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Abstract
Head and neck squamous cell carcinoma is the sixth 
most common cancer in the world with approximately 
650000 new cases diagnosed annually. Next-generation 
molecular techniques and results from phase 2 of the 
Cancer Genome Atlas becoming available have drasti-
cally improved our current knowledge on the genet-
ics basis of head and neck squamous cell carcinoma. 
New insights and new perspectives on the mutational 
landscape implicated in head and neck squamous cell 
carcinoma provide improved tools for prognostica-
tion. More importantly, depend on the patient’s tumor 
subtypes and prognosis, deescalated or more aggres-
sive therapy maybe chosen to achieve greater potency 
while minimizing the toxicity of therapy. This paper 
aims to review our current knowledge on the genetic 
mutations and altered molecular pathways in head and 
neck squamous cell carcinoma. Some of the most com-
mon mutations in head and neck squamous cell carci-
noma reported by the cancer genome atlas including 
TP53, NOTCH1, Rb, CDKN2A, Ras, PIK3CA and EGFR 
are described here. Additionally, the emerging role of 

epigenetics and the role of human papilloma virus in 
head and neck squamous cell carcinoma are also dis-
cussed in this review. The molecular pathways, clinical 
applications, actionable molecular targets and potential 
therapeutic strategies are highlighted and discussed in 
details. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
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Core tip: Head and neck squamous cell carcinoma 
(HNSCC) is the sixth most common cancer in the world 
with approximately 650000 new cases diagnosed an-
nually. Understanding the molecular pathways that are 
implicated in the pathogenesis of HNSCC enable clini-
cians to be able to classify and to prognosticate the 
disease based on subtypes, such as human papilloma 
virus (HPV)-positive vs  HPV-negative HNSCC. More 
importantly, patients may be placed on de escalated 
or more aggressive therapies depend on their tumor 
subtypes and prognosis. This paper aims to review our 
current knowledge of the most common genetic altera-
tions in HNSCC. 
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INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is the 
sixth most common cancer in the world with approxi-
mately 650000 new cases diagnosed annually[1]. Lesions in 
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the head and neck area impair both forms and functions 
significantly. Surgery, one of  the three pillars of  treat-
ments, is not only technically demanding but surgery also 
presents difficult challenges during rehabilitation in the 
postoperative period. On the other hand, radiotherapy is 
associated with significant complications and side effects 
that render the treatments intolerable for many patients. 
Thus, understanding the molecular pathways that are im-
plicated in the pathogenesis of  HNSCC enables clinicians 
to be able to classify the disease based on subtypes, such 
as human papilloma virus (HPV)-positive vs HPV-negative 
HNSCC and to prognosticate better. More importantly, 
patients may be placed on deescalated or more aggressive 
therapies depend on their tumor subtypes and progno-
sis. Moreover, chemotherapy has been useful to prevent 
recurrence in other cancers such as breast and may be-
come relevant in HNSCC when an actionable target is 
discovered. The aim of  this paper is to review our current 
knowledge of  the molecular pathogenesis of  HNSCC- 
knowledge made available by advanced, next-generation 
molecular techniques. We also discuss how this growing 
body of  evidence currently shapes research interests and 
research directions in the quest of  finding better treat-
ments for HNSCC. 

CELLULAR PROLIFERATION
TP53
TP53 encodes for the p53 protein and is widely touted 
as “the guardian of  the genome” due to its master 
regulatory role in monitoring DNA damage, promot-
ing senescence, inducing cell cycle arrest and apoptosis. 
Early studies revealed that somatic mutations in TP53 
are found in 47% to 70% of  HNSCC making TP53 mu-
tations the most commonly mutated genes implicated 
in HNSCC[2-5]. Smoking and alcohol, two well-known 
causes of  TP53 mutations are the leading risk factors in 
HNSCC[6,7]. Furthermore, evidence suggests that these 
mutations occur relatively early in the course of  HN-
SCC development. Premalignant dysplastic lesions for 
HNSCC such as leukoplakia contain TP53 mutations 
in as high as 27% of  cases[8]. Additionally, the presence 
of  p53 mutations in these premalignant lesions also in-
creases the risk of  progression to invasive carcinoma[8,9]. 

It is important to point out that such precursor lesions 
indicate a field defects and that both clonal and non-
clonal TP53 mutations can be found in macroscopically 
normal epithelium[5]. In as high as 35% of  oral and oro-
pharyngeal carcinomas, the primary tumor is surrounded 
by mucosal epithelium that contains TP53 mutations[10].

TP53 is not only a significant determining factor in 
the carcinogenesis but patients with TP53 mutations 
also have worse prognoses. In a study by Poeta et al[11] 
HNSCC patients with disruptive TP53 mutations have 
a decreased survival rate of  more than 1.5 fold when 
compared with TP53 wild-type HNSCC. More specifi-
cally, a truncating TP53 mutation is associated with a 
worse overall survival and progression-free survival[12]. 

These could be due to several factors. Firstly, disruptive 
mutations of  TP53 can lead to a complete shutdown 
of  intracellular restorative processes. TP53 mutants also 
disrupt tissue architecture[13], upregulate angiongenesis[14], 
as well as participate in migration, invasion and metas-
tasis[15,16]. All these factors contribute to a much more 
aggressive tumor biology. Secondly, TP53 mutants are 
extremely resistant to treatments. Several prospective trials 
have shown that patients with TP53 mutations respond 
poorly to cisplatin and fluorouracil[17,18]. Additionally, field 
defects with TP53 mutations are found to often present 
in surgical margins during tumor resection[19]. Retrospec-
tive studies have shown that both local recurrence and 
metachronous primary can arise from within the field can-
cerization[20,21]. Thus, because of  TP53 mutants within the 
field cancerization, an R0 surgical margin may not result 
in improved survival. Both primary and adjuvant radio-
therapy are found to be less effective in HNSCC patients 
with TP53 mutations and have a much higher rate of  lo-
coregional recurrence and failure rate, respectively[22,23]. 

Given the significant role of  TP53 mutations in HN-
SCC and associated clinical implications discussed above, 
considerable efforts have been devoted to explore treat-
ment strategies. This has proven to be challenging due to 
the wide spectrums of  mutation patterns in TP53. Mis-
sense mutations in the DNA binding domain of  the p53 
protein are the most common type of  TP53 mutations 
and account for 50%-70% of  mutations[2,3,24]. Other pat-
terns of  TP53 mutations have also been described, for 
example, 16% nonsense, 16% insertion or deletion and 
8% splice site mutation in one series[1]. Although most 
of  these mutations are loss-of-function mutations, gain-
of-function oncogenic activities associated with TP53 
mutations have also been documented. In fact, for al-
most an entire decade after it was first discovered, TP53 
was considered a proto-oncogene[25]. These gain-of-
function mechanisms remain poorly understood. Loyo 
et al[26] suggest that such gain-of-function activities arise 
from the interactions of  defect p53 with other regulatory 
proteins. Examples of  p53 gain-of-function activities are 
the interactions of  p53 with p63/p73[25], ability of  TP53 
mutants to escape growth arrest induced by v-Ki-ras2 
Kirsten rat sarcoma viral oncogene[27], and the ability to 
promote invasion and metastasis via integrin and EGFR 
upregulations[15]. 

Thus, given such complex and paradoxical activities 
of  p53 mutants, several therapeutic strategies have been 
proposed and tested in clinical trials. One strategy aims to 
restore wild-type p53 functions in tumor cell. This stems 
from an important proof-of-principle in several mouse 
models in which reactivating wild-type p53 functions re-
sults in tumor regression[28]. For example, adenovirus gene 
therapy can reactivate wild-type p53 functions. Clinical 
trials studying adenoviral based treatment such as Advexin 
(Introgen Therapeutics Inc., Austin, TX) and ONYX-015 
(Onyx Pharmaceuticals Inc., San Francisco, CA) have 
yielded some positive results in phase Ⅰ, Ⅱand several 
pending results in phase Ⅲ[29,30]. In a trial that assessed 
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response to the treatment of  ONYX-015 in combina-
tion with cisplatin and 5-fluorouracil, the complete and 
partial response rates were 27% and 36% respectively. 
Patients with ONYX-015 injection also have longer time 
to tumor progression[30]. This trial also yielded some 
other important findings: (1) patients with documented 
chemoresistance have objective tumor regression after 
injection with ONYX-015; and (2) side effects include 
flu-like symptoms, injection site pain and mucous mem-
brane disease. ONYX-015 has recently been approved 
for treatment of  HNSCC in China[31]. Furthermore, 
there are other innovative approaches to reactivate wild-
type p53. These approaches revolve around our progres-
sively expanding knowledge of  the biomechanism within 
the p53 pathway: by targeting the MDMX-p53 ubiqui-
tination pathway[28], by using proteasome inhibitor bort-
ezomib[32], or by using p53 reactivating molecules such as 
PRIMA-1[33,34]. Another avenue of  approach for therapy 
in HNSCC patients with TP53 mutations is to target 
p53 mutants directly. As discussed above, high levels of  
mutant p53 is critical in tumorigenesis. Thus, molecules 
that can destabilize or reduce mutant p53 turnover may 
be beneficial for HNSCC patients with TP53 mutations. 
Li et al[35,36] have shown that p53 mutants level can be 
reduced by inhibiting either Hsp90 or HDAC6. This ap-
proach maybe quickly translated into clinical use with the 
availability of  Vorinostat (Merck & Co., White House 
Station, New Jersey), an FDA-approved HDAC6 inhibi-
tor that is widely used for lymphoma and other solid 
tumors[35].

Rb/CDKN2A (p16)
The Retinoblastoma (Rb) protein, located on chromosome 
13, is a critical regulatory protein of  the G1 checkpoint. 
The Rb pathway is described schematically in Figure 1. 
In healthy cells, hypophosphorylated Rb protein forms a 
complex with the transcription factor E2F to promote G1 
arrest. Cells progress to S-phase after hyperphosphoryla-
tion of  Rb occurs. Thus, epithelial carcinogenesis in HN-
SCC is thought to arise from excessive hyperphosphoryla-
tion of  Rb proteins. This event can occur with mutations 
in several different loci. Rb mutations can happen due to 
loss of  heterozygosity (LOH) or microsatellite instability 
(MI)[37]. LOH has been implicated in many malignancies, 
including HNSCC[38,39]. The rate of  LOH in Rb gene is 
as high as 60% in laryngeal SCC in some series whereas 
MI is reported at 34% in a series of  stage 2 laryngeal SCC 
patients[39]. Although the inactivation of  Rb gene product 
(pRb) due to viral oncogenes in HPV-positive HNSCC 
is well established, the inactivation of  pRb as a result of  
LOH/MI in HPV-negative HNSCC is much more con-
tentious. Recent evidence suggests that a mutation at one 
Rb locus is not enough to stop Rb expression and that 
loss of  pRb expression only arises when there are muta-
tions of  both Rb alleles[37]. This study also suggests that 
despite the high frequency of  LOH or MI in this series, 
such presence does not offer additional information to 
tumor biology or patient prognosis[37]. Rather, a multi-step 

tumorigenesis in which Rb is an intermediary is a more 
likely process in vivo. 

Cyclin-dependent kinase inhibitor 2A (CDKN2A) at 
9p21 locus controls the phosphorylation of  Rb. In the 
presence of  CDKN2A, cyclin-dependent kinases CDK4 
and CDK6 are prevented from phosphorylating Rb. 
Without this regulation, Rb-E2F complexes become de-
stabilized due to hyperphosphorylation and progression 
to S phase proceeds unchecked[40]. The Cancer Genome 
Atlas (TCGA) reported a mutation rate of  21% in the 
CDKN2A locus in HNSCC[4]. LOH at the CDKN2A lo-
cus is common in premalignant oral lesions such as leu-
koplakia and can be found in as high as 80% of  HNSCC 
tumors[41-43]. CDKN2A encodes for two tumor suppres-
sors: p16 and p14. In HPV-negative hypopharyngeal and 
oropharyngeal SCC, p16 downregulation and concurrent 
cyclin D1 overexpression have been linked with poorer 
outcome[44,45]. Furthermore, an alternate reading frame 
p14 has been shown to be associated with a slightly 
higher risk of  developing a second primary malignancy 
after an index HNSCC[46]. Such recent evidence, together 
with the feasibility of  detecting p14 and p16, have led to 
increased interest in detecting p14 and p16 as surrogate 
markers and as prognostication tool in HNSCC[45,46]. 

Evidence of  tumor arrest after transfection of  p16 in 
negative p16 squamous carcinoma cell lines has offered 
some therapeutic directions[47,48]. The demethylating agent 
5-aza-2’-deoxycytidine has been shown to recover p16 
expression[49]. Moreover, 5-aza has also been shown to in-
crease the radiosensitivity of  HNSCC tumors[50].

TERMINAL DIFFERENTIATION
NOTCH1/p63
The discovery of  NOTCH1 as a commonly mutated gene 
in HNSCC owes much to the availability of  next-genera-
tion sequencing. NOTCH 1, a large gene of  34 exons, was 
first shown to be involved in tumorigenesis while studying 
T-cell leukemias[51]. Further evidence emerged and differ-
ent patterns of  NOTCH1 mutations have been found to 
be associated with lung cancer, various forms of  leukemia 
and HNSCC[2,52,53]. TCGA reports a mutation rate of  19% 
for NOTCH1 in HNSCC[4]. Function of  NOTCH1 is 
highly contextual in normal biology as well as in pathol-
ogy. In normal biology, activation of  NOTCH1 causes 
terminal differentiation in some tissues while performs 
stem cell maintenance in other tissues[54]. From studies 
of  T-cell lymphoblastic and chronic lymphocytic leu-
kemia, the NOTCH1 pathway is found to be upregu-
lated and thus becomes oncogenic. However, reduced 
NOTCH1 signaling has been found in HNSCC, suggest-
ing tumor suppressing activities of  NOTCH1 in these 
cell lines[2,3]. Several animal models have also been shown 
to support this paradoxical biological duality of  NOTCH1 
in tumorigenesis[55-57]. Unsurprisingly, NOTCH1 mutations 
in HNSCC are fundamentally distinctive from oncogenic 
mutations found in other types of  cancers. The majority 
of  NOTCH1 mutations in HNSCC were found in N-ter-
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minal of  the transmembrane region or in the N-terminal 
EGF-like ligand binding domain; in contrast, oncogenic 
mutations of  NOTCH1 clustered in the heterodimeriza-
tion domain and the PEST C-terminal domain[2,26]. More 
importantly, the inactivating mutations of  NOTCH1 in 
HNSCC are strongly implicated as the main driver of  
tumorigenesis, rather than being simply passenger muta-
tions[26].

The role of  TP63 in regulating NOTCH1 adds to the 
complexity of  NOTCH1 expression. TP63 is a p53-re-
lated transcription factor that is expressed in keratinocytes 
of  the basal layer and participate in epidermal differentia-
tion and proliferation[58]. In mature epithelium, p63 inhib-
its NOTCH1 expression[59]. Dysplastic mucosa in the head 
and neck as well as HNSCC tumors have been shown 
to harbor cells that overexpress TP63[59,60]. Additionally, 
besides contributing to tumorigenesis via NOTCH1 sup-
pression, evidence suggests that p63 also plays an intricate 
role in the interactions with other cell cycle regulators 
such as p73, p16, and EGFR in solid tumors[60-62]. 

Compared to other mutations in HNSCC, mutations 
in NOTCH1 came under investigation only recently. 
Furthermore, any treatment strategy has to negotiate the 
complexity of  NOTCH1 expression being both onco-
gene and tumor suppressor. In fact, a recent trial inves-
tigating γ-secretase inhibitors (GSI), an agent that can 
shut down constitutively active NOTCH1 pathway, has 
to be halted due to serious adverse events of  patients 
developing skin cancer[63]. On the other hand, combining 
a popular histone deacetylase inhibitors SAHA (suber-
oylanilide hydroxamic acid) with gene therapy of  p63, a 
potent regulator in the NOTCH1 pathway as discussed 

above, has shown promising anticancer effect in HN-
SCC[64]. Thus, whether or not NOTCH1 can be targeted 
as an actionable target in treating HNSCC needs better 
understanding of  its functional pathway. 

CELLULAR SURVIVAL
EGFR
In the wide spectrum of  mutations found in HNSCC cell 
line, EGFR has an interesting role. EGFR expression is 
found to be upregulated in 90% of  HNSCC and is as-
sociated with a poorer disease presentation: higher stage, 
increased relapse rate and lower overall survival[65-67]. More 
importantly, the significance of  EGFR biological func-
tion in HNSCC is further underlined by the success of  
cetuximab, the first ever targeted therapy developed for 
HNSCC[68]. Cetuximab is effective in locally advanced dis-
ease when combined with radiotherapy and in recurrent 
or highly staged disease when combined with cisplatin and 
5-fluorouracil[68,69]. Despite the high incidence of  EGFR 
overexpression in HNSCC, it is very rarely mutated[24,26]. 
In fact, Loeffer-Ragg et al[70] report only one incidence of  
somatic mutation of  the EGFR domain in a series of  100 
Caucasian patients. Thus, unlike other types of  cancer 
such as lung cancer, EGFR mutations are not sensitizing 
mutations for EGFR inhibition.

One current research focus in EGFR targeting thera-
py is to study its mechanism of  resistance to cetuximab. 
Patients who initially showed responses to cetuximab 
eventually become refractory to treatment[71,72]. Early evi-
dence suggested that cross-activations of  other receptor 
tyrosine kinase (RTK) pathways such as c-MET, IGFR1 
and the Her family members confer to resistance[71,73,74]. 
This suggests that EGFR inhibition by itself  is inad-
equate. An irreversible, combined EGFR and HER-2 
inhibitor, afatinib, has been shown to reverse tumor 
development in a xenograft SCC model[71]. Thus, besides 
tyrosine kinase inhibitors (TKIs) that inhibit both EGFR 
and HER2 such as the aforementioned afatinib, dacomi-
tinib, and lapatinib that are currently used in Her2 posi-
tive breast cancers, other Her family receptors inhibitors 
such as Herceptin may be useful when used together 
with cetuximab[75]. Dacomitinib, lapatinib and afatinib 
are currently in phase 1, 2, and 3 trial respectively[76-78]. 
c-MET is also an attractive target to reduce resistance to 
EGFR therapy with the recent approval of  crizotinib for 
use in the treatment of  lung cancer[79]. Another possible 
mechanism of  resistance to cetuximab is via the expres-
sion of  EGFR variant Ⅲ (EGFRvⅢ) as cetuximab 
binds with much less affinity to EGFRvⅢ. This variant 
presents in approximately 42% of  HNSCC and arises 
due to exon 2-7 iframe deletion that makes it resistant 
to ubiquination[80]. Investigators have been hopeful that 
EGFRvⅢ activation can be blocked by either TKIs or by 
a newer generation of  EGFR mAbs. So far, clinical tri-
als results investigating TKIs such as erlotinib have been 
perplexing. A retrospective review of  four clinical trials 
failed to identify any benefits from using erlotinib in 
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tive head and neck squamous cell carcinoma (B) Loss of p16 tumor suppressor 
activity contributes to tumorigenesis. 

Nguyen TK et al . Genetic mutations in HNSCC



HNSCC treatment. Interestingly, it led to a paradoxical 
discovery that EGFRvⅢ was a surprised biomarker of  
improved disease control with a caveat that the sample 
size was small[81]. Successful phase Ⅰ trials for ABT-806, 
a next generation of  EGFR mAbs, have paved way for 
some recent phase Ⅱ trials with pending results[82-84]. 

Understanding the mechanisms of  EGFR resistance 
in both treatment-naïve and treatment-experienced set-
tings holds the key to unlock many translational oppor-
tunities. A phenomenon observed to be highly correlated 
with cetuximab resistance and worse disease progression 
is the epithelial-to-mesenchymal transition (EMT)[85]. 
Interestingly, early evidence suggests that reversing EMT 
will re-sensitize resistant HNSCC cells to cetuximab and 
TKIs such as gefitinib[86,87]. Moreover, agents that spe-
cifically kill EMT transformed cells such as salinomycin, 
may be synergistic with cetuximab[88]. Thus, the EGFR 
pathway remains to be a very promising domain to in-
vestigate for the next generation targeted treatment for 
HNSCC.

Ras/PIK3CA
Conflicting early evidence reported a rate of  mutations 
of  HRAS gene in 35% of  oral cancers from in India but 
none in the United States[89,90]. Recently, with the avail-
ability of  deep sequencing technique, HRAS mutations 
have been shown to be among the most common muta-
tions in HNSCC in the United States with the incidence 
of  3% to 5%[2-4]. HRAS is the only one of  the three Ras 
genes found to be implicated in HNSCC[91]. These three 
isoforms of  Ras proteins exhibit tissue-specific functions 
due to differences in the C-termini that determine their 
lineage-specific roles[92]. Because attempts to directly 
inhibit the Ras signaling in clinical trials have been disap-
pointing, this review will focus on newer research direc-
tion in investigating a major downstream effectors of  
Ras: the Phosphoinositide-3 kinase (PI3K) pathways[93,94]. 
As shown in Figure 2, the PI3K pathway is downstream 
of  Ras and is important for cell growth and survival[95]. 

The PI3K pathway can become over activated by 
PIK3CA mutations or as shown in Figure 2, by a loss 
of  inhibition from phosphatase and tensin homolog 
(PTEN), a negative regulator. Two “hot spot” domains 
in the PIK3CA gene contain activating mutations in 
6%-11% of  HNSCC[96,97]. On the other hand, LOH of  
PTEN is as frequent as 40% of  HNSCC[98]. Evidence 
suggests that LOH alone is adequate to drive tumorigen-
esis[99]. LOH mechanisms can arise from either epigen-
etic or silencing somatic mutations[100]. Regardless of  the 
how, when the PI3K pathway becomes over activated, 
many broad downstream effects occur: angiogenesis, in-
creased metabolism, enhanced proliferation and apopto-
sis inhibition. Akt and its downstream agent mTOR have 
been implicated in these downstream effects[101-103].

Targeting the PI3K/AKT/mTOR axis has been shown 
to show some positive responses of  tumors to treat-
ments[104]. This pathway can be targeted at multiple different 
targets for therapy. Currently, a pilot trial investigating the 

neoadjuvant use of  Rapamycin, a known mTOR inhibitor, 
to treat advanced HNSCC patients is being conducted[105]. 
Other mTOR inhibitors such as everolimus or temsirolimus 
are also available for testing. On the other hand, MK2206, 
an Akt inhibitor, is also being tested in recurrent or meta-
static HNSCC patients[106]. Existing PI3K inhibitors such as 
PX-866 or BKM120 are also being tested alone, or in com-
bination with paclitaxel, docetaxel or cetuximab in recurrent 
and metastatic HNSCC[107-111]. The basis for trials that inves-
tigate PI3K inhibitors together with cetuximab stems from 
an observation that PI3K amplification may have causes 
resistance to EGFR inhibition[101]. 

EPIGENETICS
Deep exome sequencing studies of  HNSCC cell lines 
have found, at considerable frequencies, mutations in 
several genes that act at an epigenetic level. These genes 
are MLL2, NSD1 and SYNE1[2,3]. According to TCGA, 
the rates of  mutation for MLL2 and NSD1 in HNSCC 
are 18% and 11% respectively[4]. Both MLL2 and NSD1 
code for histone methyltransferases. Studies that spe-
cifically investigate MLL2 and NSD1 in HNSCC are 
currently lacking. However, MLL2 have been reported 
to be a major tumor suppressor gene in non-Hodgkin 
lymphoma and inactivating somatic mutation of  MLL2 
is indicated as a driver mutation for this malignancy[112]. 
Other histone modifications enzymes have also been 
found to be associated with solid human cancers such as 
renal cell carcinoma (RCC), breast, gastric and colorectal 
carcinomas[113-115]. Histones acetyltransferases p300/CBP 
mutations are found in solid and hematological tumors, 
also suggesting their involvements in critical tumori-
genic pathways[116]. A study by Yang et al[117] from China 
reported histone modification as a major step in the 
pathogenesis of  laryngeal carcinoma. Histone modifica-
tion enzymes in HNSCC remain to be a new frontier for 
research.

Besides histone modifications, DNA methylation is 
another form of  epigenetic regulation. DNA methyla-
tion blocks transcription factors from binding to initiate 
transcription complex formation. Furthermore, meth-
ylated DNA sequences also have a higher affinity for 
histone modification enzymes and recruitments of  these 
enzymes induce genes silencing[118,119]. Body of  evidence 
that links abnormal DNA methylation to HNSCC is well 
established. Many genes that are involved in cell cycle, 
cell-cell adhesion, migration, angiogenesis and metastasis 
in HNSCC cell lines have been found to be associated 
with DNA methylation. Examples of  these genes are 
p15, p16, cyclin A1, RAR-B2, CDKN2A, E-cadherin, 
DAPK and others[120-124]. Interestingly, DNA hypermeth-
ylation is only one side of  the story: DNA hypometh-
ylation has also been implicated in laryngeal carcinoma 
from investigating S100A4. The gene S100A4 has been 
reported as an important mediator of  EMT and metas-
tasis[125-127]. Recent evidence has suggested that S100A4 is 
also important in the maintenance and development of  
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head and neck cancer-initiating cells (CIC). In this CICs 
population, S100A4 promoter is hypomethylated[127]. 
Other supporting evidence for hypomethylation of  
S100A4 exists as well: demethylating agents induce both 
S100A4 RNAs and proteins expressions[128]. A possible 
explanation for this methylation paradox is that when 
DNA methylation becomes aberrant and an imbalance 
occurs, global hypomethylation could lead to activation 
of  oncogenes whereas focal hypermethylation can si-
lence tumor suppressor gene. 

In the genetic landscape of  HNSCC, activating of  
oncogenes is an exception rather than the norm. In 
principle, the majority of  HNSCC harbored inactivating 
mutations in tumor suppressor genes. Results of  HN-
SCC treated with agents that modulate epigenetic regula-
tions such as histone deacetylase (HDAC) inhibitors and 
demethylation agents are encouraging and lend support 
to this observation. Demethylation treatments have been 
shown to restore tumor suppressor gene functions, ar-
rest tumor growths, and increase readiosensitivity of  
HNSCC cells[49,50,129]. Additionally, HDAC inhibitors have 
also yielded some promising results. Valproic acid (VPA), 
a relatively weak HDAC inhibitors, have been shown 
to inhibit both acute and chronic growth of  HNSCC 
cells[130]. VPA has also been shown to improve tumor ar-
rest when used together with a recombinant adenovirus 
in an HNSCC xenograft mouse model[131]. A phase 2 
trial currently evaluates the addition of  VPA to standard 
platinum-based chemoradiation[132]. Another HDAC 
inhibitor, Vorinostat, is currently in phase 1 for stage Ⅲ 
and Ⅳ SCC of  the oropharynx and in phase 2 for com-
bination with capecitabine in recurrent and metastatic 
HNSCC[133,134].

HPV
Both from a genetic and a clinical perspective, HPV-

positive HNSCC is a distinct entity from HPV-negative 
HNSCC. Most importantly, the overall prognosis of  
HPV-positive HNSCC is much more favorable than 
HPV-negative HNSCC[135,136]. This presents an opportu-
nity to carry out de escalated therapies to minimize treat-
ment related toxicities with ongoing trials investigating 
this strategy[137]. The pathogenesis of  HPV is due to viral 
oncoproteins E6 and E7 inactivating tumor suppressors 
p53 and Rb. E6 targets p53 and E7 targets Rb, as shown 
in Figure 1 and cause ubiquitin-dependent protein deg-
radation[138]. Understanding the mechanism of  E6 and 
E7 has led to some important applications. Because E7 
degrades Rb, it also leads to an upregulation of  p16, an 
upstream regulator of  Rb. Thus, p16 has been used as 
a biomarker to diagnose HPV-positive HNSCC[138,139]. 
Moreover, E6 and E7 are appealing molecular targets for 
therapy. In HPV-positive HNSCC cells lines, short hair-
pin RNAs that target and suppress E6 and E7 have been 
shown to restore the level of  p53 and Rb[140]. Researches 
investigating how E6 and E7 can be inhibited in vitro are 
at early stages. Two strategies currently exist: disruption 
of  E6/E7 binding with its ubiquitin ligase enzyme or 
blocking the activation of  downstream ubiquitin/protea-
some systems (UPS)[141,142]. So far, two trials have shown 
that Bortezomib, an UPS inhibitor, has a very poor 
response rate in locally recurrent or advanced HNSCC. 
However, it must be pointed out that the rate of  HPV-
positive was low in one trial (1 out of  20 tumors) and 
was not reported in the other trial[143,144]. Thus, further 
studies and trials are indeed necessary in this area. Im-
munotherapy for HPV-positive patients with HNSCC 
is another area of  active research. Proof  of  principle 
studies, mainly in mouse models, have demonstrated that 
engaging CD8+ T cell response to target E6/E7-specific 
antigens have led to tumor eradication[145,146]. In HPV-
16-positive oropharyngeal cancers, improved adaptive 
immunity as measured by CD8 cell counts is associated 
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with a better prognosis[147]. Besides immunotherapy, 
vaccination is also gaining traction when HPV vaccines 
are now being recommended by the Center for Disease 
Control and Prevention for the prevention of  anogenital 
and oropharyngeal cancers in male. Thus, the role of  
immunotherapy is becoming more and more relevant in 
HPV-positive HNSCC. 

CONCLUSION
Next-gen sequencing has allowed us to accumulate an 
unprecedented amount of  knowledge about mutations 
found in HNSCC. In summary, we can make the follow-
ing observations. Firstly, inactivation of  tumor suppres-
sor genes is much more common in HNSCC cells than 
activation of  oncogenes. Secondly, it is unlikely that a 
single target therapeutic approach will work and patients 
will benefit more from agents that can target more than 
one receptor or from combination therapy. Thirdly, mu-
tations in HNSCC are heterogenous with complex inter-
play between many different molecular pathways at both 
the genetic and epigenetic levels. In our humble opinion, 
this heterogeneity should be seen as opportunity rather 
than obstacle. It seems inevitable that as our knowledge 
continues to expand and becomes more refined, we will 
be able to classify HNSCC into subtypes based on the 
pattern of  mutations. By classifying into subtypes, we 
will be able to improve our ability to diagnosis, stage, 
and prognosticate. More importantly, we will be able to 
give therapy with greater potency and less toxicity. Cer-
tainly, this is already happening to an extent with HPV-
positive and HPV-negative HNSCC. As we identify more 
biomarkers and invent new therapies to target these 
biomarkers, the trend in management of  HNSCC con-
tinues its shift towards a more personalized therapeutic 
approach. 
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