2A 
(25%, 
M/D)

EPHB3 
(25%, M)

TP63  
(28%, A)

let-7c (40%, 
miRNA)

TP63 
(16%, 
M/A)

MDM2 
(16%, A)

RUFY1 
(18%, 

M)

SYNE1 
(22%, M)

UNC5D 
(25%, M)

TRAF3 
(22%, M/D)

PIK3CA (34%, 
M/A)

PIK3CB 
(13%, 
M/A)

MLL2 
(16%, M)

EZH2 
(18%, 

M)

CCND1 
(22%, A)

NLRP12 
(25%, M)

E2F1  
(19%, A)

FADD (32%, A) FGFR3 
(14%, 

M)

NOTCH 1 
(16%, M)

CDH10 
(18%, 

M)

MUC16 
(19%, M)

PIK3CA 
(25%, M)

let-7c (17%, 
miRNA)

FAT1  
(32%, M/D)

NF1/2 
(12%, 

M)

CCND1 
(13%, A)

THSD7A 
(18%, 

M)

USH2A 
(18%, M)

TM7SF3 
(25%, M)

NOTCH1/3 
(17%, M)

CCND1  
(31%, A)

SOX2 
(12%, 

A)

PIK3CA 
(13%, M)

FAT4 
(18%, 

M)

FAT1 
(14%, M)

ENPP1 
(25%, M)

FGFR3  
(11%, F/M)

NOTCH1/2/3 
(29%, M/D)

ATM 
(10%, 

D)

PIK3CB 
(13%, 
M/A)

KMT2D 
(18%, 

M)

LRP1B 
(14%, M)

NRXN3 
(25%, M)

HLA-A/B 
(11%, M/D)

TP63 (19%, A) FLG 
(12%, 

M)

UBR5 
(13%, 
M/D)

ZNF676 
(18%, 

M)

ZFHX4 
(14%, M)

MICAL2 
(25%, M)

EGFR  
(6%, M)

EGFR (15%, 
M/A)

MLL3 
(10%, 

M)

EGFR 
(12%, A)

MUC16 
(18%, 

M)

NOTCH1 
(13%, M)

—

M, mutation; A, amplification; D, deletion; F, fusion.

Table 2. 
Genes altered in HPV-positive and HPV-negative HNSCC.
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such as CDKN2A, PTEN, DAPK, MGMT, ECAD and RASSF1 are frequently observed 
in HNSCC [54]. This increased methylation is associated with well-differentiated 
tumours and with patient age less than 50 years in OSCC among Indian population 
[55]. There occurs difference in methylation status among HPV-positive and HPV-
negative patients. Studies have reported that HPV infection causes aberrant hyper or 
hypo methylation of genes. The study reports obtained from genome-wide methyla-
tion data from different cohorts showed that HPV infection affects DNA methylation 
in HNSCC across different anatomic sites. Only a few hypomethylated genes have 
been reported in HNSCC cases that are HPV infected. Two miRNAs, miR-875 and 
miR-3144 found in E6 gene, inhibit E6 oncogene expression, and in HPV16-positive 
cell lines inhibit the growth and promote apoptosis by high-level expression of both 
miRNAs (Table 4) [56].

3. Pathways involved in HNSCC

3.1 EGFR pathway

In HNSCC, activation of EGFR is executed by binding of ligands such as 
EGF, amphiregulin, and transforming growth factor alpha-TGFα. Ligand bind-
ing provokes receptor dimerization (homo or hetero dimerization with other 
EGFR members), leading to phosphorylation of tyrosine residues. This leads 
to sequential activation of various signalling cascades like Ras/Raf/mitogen-
activated protein kinase (MAPK), phosphoinositide 3-kinase (PI3K)-Akt, signal 
transducer and activator of transcription pathways. Phosphorylated MAPK 
translocates into the nucleus, phosphorylating various transcription factors that 

Lin et al. [48] Pickering et al. [49] Pickering et al. [50]

Nasopharyngeal 
cancer (NPC)

Tongue Oral squamous cell 
carcinoma (OSCC)Young tongue Old tongue

CDKN2A/B (13%, 
M/D)

TP53 (94%, M) TP53 (57%, M) CDKN2A (74%, D)

ARID1A (11%, M/D) CSMD1 (25%,D) CSMD1 (75%,D TP53 (66%, M)

SYNE1 (8%, M) PIK3CA (0%, M); 
(30%A)

PIK3CA (11%, M); 
(70%, A)

FAT1 (46%, M/D)

ATG13 (6%, M/D) CDKN2A (6%, M); 
(55%, D)

CDKN2A (4%, M); 
(65%, D)

TP63 (26%, A)

MLL2 (6%, M) FADD/CCND1 (40%, A) FADD/CCND1 (65%, A) CCND1 (23%, A)

PIK3CA (6%, M/A) FAT1 (6%, M); (50%, D) FAT1 (25%, M); (35%, 
D)

MAML1 (23%, D)

CCND1 (4%, A) EGFR (20%, A) EGFR (50%, A) EGFR (17%, A)

NOTCH3 (4%, M) NOTCH1 (25%, M) NOTCH1 (18%, M) TNK2 (17%, A)

FGFR2 (4%, M) HLA-A (0%, M) HLA-A (14%, M) AKT1 (14%, A)

TP53 (17%, M/D) CASP8 (6%, M) CASP8 (11%, M) SRC (14%, A)

M, mutation; A, amplification; D, deletion; F, fusion.

Table 3. 
Altered genes in different anatomic sites of HNSCC irrespective of HPV infection.
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trigger the expression of distinct target genes, which advocates proliferation, dif-
ferentiation, migration, invasion, angiogenesis and metastasis in HNSCC cells. 
Aberration of EGFR signal activation can bring about disruption of cancer cell 
homeostasis [57–59].

3.2 PI3K-AKT mTOR pathway

Activated by the receptor-associated tyrosine kinases (RTKs) such as EGFR, 
the catalytic subunit phosphorylates phosphatidylinositol 1, 4-bisphosphate (PIP2) 
to phosphatidylinositol 1, 4, 5-triphosphate (PIP3). PIP3 recruits proteins like 
phosphoinositide-dependent protein kinase 1 (PDK1) and AKT to the plasma mem-
brane, resulting in the phosphorylation of AKT by PDK1 and mammalian target of 
rapamycin complex 2 (mTORC2). Activated AKT and mTORC1 in turn activates the 
eukaryotic translation inhibition factor 4E-binding protein 1 (4E-BP1), resulting in 
cell growth, protein synthesis, and proliferation of HNSCC. The tumour suppressor 
phosphatase and tensin homology (PTEN) negatively regulates the cellular level of 
PIP3 by converting it to PIP2 through its lipid phosphatase activity thereby negating 
the activation of AKT and its downstream pathways. More than 80% of mutations 
occur in exon 9 (Helical domain) and exon 20 (Kinase domain) through gene ampli-
fication mechanism and increase in low-level copy number. More invasive forms 
of HNSCC have been proclaimed to harbour copy number increase in 3q26 region 
and engage in vascular invasion and lymph node metastasis. Oncogenic PIK3CA 
mutations are common particularly in HPV-positive head and neck cancers. PIK3CA 
mutations may combine with E6 and E7 proteins of HPV in the evolution of invasive 
OPSCC [57–59].

3.3 p53/Rb/CDKN2A/CCND1 pathway

In HNSCC, TP53 has been linked with the risk of progression from mild dysplasia 
to invasive carcinoma. P53 level is determined by MDM2, which by ubiquitination 
degrades p53. Contrarily, p14 and p16 encoded by CDKN2A inhibits MDM2 and 

Mirghani et al. [60] Hui et al. [61] Gao et al. [62] Lajer et al. [63] Gao et al. [64]

miR-324-5p miR-324-5p miR-324-5p

miR-155 miR-155 miR-155

miR-107 miR-107

miR-9 miR-9

miR-145 miR-145

miR-99b-3p miR-99b-3p

miR-18a-5p miR-18a-5p

miR-26b miR-26b

miR-363 miR-363

miR-381 miR-381

miR-101 miR-101

Table 4. 
Deregulated miRNAs in HNSCC irrespective of HPV infection.
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shields p53 from degradation. RB inhibits E2F transcription factor from progressing 
into the cell cycle. Cyclin and cyclin-dependent kinases (CDK) like D1/CDK4/CDK6 
are activated by mitotic signals which leads to the inactivation of RB via phosphoryla-
tion. p21 (CDKN1) and p16 (INK4A/MTS1/CDKN2) encoded by CDKN2A inhibits 
Cyclin D1-CDK4/6 complex. Phosphorylation of RB results in release of E2F and cell 
cycle progresses to S, G2 and M phases. Inactivation of p53, RB, p16 and p14 through 
mutation, deletion or epigenetic silencing and overexpression of cyclin D1 (CCND1 
gene), MDM2 and CDK4 have been associated with tumorigenesis and reduced sur-
vival in HNSCC. HPV infection can inhibit the activation of p53 and RB in HNSCC. 
Seven early proteins (E1–E7) and two late capsid proteins (L1 and L2) are encoded by 
HPV genome.

HPV E6 combines with E6-associated protein (E6-AP) and endorses p53 ubiq-
uitin proteasome degradation. For binding to RB, HPV E7 protein encounters with 
E2F. As RB acts as a negative regulator for the cyclin-dependent kinase inhibitor p16, 
overexpression of p16 has been established to be of great clinical value in determin-
ing the HPV-positive status of the tumours using immunohistochemistry (IHC) 
(Figure 4) [57–59].

3.4 NOTCH pathway

The NOTCH family consists of four receptors (NOTCH1-4) adhered to the cell 
membrane. They are activated by two families of ligands, namely, Delta-like (Dll1, 
DllL3, Dll4) and Jagged (Jag1 and Jag2). Binding of ligands to NOTCH receptors per-
suade NOTCH cleavage by TNFα-converting enzyme (TACE) (ADAM metalloprotease) 
and γ-secretase, which results in the release of NOTCH intracellular domain (NICD). 
NICD associates with CSL/MAM complex, binds to DNA and promotes transcription. 
NOTCH pathway is a conserved signal transduction cascade which alters cell function 
such as cell differentiation, survival and self-renewal capacity. Notch activity has been 
associated with the suppression of HPV E6 and E7 protein expression, leading to for 

Figure 4. 
EGFR, PI3K-AKT- mTOR, p53/Rb/CDKN2A/CCND1 pathways.
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loss of Notch in HPV+ HNSCC. NOTCH1 signalling stimulates terminal differentiation 
of keratinocytes and it is negatively regulated by EGFR pathway (Figure 5) [57–59].

4. Conclusion

Based upon the research studies till date there is a clear evidence portraying that 
the high risk HPV types are well known for causing Head and neck squamous cell 
carcinoma. The studies have also proved the HPV Viral infection within the different 
anatomic sites; among the different anatomic sites the oropharyngeal region has a 
major impact of getting huge amount of viral load thus causing HPV infection. The 
infected virus further initiates transformation process within the oropharyngeal 
region such as the oropharynx (51%), pharynx (5%), and oral cavity (9%). The viral 
makeover within the oral cavity occurs in the tonsillar crypt epithelium and integrates 
within the human genome. Estimates have shown that there accounts huge amount 
of HPV viral-cellular entry within the tonsillar crypt epithelium. Several studies 
have revealed that there occurs physiological differences between HPV-positive and 
HPV-negative HNSCC, thus differing with respect to clinical behaviour. Certain risk 
factors influence HPV-positive and HPV-negative HNSCC. The HPV-negative oral 
cavity cancer is attributed to chewing of areca nut products, betel leaf (the leaf of 
Piper betel), slaked lime and/or tobacco. Smoking is also contributed to causing HPV-
negative HNSCC. The HPV-positive risk factors include continuous infection with 
HPV and EBV which usually arise in the cancers of Oropharynx and Nasopharynx. 
HPV infections occur in higher rate mainly due to oral sex, and people who have 
not been vaccinated. Research findings have revealed that there occurs difference 
in genes being mutated in HPV-positive and HPV-negative HNSCC. The most com-
mon genes mutated within HPV-positive and HPV-negative HNSCC include TP53, 
PIK3CA, PTEN, FBXW7, HRAS. Among these the TP53 has the highest mutations in 
HPV-negative HNSCC and in HPV-positive HNSCC the E6/E7 viral proteins has the 
highest integration in the human genome, the PIK3CA gene has a profound mutation 
levels in HPV-positive HNSCC. Studies on the epigenetic alterations in HPV-positive 

Figure 5. 
NOTCH pathway.
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and HPV-negative HNSCC reveal differentially expressed miRNAs. The methylation 
characteristics of HNSCC illustrate a variation in hypermethylation and hypometh-
ylation levels in HPV-positive and HPV-negative HNSCC. Further the methylation 
status differs among the anatomic sites of HNSCC. The integration of HPV within 
human genome causes an aberrant expression of proteins among the different 
anatomic sites. It has been reported that the viral proteins E6 suppresses p53 gene and 
E7 suppresses Rb gene. These two genes are involved in several normal regulatory cell 
cycles. Patients with HPV positive and Tobacco-associated HNSCC ensues abrogation 
of p53 and retinoblastoma (Rb) genes. There occurs other immunomodulatory pro-
teins elevated in HPV-negative HNSCC and in HPV-positive HNSCC, PD-1 and PDL1 
detected in higher levels in nasopharyngeal cancers, pharyngeal cancers. Thus the 
studies on the HPV-positive and HPV-negative HNSCC with regard to their anatomi-
cal, physiological, genetic, proteomic characteristics can bring out novel treatment 
strategies. Further molecular and genetic studies are required to bring out unknown 
facts within the HPV-positive and HPV-negative HNSCC. The so far obtained data can 
be implemented in future diagnostic and clinical applications.

Abbreviations

ADAM a disintegrin and metalloproteinases
AJUBA Ajuba LIM Protein
AKT1 v-akt murine thymoma viral oncogenes homolg 1
ALDH1 aldehyde dehydrogenase 1
APOBEC apolipoprotein B mRNA-editing enzyme catalytic polypeptide
ARID1A AT-rich interaction domain 1A
ATG13 autophagy-related protein 13
ATM ataxia telangiectasia mutated
BIRC2 baculoviral IAP repeat containing 2
BRCA2 BReast CAncer gene 2
CASP8 cysteine-aspartic acid protease (caspase) family
CCND1 cyclin D1
CD133 cluster of differentiation 133
CD44 cluster of differentiation 44
CD56 cluster of differentiation 56
CDH10 Cadherin 10
CDK4 cyclin-dependent kinase 4
CDK6 cell division protein kinase 6
CDKN2A cyclin-dependent kinase inhibitor 2A
CSMD1 CUB and Sushi multiple domains 1
CTTN cortactin
DAPK death-associated protein kinase 1
E2F1 E2F transcription factor 1
ECAD epithelial cadherin (E-cadherin)
E-FABP epidermal fatty acid binding protein
EGFR epidermal growth factor receptor
ENPP1 ectonucleotide pyrophosphatase/phosphodiesterase 1
EPHB3 ephrin type-B receptor 3
ERBB2 receptor tyrosine-protein kinase erbB-2
EZH2 enhancer of Zeste 2 polycomb repressive complex 2 subunit
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FADD Fas associated via death domain
FAT1 FAT atypical cadherin 1
FBXW7 F-box and wd repeat domain containing 7
FGFR1 fibroblast growth factor receptor 1
FGFR3 fibroblast growth factor receptor 3
FHIT fragile histidine triad
FLG filaggrin
HLA I human leukocyte antigen
HNSCC Head and Neck Squamous Cell Carcinoma
HPV Human Papillomavirus
HRAS Harvey rat sarcoma viral oncogenes homolog
KEAP1 Kelch-like ECH-associated protein 1
KMT2D lysine methyltransferase 2D
LINE long interspersed elements
LRP1B low-density lipoprotein receptor-related protein 1B
MCM7 minichromosomal maintenance protein 7
MDM2 mouse double minute 2 homolog
MGMT O6-methylguanine DNA methyltransferase
MICAL2 Microtubule Associated Monooxygenase Calponin and LIM Domain 

Containing 2
MLL2 histone-lysine N-methyltransferase MLL2
MSH2 MutS homolog 2
MUC16 Mucin 16 cell surface associated
MYC MYC proto-oncogene
NF1/2 neurofibromatosis type 1
NFE2L2 nuclear factor erythroid 2-related factor 2
NICD NOTCH intracellular domain
NLRP12 NLR Family Pyrin Domain Containing 12
NOTCH1 Notch homolog 1 translocation-associated (Drosophila)
NRF2 nuclear factor erythroid 2-related factor 2
NRXN3 Neurexin 3
NSD1 nuclear receptor binding SET domain protein 1
OPSCC Oropharyngeal Squamous Cell Carcinoma
PARP-1 poly [ADP-ribose] polymerase 1
PCR Polymerase Chain Reaction
PD1 PDCD1; programmed cell death 1
PDL1 programmed cell death ligand 1
PI3KCA phosphatidylinositol-45-bisphosphate 3-kinase catalytic subunit 

alpha
PIK3CB phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit 

Beta
PISH PCR in situ hybridization
PTEN phosphatase and tensin homolog
RASSF1 Ras Association Domain Family Member 1
Rb retinoblastoma
RTKs receptor tyrosine kinases
RUFY1 RUN and FYVE domain containing 1
SINE short interspersed elements
SMAD4 SMAD family member 4 mothers against decapentaplegic homolog 4
SOX2 sex determining region Y
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SRC proto-oncogene tyrosine-protein kinase sarcoma
SYNE1 spectrin repeat containing nuclear envelope protein 1
TERT telomerase reverse transcriptase
THSD7A thrombospondin type 1 domain containing 7A
TILs Tumour infiltrating lymphocytes
TM7SF3 transmembrane 7 superfamily member 3
TNK2 tyrosine kinase non receptor 2
TP53 tumour protein p53
TRAF3 TNF receptor associated factor 3
TRX thioredoxin
TSCC tongue squamous cell carcinoma
UBR5 ubiquitin protein ligase E3 component N-recognin 5
UNC5D Unc-5 netrin receptor D
USH2A Usher syndrome type 2A
YAP1 yes-associated protein 1
ZFHX4 Zinc Finger Homeobox 4
ZNF676 zinc finger protein 676
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