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Abstract: - Head and Neck cancer is a devastating and unresectable disease, is the sixth most prevalent cancer accounting for 3%
of all cancer. Majority of head and neck cancer originated from mucosal lining of the upper aero-digestive tract part especially in
larynx, pharynx, oral cavity and nasal cavity collectively termed head and neck squamous cell carcinoma. Tobacco and alcohol are
crucial risk factors of head and neck cancer. Additional etiologies that cause head and neck cancer are viral infection and genetic
susceptibility factors and its association with head and neck cancer is still to be understood. Genetic instability is one of the prevalent
features of all types of cancers. Genetic blueprint (DNA) is usually damaged by exogenous, endogenous mutant agents and genetic
variant in combination with environmental exposure to exogenous/endogenous carcinogens is the main factor responsible for
differences between individuals. Single nucleotide polymorphisms in DDR (DNA damage repair) genes are accountable for multiple
cancers including head and neck cancer. In this time line article, we focus on the correlation between polymorphisms in the genomic
stability pathway and emergence of head and neck cancer. Additionally, we also highlight the various treatments implicated in head
and neck cancer.
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l. INTRODUCTION HNC includes the neoplasm of the larynx, pharynx, oral

cavity and nasal cavity. Appearance of a lump or nodule in the

Head and Neck cancer (HNC) consists of a heterogeneous
group of tumors with multiple cellular origins and located at
multiple anatomical sites within the head and neck regions.
Most of the head and neck cancers are HNSCC (head and neck
squamous cell carcinoma). It is classified as the sixth most
prevalent cancer while the 7th most leading cause of cancer is
associated death globally with 650,000 new cases
appearing/year [1, 2, 3].
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lymph region is an early symptom of HNC [4, 5]. The most
prominent features of HNSCC are a lump in the neck, sore
throat, cough, difficulty in swallowing food, bleeding from
mouth and difficulty in breathing and speaking [6]. Global
burden of HNSCC is firmly linked with specific lifestyle
(excessive consumption of alcohol and tobacco) and
environmental factors (UV light, virus-human papillomavirus
and Epstein-Barr virus) or both [7, 8]. Several
epidemiological studies showed that consumption of alcohol
and tobacco are the crucial risk factors of HNC [9, 10] and
may have synergistic effects. Family history associated with
cancer is another crucial risk factor for the development of
HNC suggesting that genetic factors may promote the
susceptibility of HNC [11]. HNC accounts for 3% of all
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malignancies in the United States with 66,000 new cases
while 14,600 deaths per year [12]. Males are more prone to
HNC in contrast to females with a ratio of 4:1 especially in
South Central Asia which accounts for 25% of all cancers
[13]. The frequency of occurrence of HNC varies across the
population of countries [14]. Occurrence of oropharynx
cancer in male is more frequent in France while in case of
females, it is more frequent in India [15]. Highest incidence
rate of oro-pharyngeal carcinoma has been reported in India
with 68.6% of patients with advanced stage [16]. Genome of
human is persistently exposed to endogenous (methylating
agent, aldehydes, hydrolytic deamination, reactive oxygen
species and carbonyl stress) and exogenous agents (UV light,
ionizing radiation, toxin, pollutant and chemical) [17, 18].
These mutational agents may trigger an abnormal DDR
response resulting in apoptosis, chromosomal instability and
uncontrolled proliferation of cells [19, 20, 21]. DDR genes
play a pivotal role in protecting the cells from DNA insult and
in maintaining the integrity of humans. Additionally,
replication of the insulted DNA triggers mutation that leads to
disease. Hence, any alteration in DDR genes could enhance
the risk of HNC [22]. Multiple DDR pathways are available
to maintain the integrity of human genome including
nucleotide excision repair (NER), base excision repair (BER),
mismatch repair (MMR), direct reversion repair (DRR) and
double-strand break repair (DSBR) [23]. In this overview, we
focus on the correlation between polymorphisms in the
genomic stability pathway and emergence of head and neck
cancer.

1.1 Genetic Susceptibility - Head and Neck Cancer

Only some of the cases of alcohol and tobacco users develop
HNSCC which proposed that genetic factors may have a role
in the development of HNSCC. A meta-analysis conducted by
Foulkes et al., [24] reported that the risk of HNSCC is found
to increase in first-degree relatives of patients with HNSCC.
There are two important genetic factors that may increase the
susceptibility of individuals to HNSCC i. e. carcinogen
metabolizing and DNA repair enzymes. Carcinogen
metabolizing enzymes are important players as they maintain
the balance between detoxification of potential and metabolic
activation of carcinogens. Hence, polymorphisms in genes of
carcinogen-metabolizing enzymes may increase the
susceptibility of individuals to HNSCC. Exposure to
environmental carcinogens impaired the DNA by the way of
alkylation, oxidative stress, and formation of adducts, and
single or double strand breaks. Genetic differences among
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individuals particularly in DNA repair [25, 26, 27 28] and
metabolic enzymes [29, 30, 31] will affect the risk of cancer.
Risk of HNSCC may increase in the individual having altered
capacity of the DNA repair mechanism. NER (nucleotide
excision repair) pathway plays a key role to remove the
oxidative DNA damage and bulky mono-adduct [25].
Burgeoning evidence reported the relationship between
abnormalities in the DNA repair and HNSCC [32, 33, 34].
Gene products of XRCCl1 interact with poly (ADP-ribose)
polymerase, polymerase-f and DNA ligase-III to participate
in the BER (base excision repair pathway). XPD (xeroderma
pigmentosum group-D) possesses activities of DNA helicase
and single-stranded DNA-dependent ATPase that are
involved in unwinding the region of damaged DNA. One of
the previous studies reported the five polymorphisms in a
single base of NER genes, two polymorphic sites in
XPD/ERCC2 [35]. A study led by Shen et al., [36] reported
additional 13 polymorphisms associated with XPD, four in
XRCC3 and three in XRCCIl. Accumulating evidence
demonstrated the association between polymorphism in
XRCC1 and XPD with risk of head and neck cancer [37, 38,
39].

1.2 DNA Repair genes - Head and Neck Cancer

Constant degradation of genomic material occurs due to
exposure of exogenous and endogenous factors. Genomic
instability is the important manifestation of cancer which is
caused by alternation in the DNA repair pathway. There are
many different kinds of DNA damage or lesions which are
dealt with different pathways including BER, NER, MMR
(mismatch repair), single stranded break and double stranded
break. Basically, single stranded break is considered as an
integrated part of BER, NER and double stranded break
pathway. Most severe condition associated with DNA damage
is double stranded break [40]. NER and BER involve single
stranded break which may transform into double strand break
if irreparable during the replication process [41]. Non-
homologous end joining (NHEJ) and homologous
recombination (HR) are two pathways which are involved in
repairing double strand break [41]. Most commonly SNPs
associated with genomic stability pathways are represented in
Table-1.

1.3 Base excision repair (BER) pathway

It plays a key role to protect the genetic material from the
deleterious effects of reactive oxygen species (ROS). In spite
of this, it also repaired the single stranded break [42].
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Inherited mutation in genes associated with the BER pathway
is very uncommon. However, polymorphism in some genes
(OGG1, APE1 and XRCCI1) has been found to genetically
link with risk of HNSCC [43]. OGGI removes the glycosidic
bond between sugar moiety and altered base leaving behind
apurinic site (AP) which is incised and the resultant gap is
repaired by a phosphodiesterase followed by DNA ligase [44].
More than 439 SNP has been reported for OGG1 and S326C
is the most commonly studied SNP (rs1052133) which is
located in exon 7 of human (h) OGG1. A few studies reported
the association of S326C SNP with the development of head
and neck cancer [44, 46, 47, 48]. A case control study led by
Elahi et al., [49] reported the association of S326C SNP with
head and neck cancer. One of the earlier studies demonstrated
that S326C SNP may enhance the risk of HNSCC in case of
smoking [47]. The results associated with S326C SNP are still
contradictory as few studies reported the negative results
which may be due to genetic differences among ethnic groups,
small sample size and exposure of carcinogen in different
populations. APE1, an enzyme that catalyzes the hydrolysis
of phosphodiester bonds at the 5° site of AP site. It also repairs
the single strand breaks which are generated either through the
enzymatic removal of base or ROS [50, 51]. Eighteen of 123
SNP of APEI are very frequent and the most highly studied
SNPs are T656G (rs1760944) and DI148E (rs3136820).
Earlier studies showed that T656G SNP alter the
transcriptional activity of APE1 while DI48E delays the
meiotic activity in the cells post ionizing exposure and
eventually contributes to development of cancers [52, 53, 54].
A hospital care case control study conducted by Li et al., [55]
found that no association between the alteration in APE1 and
risk of HNSCC. A study conducted by Matullo et al., [56]
found that DI48E SNP was associated with decreased
incidence of head and neck cancer. A meta-analysis conducted
by Gu et al., [57] found that DI48E SNP acts as a low
penetrance risk factor for head and neck cancer. XRCCl,
another BER protein which recognizes the single strand break
and more than 200 SNP have been reported with most
extensively studied SNPs are R194W (rs1799782), R280H
(rs25489), and R399Q (rs25487). Several previous studies
demonstrated that R399Q SNP was linked with different kinds
of cancers [58, 59, 60]. Hu et al., [61] reported that R194W
SNP was found to link with a risk of development of cancer
while the R280H SNP was linked with an enhanced risk of
cancer. Li et al., [55] reported that R399Q was found to
significantly link with risk of head and neck cancer in Asian
population. A recent meta-analysis conducted by Xia et al.,
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[62] found that the R399Q was associated with the
development of head and neck cancer among Caucasian. A
few studies reported that the R280H decreases the genomic
stability and modulates the sensitivity to ionizing radiations
[54, 63]. Dutta et al.,[64] found that the R399Q was found to
link with inferior survival functions. Applebaum et al., [65]
reported that the polymorphism in XRCCI confirms the
susceptibility of development of HNSCC with respect to
smoking.

1.4 Nucleotide Excision Repair (NER) Pathway

NER pathway plays a key role to maintain the integrity of
genomic material particularly repairing the multiple bulky
helix distorting DNA modifications [66]. Tumors with up-
regulated NER possess an intrinsic resistance to
chemotherapy and radiotherapy [67] resulting in continued
tumor growth and metastasis even post treatment [68]. Most
extensively studied genes of the NER pathway that were
associated with the development of head and neck cancer are
XPA, XPC, ERCCI1, ERCC2/XPD, ERCC4/XPF and
ERCC5/XPG. XPA involves DNA excision repair and
transcription associated repair pathway [69]. Several lines of
evidence reported that Polymorphism in XPA was associated
with progression of HNSCC [70, 71]. The most commonly
investigated SNP of XPA was A23G located in 5° UTR (un-
translated region). The patients with XPA polymorphism,
especially A23G, had a decreased risk of lung cancer in
Korean [72] and Caucasian populations [73]. Several lines of
evidence reported the association between risk of head and
neck cancer and A23G SNP [74, 75, 76, 77]. A study
performed by Sugimura et al., [74] found that the A23G SNP
was linked with risk of oral squamous cell carcinoma. Bau et
al., [77] also reported similar findings with A23G SNP. A
meta-analysis based on case control studies found that the
A23G SNP was associated with the developmental risk of
head and cancer [78]. XPC is another candidate of NER
pathway which involves in recognition of DNA damage and
changing the conformation around the lesion [79]. Three most
common SNP (poly-AT insertion +/- deletion, A499V and
K939Q) have been identified. A small case control study
carried out by Shen et al., [80] found that the risk of HNSCC
was found to be associated with the XPC-PAT + allele.
However, a large case-control study conducted by An et al.,
[81] reported that only A499V SNP was correlated with
enhanced risk of HNSCC. One of the earlier studies reported
that expression of XPC may influence the risk of HNSCC.
They also reported that there was no association between
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XPC-PAT and HNSCC risk in a Korean population [82]. A
recent study showed that patients with homozygous alleles for
the XPC (A>C) develop HNSCC risk in the early stage in
North Indian Population [83]. ERCCI1 is a critical protein in
the NER pathway and polymorphism of XRCC1 has been
identified to enhance the susceptibility of carcinogenesis [84].
Three common ERCCI1 SNPs are Asnl18Asn (rs11615),
IVSS + 8092>A (rs321986), and 33C>A (rs3212961) which
was most extensively studies among 437 SNPs. A few meta-
analyses reported that only IVS5 +33C>A and Asnl18Asn
SNPs are low penetrance risk factors for the development of
cancer [85, 86]. Most of the studies were focused on 8092C>A
SNP and risk of head and neck cancer [74, 76, 81, 87]. A small
case control study reported the link between 8092C>A SNP
of ERCC1 and mRNA expression and they observed the lower
expression of ERCC1 mRNA in HNSCC patients in contrast
to controls [88]. One of the previous studies reported that the
combination of 8092C>A SNP with the XPDAsp312Asn SNP
may enhance the HNSCC risk [89]. However, the results with
8092 C>A SNP are still contradictory as few studies have not
observed an association between HNSCC risk and 8092 C>A
in different genetic models [81, 85]. A recent study suggested
that the 8092C>A SNP was correlated with increased risk of
oral squamous cell carcinoma [90]. XPD is another enzyme of
the NER pathway which removes UV induced DNA lesions,
chemically induced bulky adducts and DNA cross links.
Asp312Asn (rs1799793) and Lys751Gln (rs13181) are two
well studied SNP among 560 SNPs. A study led by Hou et al.,
[91] reported that The Asn312 variant allele of XPD was
correlated with decreased repair of DNA adducts. The K751Q
SNP has also been found to be associated with decreased
DNA repair proficiency [92]. Sturgis et al., [89] firstly
reported the link between risk of HNSCC and the Asp312Asn
SNP. They also observed that this SNP in combination with
ERCCI1 8092C>A SNP had a significant correlation with risk
of head and neck cancer. One of the studies reported the
elevated risk of head and neck cancer with K751Q SNP of
XPD which was more prominent in Europeans in contrast to
Asians [93]. XPF is also known as ERCC4 which possess
catalytic domain of DNA nuclease [94] and involve in
excising bulky DNA adducts. Only two common SNPs
Ser835Ser (rs1799801) and Arg415GIn (rs1800067) have
been extensively investigated [76, 81, 95]. A meta-analysis
reported that two SNPs were not found to correlate with the
risk of head and neck cancer [96]. Inconsistent results are
associated with XPF polymorphism and HNSCC risk.
ERCCS also termed as XPG possesses endonuclease activity
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which is important for two step incision in NER [97]. Only
the 1104 N> H SNP (rs17655) has been well studied and
correlated with susceptibility of head and neck cancer risk.
Although, this SNP together with SNPs of multiple other
genes of NER pathway may contribute to alter the DNA repair
capacity phenotype while none of the studies observed
statistically significant correlation with head and neck cancer
risk [76, 98, 99]. However, a recent meta-analysis conducted
by Hu et al., [100] reported a positive correlation between
XPG polymorphism and increased susceptibility of head and
neck cancer.

1.5 Mismatch Repair (MMR) Pathway

MLH1 and MSH2 are chief proteins of the MMR pathway that
recognize and correct the replication errors. Numerous SNPs
of identified in MLH1 and MSH2 have been reported while
few of them was extensively investigated for their correlation
with risk of cancer like the 93G>A SNP (rs1800734) of
MLH1 which is reside in the promoter region [85]. Most of
the research focused on the association 93G>A SNP with risk
of colorectal cancer. Decreased expression of MSH2 has been
observed in HNPCC (hereditary non-polyposis colon cancer)
as well as in other human cancers. The Gly322Asp SNP of
MSH2 gene which is located in the coding region and
associated with modest reduction in MMR efficiency.
Although, none of the studies have reported the association of
both the Gly322Asp and 93G>A SNPs with head and neck
cancer risk. There are two MMR proteins (PMS2 and MSH6)
which interacts with MLH1 and MSH2 respectively and they
reported that the alteration in MSH6 expression can disrupt
the integrity of MMR while PMS2 plays a key role in
repairing DNA damage by forming a complex with MLH1
and MSH2 which bounds with mismatched bases. Numerous
SNPs have been reported for MSH6 (1013) and PMS2 (945)
while inherited mutations were the most extensively
investigated studied with risk of colorectal cancer. A study led
by Nicolaides reported the association of PMS2 SNP with
HNPCC cancer. Inherited mutations in MSH2 and MLHI1 are
more frequently observed in colorectal tumors or HNPCC
because these tumors possess microsatellites (a marker for
malfunction of MMR) that were not frequent in head and
cancer.[87]

1.6 Direct reversion Repair (DRR) Pathway

MGMT (O6-methylguanine DNA methyltransferase) is
enzyme of the DRR pathway which transfers the -CH3 group
from the O6-position in guanine and onto the cysteine residue
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present in the enzyme. One of the studies reported an
increased incidence of nitrosamine-induced tumorigenesis in
MGMT knockout mice. Two common SNPs (L84F and
1143V) associated with MGMT have been extensively studied
for their roles in the development of head and neck cancer.
Zhang et al., [91] reported that none of the SNPs of MGMT
was associated with HNSCC risk but the combined effect of
multiple MGMT allelic variants may promote the risk of
HNSCC. Several studies demonstrated that the Leu84Phe
SNP was not correlated with HNSCC risk. [79]. A meta-
analysis done by Cai et al., [95] showed that aberrant
methylation of the MGMT promoter was significantly
associated with HNSCC risk. A recent study showed that
hypermethylation of MGMT is a critical event in head and
neck cancer [85].

1.7 Double Strand Break Repair (DSBR) Pathway

Double strand break is the most severe kind of DNA damage
which is basically repaired by homologous recombination and
non-homologous end joining pathway [70].

1.7.1 Homologous Recombination (HR):

HR occurs during meiotic division in which similar DNA
sequenced from the chromosome of parents. Polymorphism in
some of the genes (XRCC2, XRCC3, RADS51 and NBS1) of
HR was studied for their roles in the development of HNSCC
risk. XRCC2 (X-ray repair cross-complementing 2) is located
on the long arm of chromosome 7 (7q36.1) which is a critical
member of the HR pathway and it is involved in the
progression of various cancers including head and neck
cancer. R1I88H (rs3218536) SNP of XRCC2 is the most
common SNP among 661 SNPs has been identified in
epidemiological investigations. One of the earlier studies
reported the association between R188H SNP and risk of
UADT (upper aero-digestive tract) cancer [12]. In spite of
this, R188H was found to be associated with an enhanced risk
of oral cancer [61]. On the contrary, the R188H and other
three SNPs associated with the promoter region have been
correlated with decreased risk in other kinds of cancers like
bladder cancer [72]. One of the studies reported that the
combined effect of tobacco and polymorphism in XRCC2
gene enhanced the risk of head and neck cancer. Saeed et al.,
[24] studied that polymorphism in XRCC2 gene is directly
related with enhanced risk of head and neck cancer. XRCC3
is a member of the RADS1 family and participates in the HR
of double strand DNA break and cross-links [25]. Reduced
HR has been reported in XRCC3 deficient cell lines [94]. The
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Thr241Met (rs861539) SNP in XRCC3 among 438 SNPs was
most commonly investigated which has been found to have
marginal effect on DNA repair capacity. A meta-analysis
conducted by Yin et al., [27] found an association between the
T241M SNP and risk of head and neck cancer. One of the
studies showed that polymorphism in XRCC3 may affect the
survival and risk of HNSCC [58]. A recent study reported an
association between the C722T SNP and enhanced HNSCC
risk [69]. RADS1 is involved in HR to maintain the stability
of chromosomes by repairing the double strand break and
DNA cross-links [90]. It is associated with the products of
BRCAT1 and BRCA2 (tumor suppressor gene) suggesting that
any alteration in recombination may culminate with tumor
development [31]. Kayani et al, [32] showed that
polymorphism in RAD51 may act as a biomarker for the
susceptibility of head and neck cancer. Two SNPs (172G>T
and 135G>C) in the 5'- UTR of RADS51 have been extensively
studied for their role in the development of sporadic breast
cancer [33]. A few studies demonstrated the relationship
between risk of head and neck cancer with the 135G>C SNP
while the obtained results were inconsistent. Lu et al.,
reported that the 172G>T SNP was correlated with decreased
risk of HNSCC which was further verified by Gresner et al.,
[37]. One of the studies reported that the homozygous variants
(CC) of RADS1was correlated with a 2.5 fold increased risk
of head and neck cancer while heterozygous variants (G/T)
was associated with a 1.68 fold increased in head and neck
cancer risk in contrast to control [95]. Recently, a meta-
analysis explored that the 135G>C SNP was significantly
associated with the risk of head and neck cancer [98].

1.7.2 Non-homologous End Joining (NHEJ) Pathway:

It repaired the double DNA strand break without need of
homologous DNA sequence template. Imperfect NHEJ results
in telomere fusion and translocation which is manifestation of
tumors [39]. The key components of the NHEJ system are
XRCC4, XRCCS5 and XRCC6 and polymorphism in these
genes may lead to carcinogenesis. XRCC4 is a critical
component of NHEJ pathway and restores the double strand
break especially to joints the blunt ends of damaged
DNA. The Ser298Ala (rs3734091) SNP was the most
commonly explored in comparison to other SNPs and was
found to be associated with the risk of oral cancer in
Taiwanese populations [40]. They also reported that patients
with 247A allele had a 2.04 fold higher chance of developing
cancer. Additionally, another study observed that an intron 3
deletion genotype may be correlated with risk of oral cancer
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in Taiwanese individuals [85]. A hospital based case control
study showed that the increased genetic susceptibility was
correlated with the XRCC4 in rural Indian populations [42].
XRCC5 (or Ku80/Ku86) and XRCC6 (or Ku70), are the key
players of NHEJ pathway and plays a major role to repair the
double strand break during the eukaryotic cell cycles
especially at the GO/G1 phase [83]. XRCC5/6 is very
important as they maintain the integrity of chromosomes.
Several lines of evidence showed that they play a more
prominent role in adult mammals in contrast to HR which acts
as an alternative repair mechanism for double strand break
[44, 45]. Numerous SNPs have been reported for XRCC5
(1092) and XRCC6 (843). A study led by Werbrouck et al.,
[35] showed that the genotypes of rs2267437 in XRCC6 and
rs3835 in XRCCS were not associated with risk of HNSCC.
They also reported that no interaction was observed between
these genotypes and genes of alcohol and smoking. Bau et al.,
[46] observed that the SNP rs5751129 in the promoter region
of XRCC6 was correlated with risk of oral cancer in
Taiwanese populations. A study conducted by Hsu et al., [77]
showed that the rs828907 SNP of XRCCS5 but not rs9288518
or rs11685387 genotype was correlated with genetic
susceptibility to oral cancer. Recently, a study has been shown
that the SNP in XRCC5/6 was correlated with risk of head and
cancer in the rural population of India [42]. One of the earlier
studies has shown that a combination of XRCC4/5/6 may
increase the risk of oral cancer in Taiwanese population [48].

Il. MANAGEMENT - HEAD AND NECK CANCER

The management of cancer is very difficult especially in India
owing to affordability and availability of treatment modality.
Radiotherapy is the most commonly used modality to cure
head and neck cancer. In India, surgery with radiotherapy is
the most prevalent treatment (36.9%) employed in Mumbai
while radiotherapy (>80%) is most commonly employed in
Dibrugarh to manage head and neck cancer [99]. Beside this,
surgery, chemotherapy, targeted therapy, immunotherapy and
combination of these modalities are used to manage the head
and neck cancer.

2.1 Surgery

The goal of the surgery is to remove the cancerous tumor and
some surrounding tissue around the tumor. Several kinds of
surgery are available for head and neck cancer including laser
technology, excision, lymph node dissection or dissection and
reconstructive or plastic surgery. Laser technology employed
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to manage the early-stage tumor especially if it occurs in the
larynx. Excision is the operation that removes the cancerous
tumor as well as surrounding healthy tissue termed as margin.
Lymph node dissection is done by the doctors especially when
doctors suspect that cancer has spread. Reconstructive surgery
is employed when a large proportion of tissue is needed to
remove from the cancer patients like removal of jaw, pharynx,
skin and tongue. Reconstructive surgeries restore the normal
appearance of cancer patients. In case of head and neck
cancer, surgical side effects are disfigurement of face,
impaired speech, reduced thyroid function, permanent loss of
voice and hearing. In addition to this, lymphedema can occur
in case of removal of the larynx.

2.2 Radiotherapy

It is the most prevalent modality used to treat various cancers.
It is the use of X-rays of high energy or other particles to
destroy the cancerous cells. Radiation therapy may be
employed in different ways to manage the head and neck
cancer like help to cure the disease or reduce the associated
symptoms. It may be used solely or in combination with other
therapy like chemotherapy or surgery. The prevalent radiation
therapy to cure head and neck cancer is external beam
radiation therapy (EBRT). IMRT (intensity-modulated
radiation therapy) and proton therapy are the subtypes of
EBRT. Proton therapy is not employed in case of head and
neck cancer. IMRT uses advanced technology that enhances
the accuracy of beam radiation only at the cancerous tumor
cells. Complications associated with radiation therapy
including skin irritation, hypothyroidism, Xerostomia,
lymphedema, mouth and throat sores, fatigue and nausea.

2.3 Chemotherapy

It is the systemic use of drugs to damage the cancerous tumor
cells by inhibiting the tumor cells from proliferation and
differentiation. A chemotherapy schedule comprises a
specific number of cycles for a particular period. Sometimes
medical oncologists recommend this as a part of radiation
therapy because radiation enhances the sensitivity of tumor
cells. Cisplatin is the standard drug employed against head
and neck cancer. Other commonly used chemotherapy drugs
are  cisplatin, carboplatin, fluorouracil, paclitaxel,
methotrexate and docetaxel. Cetuximab is the recently
approved drug that is used in case of head and neck cancer.
Complications associated with chemotherapy are nausea,
fatigue, loss appetite, loss of hair, and diarrhea which depends
upon the individual and dose of drugs.
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2.4 Targeted Therapy

It is the newest form of drug therapy and allows doctors to
treat the individual tumor having specific genetic differences
which is identified by genomic testing. This therapy targets
the specific proteins, genes and tissue microenvironment
around the tumor cells especially those involved in growth and
survival of tumor cells. Due to positional heterogeneity, all
tumors do not have similar targets. EGFR (epidermal growth
factor receptor) is the only target approved for head and neck
cancer. Cetuximab, zalutumumab, panitumumab and
nimotuzumab are the EGFR monoclonal antibodies while
gefitinib, lapatinib, erlotinib, dacomitinib and afatinib are the
EGFR tyrosine kinase inhibitor (TKI) employed to cure the
head and neck cancer.

2.5 Immunotherapy

It is also known as biological therapy because it enhances the
natural defense system of the patients to fight cancer. There
are two checkpoint inhibitors (Pembrolizumab and
nivolumab) approved by the US-FDA as immunotherapy
drugs for the treatment of metastatic head and neck cancer.
Both drugs target the PD1-protein reside on immune cells.
Common complications associated with immunotherapy are
flu-like symptoms, weight changes, diarrhea, and skin
reactions.

2.6 Combination Therapy

Most of the head and neck cancers can be treated if they are
diagnosed at an early stage. If the head and neck cancer enter
into the severe stage and affects the quality of life of the
patients, then doctors employ a combination therapy to cure
the cancer.

lll. CONCLUSION

Genomic material of humans is constantly exposed
to exogenous and endogenous factors. Malfunction in the
DNA repair genes increase the instability of genomic material
which is a hallmark of cancer. Several published studies
explored the role of DNA repair genes to know the genetic
susceptibility to head and neck cancer while still results are
inconsistent. Unveiling the role of molecular players that
interplay between different DNA repair pathways may be
helpful to develop the novel therapeutic drugs. In spite of this,
large international multi-centric studies are needed to know
the mechanism behind the ethnic genetic variability among
the individuals of different countries as well as to shed a light
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on the molecular signatures behind the positional and
temporal heterogeneity features of tumor cells related to head
and neck cancer.
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