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Leveraging Genomics for Head
and Neck Cancer Treatment

J.D. Kemmer', D.E. Johnson', and J.R. Grandis'

Abstract

The genomic landscape of head and neck squamous cell carcinoma (HNSCC) has been recently elucidated. Key epigenetic and genetic
characteristics of this cancer have been reported and substantiated in multiple data sets, including those distinctive to the growing subset
of human papilloma virus (HPV)-associated tumors. This increased understanding of the molecular underpinnings of HNSCC has not
resulted in new approaches to treatment. Three Food and Drug Administration—approved molecular targeting agents are currently
available to treat recurrent/metastatic disease, but these have exhibited efficacy only in subsets of HNSCC patients, and thus surgery,
chemotherapy, and/or radiation remain as standard approaches. The lack of predictive biomarkers to any therapy represents an obstacle
to achieving the promise of precision medicine. This review aims to familiarize the reader with current insights into the HNSCC genomic
landscape, discuss the currently approved and promising molecular targeting agents under exploration in laboratories and clinics, and
consider precision medicine approaches to HNSCC.

Keywords: squamous cell carcinoma of head and neck, head and neck neoplasms, precision medicine, biomarkers, human papillomavirus,

molecular targeted therapy

Introduction

Head and neck squamous cell carcinoma (HNSCC) accounts
for 90% of head and neck cancers and is the sixth most common
type of cancer globally (Torre et al. 2015). It is associated with
significant morbidity and mortality, and the 5-y survival rates
for HNSCC have remained between 40% and 60% for the past
4 decades (Siegel et al. 2017). Risk factors for HNSCC include
tobacco and alcohol use, which can have synergistic effects, as
well as infection with human papilloma virus (HPV; Kreimer
et al. 2005; Hashibe et al. 2009). In addition, there is some evi-
dence of an association between Epstein-Barr viral infection
and oral SCC (She et al. 2017). While the incidence of tobacco-
associated HNSCC has been on the decline in recent years
because of decreasing tobacco use, the incidence of HPV-
associated HNSCC is on the rise (Chaturvedi et al. 2011).
Despite improvements in surgical techniques and radiation
delivery, treatment options remain surgery and/or chemoradia-
tion therapy based on anatomic location and TNM staging.
This model of care fails to recognize the vast molecular hetero-
geneity that is associated with these malignancies and the
effect that these biological differences can have on response to
treatment. Currently, cetuximab, a monoclonal antibody
against epidermal growth factor receptor (EGFR), is the only
molecular targeting therapeutic approved by the Food and
Drug Administration (FDA) for use in newly diagnosed dis-
ease in conjunction with chemotherapy or radiation treatment,
yet the efficacy of this drug is limited (Bonner et al. 2010).
More recently, the development of molecular targeting agents
against checkpoint proteins expressed on immune cells has
rapidly gained traction. Pembrolizumab and nivolumab are

monoclonal antibodies that target the programmed death pro-
tein 1 (PD-1) checkpoint protein. Both received FDA approval
in 2016 for use in recurrent or metastatic HNSCC, and many
other immune checkpoint inhibitors are being tested in ongo-
ing clinical trials (Ferris et al. 2016; Seiwert et al. 2016). An
advancement in our molecular understanding of this disease is
required for the employment of effective precision medicine
tools. Aiding in this goal is The Cancer Genome Atlas (TCGA),
a publically available database developed by the National
Institutes of Health and the National Human Genome Research
Institute in 2005 with the purpose of cataloging the genomic
landscape of many cancer types. As of the most recent update,
528 HNSCC patient tumors have been sequenced by TCGA
(Cerami et al. 2012; Gao et al. 2013). These data can be used to
propel preclinical studies, further illuminating the roles of
high-frequency gene mutations or copy number alterations in
tumorigenesis and tumor progression.

This review aims to provide an overview of the genomic
landscape of HNSCC, to discuss how this information has been
applied to medical practice thus far, and to postulate what the
future may hold for integrating genomics and therapy in
HNSCC.
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A. Tumor suppressor gene hypermethylation
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B. Tumor suppressor gene hypoacetylation

Figure I. Epigenetic alterations of tumor-suppressor genes in head and neck squamous cell
carcinoma (HNSCC) and pipeline therapeutics. (A) Hypermethylation of promotor regions in
tumor-suppressor genes, a common event in HNSCC, is associated with gene silencing, leading
to events such as cell cycle proliferation, inhibition of apoptosis, and prevention of DNA repair

inhibitors decreases the number of can-
cer stem cells (Giudice et al. 2013).
Although HDAC inhibitors have been
largely inactive in clinical trials of solid
tumors to date, combination approaches
are being studied (Fig. 1; Lindsay et al.
2017).

Mutational Landscape

Determination of the genomic landscape
of HNSCC led to the identification of
several key genes that are frequently
mutated in this disease. Common
genomic changes in HNSCC include
oncogenic mutations in PIK3CA and
HRAS, as well as mutations in the tumor-
suppressor genes 7P53, CDKN24,
PTEN, and NOTCH1.

mechanisms. DNA methyltransferases (DNMTs) are responsible for de novo methylation patterns
causing hypermethylation. The DNMT inhibitor 5-azacytidine (Vidaza) is currently being assessed in
a pilot study looking at the effect of this drug on patient-derived xenografts (PDXs) of human
papilloma virus (HPV)—negative and HPV-positive HNSCC (NCT02178072), and this drug

recently showed efficacy in the setting of HPV-positive HNSCC PDXs (Biktasova et al. 2017).

(B) Hypoacetylation of tumor-suppressor genes is another frequently seen epigenetic alteration of
HNSCC. Histone deacetylase inhibitors (HDACis) are a rapidly growing class of anticancer drugs
that have been shown to reestablish histone acetylation balance and thus restore expression of
hypoacetylated genes (Le et al. 2014). Currently, clinical trials are underway to assess the efficacy of
3 different HDAC:s: suberoylanilide hydroxamic acid (vorinostat; NCT01064921, NCT02538510),
valproic acid (valproate; NCT02608736), and MGCD-0103 (mocetinostat; NCT02993991).

Epigenetics of HNSCC

Epigenetic changes affecting gene expression include DNA
methylation, histone acetylation, and expression of small non-
coding RNAs. They are both heritable and reversible and have
been implicated in many disease states, including cancer. In
HNSCC, global hypomethylation has been associated with
poorer prognosis (Baylin 1997). In addition, many tumor-sup-
pressor genes, including CDKN2A4, CDHI, MGMT, and
RASSF1A4, exhibit promoter hypermethylation, implicating epi-
genetic changes in head and neck tumor development
(Koutsimpelas et al. 2012; Asokan et al. 2014). DNA methyl-
transferase (DNMT) inhibitors, such as 5-azacytidine (5-aza), act
to reduce methylation of genomic DNA, resulting in induction of
repressed tumor suppressors. Treatment with DNMT inhibitors
has been shown to decrease the growth of xenograft tumors in
mice and has been pursued as a means to improve response to
radiation therapy (Chen et al. 2015; Biktasova et al. 2017).
Additional studies have discovered associations between
treatment efficacy and specific epigenetic modifications.
Nuclear factor kappa beta (NF-kB) has been shown to induce
resistance to cisplatin chemotherapy by inhibiting histone acet-
ylation, such that tumor chromatin remains condensed, pre-
venting downstream signaling via BRCA1 (Almeida et al.
2014). Similarly, several studies have described a hypoacety-
lated DNA profile in HNSCC (Le et al. 2014). In HNSCC pre-
clinical models, treatment with histone deacetylase (HDAC)

The PIK3CA gene encodes the p110a
catalytic subunit of PI3 kinase (PI3K),
an intracellular signaling protein that
plays important roles in regulating cel-
lular proliferation, motility, and sur-
vival. Both amplification and mutation
of the PIK3CA gene have been identi-
fied in HNSCC (Pedrero et al. 2005; Qiu
et al. 2006). The PI3K signaling path-
way is negatively regulated by phospha-
tase and tensin homolog (PTEN;
Vazquez and Sellers 2000). Loss of PTEN expression or loss of
PTEN function due to mutation is common in HNSCC and is a
potential marker of high recurrence risk (Mriouah et al. 2014).
HRAS is a proto-oncogene with multiple effector pathways,
including the RAS-MEK-ERK pathway, which has been impli-
cated in tumorigenesis (Castellano and Downward 2011).

Loss-of-function 7P53 mutations are the most frequent
gene mutations detected in HNSCC, with an 84% prevalence
in HPV-negative tumors analyzed by TCGA (The Cancer
Genome Atlas Network 2015). TP53 genetic alterations in
HNSCC lead to either loss of expression or expression of a
nonfunctional or dominant-negative p53. Thus, TP53 genetic
alterations abrogate the normal role of p53 in the sensing/
repair of DNA damage or the induction of DNA damage-
induced apoptosis. Many studies have suggested an early role
for 7P53 mutations in the multistep carcinogenesis process
leading to HNSCC (el-Naggar et al. 1995). Like TP53, genetic
loss of the tumor-suppressor gene CDKN2A, which encodes
the cyclin-dependent kinase inhibitor p16/INK4A, is associ-
ated with HNSCC (Rothenberg and Ellisen 2012). This loss
can occur via inactivating mutation, copy number loss, gene
deletion, or hypermethylation of the promotor region.
Sequencing by TCGA found that 58% of HPV-negative tumors
harbor a CDKN2A inactivating mutation, which is likely an
underestimation of the loss of functional p16 expression when
one accounts for epigenetic silencing (Vikram Bhatia et al.
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2014; Puram and Rocco 2015).
NOTCH!I1 has been proposed as a tumor-
suppressor gene in HNSCC, with muta-
tions in this gene seen in 15% of tumors
(Agrawal et al. 2011). The NOTCHI
protein is a transmembrane receptor that
has important roles in embryonic devel-
opment and cell differentiation.
Although there is significant recent evi-
dence supporting its role as a tumor sup-
pressor in HNSCC, in other types of
cancer NOTCH1 promotes initiation
and progression of tumor growth and
induction of angiogenesis (Agrawal et
al. 2011; Stransky et al. 2011; Yap et al.
2015). The NOTCHI pathway has been
further implicated in HNSCC by Sun et
al. (2014), who supported a bimodal pat-
tern of alteration, including inactivating
NOTCH1 receptor mutations and
increased NOTCHI1 expression due to
amplification of the NOTCH1 gene.
Sequencing by TCGA has also
revealed frequent mutations in a number
of understudied genes, including muta-
tions in FATI1, AJUBA, CASPS, NSDI,
KMT2D, HLA-A, and TGFBR2 (The
Cancer Genome Atlas Network 2015).

Cetuximab

Pembrolizumab,
Nivolumab,
Ipilimumab, \" A

Avelumab
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Figure 2. Commonly mutated pathways in head and neck squamous cell carcinoma (HNSCC) and
associated treatment targets. This pictorial representation of affected pathways shows downstream
signaling of epidermal growth factor receptor (EGFR) activation, which can activate the RAS/RAF/
MEK/ERK pathways and PI3K/AKT/mTOR pathways, both of which support tumor cell proliferation
and survival. Representative molecular targeting agents, including the Food and Drug Administration
(FDA)—approved cetuximab and several other experimental agents, can target several steps within
these pathways, most often the EGFR receptor, PI3K, or mTOR proteins. The most frequently
mutated gene in human papilloma virus (HPV)—-negative HNSCC is TP53, which codes for the
tumor-suppressor protein p53. In HPV-positive HNSCC, p53 activity is also downregulated via

the production of proteins E6 and E7 by the integrated HPV viral genome. Finally, the role of

PD-LI expressing tumor cells is represented here, in which interaction with the PD-1 receptor

on CD8+ T lymphocytes allows for evasion of normal immune response. The FDA-approved
immunotherapies pembrolizumab and nivolizumab act at the PD-LI| receptor to prevent interaction
with PD-1, thus inhibiting tumor cell immune tolerance.

FATI, or FAT atypical cadherin 1, has

been implicated as a tumor-suppressor

gene that normally acts to prevent nuclear localization of beta-
catenin. Thus, mutation of this gene could result in promotion
of WNT signaling (Morris et al. 2013). FAT! loss-of-function
mutations have been linked to better overall survival in patients
with HPV-negative HNSCC (Kim et al. 2016). Like FATI,
AJUBA has been shown to negatively regulate the WNT sig-
naling pathway (Haraguchi et al. 2008). Caspase-8 (CASPS)
mutations in HNSCC have been shown to inhibit death-recep-
tor—mediated cell death and promote the activation of NF-kB
(Ando et al. 2013; Li et al. 2014). In addition, CASP8 muta-
tions have been shown to promote tumor growth, invasion, and
migration. The TCGA data set revealed that tumors harboring
CASPS8 mutations exhibited fewer CNAs and often had concur-
rent HRAS mutations (Pickering et al. 2013). NSD1, or nuclear
receptor binding SET domain protein 1, is a histone methyl-
transferase gene (Histone 3 Lysine 6) found by TCGA to har-
bor loss-of-function or truncating mutations in HNSCC. Loss
of NSD1 can prevent cellular differentiation and promote
oncogenesis; mutation of this gene has been validated in addi-
tional HNSCC datasets (Papillon-Cavanagh et al. 2017).
Similarly, histone-lysine N-methyltransferase 2D (KMT2D,
also known as MLL2) is another histone methyltransferase,
further highlighting the significance of epigenetic changes in
HNSCC. KMT2D promotes gene expression by maintaining
an open-chromatin state, and its mutation has been linked to
developmental disease and several cancers (Froimchuk et al.

2017). Mutations found in HLA-A and transforming growth
factor beta receptor 2 (TGFBR2) may play crucial roles in
enhancing immune evasion (Feenstra et al. 1999; Massagué
2008). Integrating data from TCGA along with smaller-scale
HNSCC genomic studies conducted prior and post TCGA
allows for a clearer picture of the complex nature of this het-
erogeneous cancer (Fig. 2).

Differential Genomics:
HPV+ versus HPV-

HPV-associated (HPV+) HNSCC accounts for an increasing
number of HNSCC cases, namely, oropharyngeal HNSCCs, of
which 64% in TCGA were HPV+ (The Cancer Genome Atlas
Network 2015; Carlander et al. 2017). The rapid rise in HPV-
associated HNSCC is crucial because HPV+ and HPV-negative
(HPV-) HNSCC vary in their mutational landscapes, progno-
sis, and effective molecular targeted treatment options. HPV-
driven carcinogenesis is largely due to 2 oncoproteins encoded
by the viral genome, E6 and E7, which confer genomic insta-
bility by abrogating the expression of p53 and retinoblastoma
(Rb), respectively (Dyson et al. 1989; Scheftner et al. 1990).
Overall, HPV+ head and neck cancers harbor a mutational bur-
den that is similar if not lower than their HPV— counterparts
(Stransky et al. 2011; Seiwert et al. 2015). It is well docu-
mented that HPV+ cancers exhibit improved overall survival,
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reduced recurrence, and better response to chemoradiation
than HPV— HNSCC (Fakhry et al. 2008; Ang et al. 2010).

TP53 mutation is rarely seen in HPV+ HNSCC, likely
because of the role that the E6 protein plays in promoting pro-
teasomal degradation of wild-type p53 (Feldman et al. 2016).
This suggests that unlike non—HPV-associated cancers, which
rely on mutational loss of function of the TP53 gene to pro-
mote tumorigenesis, HPV+ cancers rely on viral proteins to
cause functional loss of p53. In addition, several studies sug-
gest that there is a higher prevalence of PIK3CA activating
mutations in HPV+ HNSCC (Chiosea et al. 2013; The Cancer
Genome Atlas Network 2015).

Two genetic alterations that may be unique to HPV+
HNSCC have been identified in TCGA and supported in subse-
quent studies. Deletion or truncation of tumor necrosis factor
receptor—associated factor 3 (TRAF3) occurs in 22% and
E2F[ amplification in 19% of HPV+ tumors in the TCGA data
set (The Cancer Genome Atlas Network 2015). TRAF3 and
cylindromatosis lysine 63 deubiquitinase (CYLD) genes also
exhibit significant rates of mutation in HPV+ HNSCC, and
interestingly, loss-of-function mutations in these genes result
in constitutive activation of the NF-kB pathway (Hajek et al.
2017).

Mutational Landscape of Recurrent
and Metastatic Tumors

Recent investigations have revealed that recurrent and meta-
static HNSCC generally harbor shared driver mutations with
their primary tumor counterparts, while also accumulating
additional novel mutations. Notably, Morris et al. (2017) found
significantly higher rates of TERT promoter mutations in
recurrent or metastatic HPV— HNSCC as compared with pri-
mary HPV— tumors, resulting in increased telomerase expres-
sion. This finding is consistent with the high prevalence of
TERT promoter mutations in advanced solid tumors of varying
types, suggesting a role for these mutations in progression and
aggressiveness of disease (Zehir et al. 2017). In this same
study, nearly half of recurrent HPV+ tumors were found to
exhibit a mutational profile more similar to primary HPV—
tumors than primary HPV+ tumors. Predictably, these “HPV
negative-like” recurrent HPV+ tumors trended toward poorer
survival. Overall, recurrent HPV+ tumors were enriched for
TP53 mutations and whole-genome duplication and lacking in
PIK3CA mutations compared with their primary counterparts
(Morris et al. 2017).

FDA-Approved Molecular
Targeting Agents

The EGFR is a transmembrane tyrosine kinase that binds epi-
dermal growth factor and activates pathways leading to
increased cell division and proliferation. Overexpression of
EGFR due to gene amplification and its role as a prognostic
factor have been well described in HNSCC (Keren et al. 2014).
Cetuximab is a chimeric monoclonal antibody directed against

EGFR and is FDA-approved as a first-line treatment in combi-
nation with platinum-based chemotherapy for recurrent or
metastatic HNSCC (Vermorken et al. 2008). Since approval,
clinical response to cetuximab has been underwhelming, with
efficacy in only a small subset of patients. Unfortunately, this
lack of response is complicated by a lack of predictive bio-
markers of response, as well as evidence indicating that EGFR
gene copy number is not associated with response to cetux-
imab treatment (Licitra et al. 2011). Cetuximab efficacy is
blunted by a high rate of intrinsic or acquired drug resistance.
Currently, convincing clinical data supporting predictive bio-
markers of response to cetuximab treatment are limited to sec-
ondary analysis of a phase III clinical trial by Weidhass and
colleagues (2017), showing that a functional germline muta-
tion in the 3’ untranslated region of KRAS may predict a posi-
tive response to cetuximab treatment. Identification of
predictive biomarkers of response to cetuximab treatment will
prove crucial to the future application of this molecular target-
ing agent, as will development of new agents or combination
therapies to prevent or overcome resistance (Table 1).

Congruent with the cancer immunotherapy movement,
pembrolizumab and nivolizumab, monoclonal antibodies
against PD-1, received FDA approval in 2016 for treatment of
recurrent or metastatic HNSCC that does not respond to plati-
num chemotherapy (Ferris et al. 2016; Seiwert et al. 2016).
There is significant evidence describing the role of immune
surveillance in prevention of head and neck cancers. However,
when neoplastic cells arise, tumors develop mechanisms of
immune evasion such as secretion of immunosuppressive cyto-
kines, including factors that upregulate PD-L1 expression
(Zolkind and Uppaluri 2017). HNSCC tumors tend to exhibit a
high level of immune infiltration compared with other cancer
types, and in fact, the most highly immune-infiltrated head and
neck tumors exhibit better patient outcomes (Mandal et al.
2016). Although initial clinical trials testing pembrolizumab
and nivolumab were promising enough to warrant FDA
approval, response rates to these immune checkpoint inhibitors
remain low (10% to 20%), and thus, it is crucial that biomark-
ers are developed to recognize patients who are most likely to
benefit from these treatments (Table 1).

Development of Novel Targeting
Agents Based on the HNSCC Genomic
Landscape

Several large studies reported the HNSCC genomic landscape.
However, leveraging this information to guide therapy requires
additional investigation. Head and neck oncology has lagged
to date compared with other cancers in the field of precision
medicine. The OncoKB database represents a tool to facilitate
interpretation of genomic alterations and support evidence-
based decision making in the use of molecular targeting agents
(Chakravarty et al. 2017). OncoKB allows physicians to search
a database of cancer genes and find applicable drugs for which
those cancer type-specific gene variants have been shown to
act as a biomarker. Each biomarker is assigned a corresponding
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Table I. Food and Drug Administration (FDA)-Approved Targeted Therapies.

Year of FDA

Therapy Approval Indication

Predictive Biomarker Status

in Clinical Studies Supporting Research

Cetuximab 2006

(Erbitux)

Cetuximab + radiotherapy in
locally advanced HNSCC;
cetuximab + platinum-based
chemotherapy in recurrent or
metastatic HNSCC

Pembrolizumab 2016 Recurrent or metastatic HNSCC

(Keytruda)

2016 Recurrent or metastatic HNSCC
refractory to platinum-based

chemotherapy

Nivolumab
(Opdivo)

KRAS variant HNSCC may predict better

EGFR-K521 polymorphism may predict

Lower pAKT expression resulted in improved

Lower PTEN expression resulted in worse

A combination of PD-L|—positive tumors

PD-L1—positive tumors may be more likely

Expression of 6 interferon-y—related genes in

PD-LI and p16 expression levels not

Weidhaas et al. 2017
response in patients treated with

cetuximab + cisplatin

Braig et al. 2017
cetuximab resistance in patients

Lyu et al. 2016
survival in patients treated with cetuximab

and chemotherapy

da Costa et al. 2015
survival in patients treated with cetuximab

and chemotherapy

Chow et al. 2016
cell and PD-LI—positive inflammatory

cells in recurrent/metastatic HNSCC may

have better response to pembrolizumab

treatment (but this is not predicted by PD-

LI-positive tumors alone)

Seiwart et al. 2016
to respond to pembrolizumab treatment in

recurrent/metastatic HNSCC

Seiwart et al. 2016
recurrent/metastatic HNSCC may predict

response to pembrolizumab treatment

Ferris et al. 2016
significantly associated with overall survival

in patients treated with nivolumab

Abbreviations: EGFR, epidermal growth factor receptor; FDA, Food and Drug Administration; HNSCC, head and neck squamous cell carcinoma;

PTEN, phosphatase and tensin homolog.

level of evidence on a 1 to 4 scale, based on FDA recognition
and clinical evidence. According to this database, the only
identified biomarker applicable to HNSCC is the KRAS vari-
ant, classified at evidence level 4, yet KRAS mutation is rare in
HNSCC (Chakravarty et al. 2017).

EGFR Targeting

As discussed above, targeting the oncogenic effects of EGFR
overexpression in HNSCC has proved challenging, and cetux-
imab efficacy is limited to a small, currently unpredictable sub-
set of patients. This finding has led to the hypothesis that
selectively targeting EGFR may drive cross-talk within the
ErbB receptor family and promote signaling via other receptor
family members (Shepard et al. 2008). Supporting this theory
are results from phase II and phase III clinical trials of afatinib,
an irreversible ErbB family blocker. The phase II trial showed
comparable antitumor effects to cetuximab and significantly
improved progression-free survival (PFS) of recurrent/meta-
static and platinum-refractory HNSCC compared with metho-
trexate (MTX), while the phase III clinical trial (LUX-Head &
Neck 1) showed improved PFS as compared with MTX in the
same study population (Seiwert et al. 2014; Machiels et al.
2015). Biomarker analyses of the LUX-Head & Neck 1 trial
showed improved PFS in afatinib-treated patients versus
MTX-treated patients when their tumors were pl6-negative,
EGFR-amplified, HER3-low, and PTEN-high (Cohen et al.
2017). In addition, a preclinical study identified high levels of

AKT-phosphorylation as predictive of anti-EGFR drug resis-
tance in HNSCC cell lines (Silva-Oliveira et al. 2017). There is
a continued search for more efficacious novel EGFR inhibitors
to treat HNSCC.

PI3K-AKT-mTOR Pathway Targeting

Since early identification of highly prevalent driver mutations
in the PI3K-AKT-mTOR pathway, this has been a popular tar-
get for therapeutic intervention. Initial preclinical studies dem-
onstrated antitumor efficacy of PI3K inhibitors, prompting
many HNSCC clinical trials of PIK3 inhibitors as monother-
apy or in combination with other agents (Isaacsson et al. 2015).
The irreversible PI3K inhibitor PX-866 has shown efficacy in
preclinical models of HNSCC, specifically in tumors harbor-
ing PIK3CA mutations and, interestingly, Notch!l inactivating
mutations (Keysar et al. 2013). A phase II clinical trial was
conducted to assess the efficacy of PX-866 with docetaxel in
patients with recurrent or metastatic HNSCC and showed no
significant clinical benefit. Of note, only 8% of the patients
enrolled in this study exhibited PIK3CA mutations, and no
patients harbored KRAS mutations (Jimeno et al. 2015). In
vitro data suggest that PIK3CA mutations may act as biomark-
ers to predict response to PIK3 inhibitors and lacking these
mutations is predictive of nonresponse (Mazumdar et al. 2014).
In contrast, treatment with the pan-PI3K inhibitor buparlisib in
combination with paclitaxel demonstrated significantly
improved PFS in patients with recurrent or metastatic HNSCC
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when compared with placebo with paclitaxel treatment in a
phase II clinical trial (Souliéres et al. 2017). There is evidence
that PI3K inhibition may lead to feedback activation of other
receptor tyrosine kinases suggesting that inhibition of PI3K
will be ineffective as a monotherapy (Michmerhuizen et al.
2016). Resistance to PI3K inhibitors may develop due to PI3K/
AKT-independent upregulation of mammalian target of
rapamycin (mTOR), perhaps due to overexpression of the
receptor tyrosine kinase AXL; this suggests co-targeting PI3K
and mTOR would be a promising strategy (Elkabets et al.
2015).

Despite promising preclinical findings, mTOR inhibitors
have yet to successfully translate to clinical practice in HNSCC
(Simpson et al. 2015). In a phase II clinical trial, the mTOR
inhibitor everolimus did not show clinical benefit when used as
monotherapy against recurrent or metastatic HNSCC, although
no PI3K activating mutations were identified in tumor samples
from the patients (Geiger et al. 2016). The type 2 diabetes mel-
litus drug metformin has been shown to indirectly inhibit
mTOR, and in an epidemiologic study of 66,000 diabetic
patients, the incidence of head and neck cancer was 34% lower
in patients taking metformin versus patients not taking metfor-
min (Yen et al. 2015). These results led to a preclinical study
showing a role for metformin in prevention of tumor growth
via inhibition of mTOR signaling and a subsequent clinical
trial to examine the efficacy of metformin in preventing devel-
opment of HNSCC from precancerous lesions (NCT02581137,;
Madera et al. 2015).

RAS/RAFIMEK/ERK Pathway Targeting

Mitogen-activated protein kinase kinase (MEK) inhibition via
MEK162 has been studied in vitro and in vivo and has been
shown to decrease HNSCC tumor cell proliferation (Mazumdar
et al. 2015). Furthermore, MEK inhibition has been shown to
enhance PI3K/mTOR inhibition in a preclinical study (Mohan
et al. 2015). RNA silencing of the overexpressed transmem-
brane glycoprotein CD147 decreased chemoresistance in
HNSCC cell lines via deactivation of the MAPK/ERK signal-
ing pathway (Ma et al. 2017).

Other Pathways

In an effort to target the CDKN2A deletions and CCNDI1 gene
amplification that are seen in HNSCC, CDK4/6 inhibitors have
been studied in preclinical models. The first clinical trial to eval-
uate a CDK4/6 inhibitor in HNSCC was reported in 2016 and
determined the safety of palbociclib (PD 0332991, FDA
approved for the treatment of ER+, HER2— metastatic breast
cancer) in combination with cetuximab in patients with recurrent
or metastatic disease (Michel et al. 2016). Based on the results of
this study, which showed partial responses in the 2 patients with
pl6-negative tumors, there is an ongoing clinical trial assessing
the efficacy of palbociclib in addition to cetuximab for treating
incurable, pl6-negative HNSCC (NCT02101034).

While many of these novel molecular targeting agents have
failed to prove efficacious in clinical trials, the lack of preci-
sion in these attempts to test precision medicine approaches
cannot go unnoticed. Going forward, trials of molecular target-
ing agents must be carefully designed to simultaneously evalu-
ate potential biomarkers predicting response, allowing for
subgroup analyses and revealing patients who may preferen-
tially respond to a therapy based on specific characteristics of
their genomic landscape. Table 2 highlights active clinical tri-
als in the United States that are incorporating genetic informa-
tion into clinical trial design via assessment of biomarkers as
predictors of treatment response. Other trials are assessing
the impact of biomarkers on treatment in a more targeted
fashion—by limited inclusion criteria to individuals harboring
specific genetic alterations or amplifications (Table 3).

Molecular Co-targeting Strategies

Because of the genetic heterogeneity of HNSCC and the pro-
pensity for drug resistance development with monotherapy, it
is likely that combination therapy will prove most efficacious
when implementing molecular targeting agents. To achieve
therapeutic synergy, several possible approaches are possible
and indeed are being tested in clinical trials including (1) tar-
geting molecules within convergent signaling pathways, (2)
targeting molecules with nonoverlapping mechanisms of
action, and/or (3) targeting anti-tumorigenic molecules that act
to synergize with conventional chemotherapy or radiation
treatment. Such approaches can involve integration of methods
to reverse effects of somatic tumor mutations, modulate delete-
rious epigenetic changes, and augment immune response
against tumor cells.

Several co-targeting strategies described in the literature
involve the combination of cetuximab with a more novel tar-
geting approach. Because clinical responses to cetuximab are
limited, there is an ongoing search for combination therapies
that may sensitize resistant tumor cells to this EGFR inhibitor.
One such example is the use of cetuximab in combination with
PI3K inhibitors, which has shown preclinical efficacy (Bozec
et al. 2017). In patients treated with cetuximab plus chemora-
diation, worse overall survival and PFS has been associated
with PI3K and RAS pathway activation, indicating that these
pathways may play a role in cetuximab resistance (Psyrri et al.
2014). In clinical trials to date, the combination of PI3K inhibi-
tion and cetuximab treatment has not yet shown clinical effi-
cacy in unselected patient populations (Jimeno et al. 2015).
Similarly, there are promising results in preclinical studies sug-
gesting a role for mTOR targeting in cetuximab-resistant
HNSCC (Bozec et al. 2016; Lattanzio et al. 2016). PIK3CA
mutations, RAS mutations, and high EGFR expression have
been proposed to serve as predictive biomarkers of positive
response to this co-targeting approach (Wang et al. 2014).
Unfortunately, a phase II trial of everolimus and erlotinib
showed good tolerability of this combination but lack of sig-
nificant clinical benefit (Massarelli et al. 2015).
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Table 2. Currently Active U.S. Clinical Trials Evaluating Molecular Targeting Agents with Biomarker Studies Assessing Associations to Treatment

Response.
NCT Phase Interventions Molecular Targeting Roles Biomarkers to be Assessed
NCT02124850 Ib, recruiting Cetuximab + motolimod +  Anti—epidermal growth factor Immune biomarkers (NK,

nivolumab

NCTO01218048 I, ongoing but not

recruiting

Cetuximab * surgical
resection, adjuvant
radiation, cisplatin, and/
or carboplatin

Ficlatuzumab + cetuximab

NCT02277197 I, ongoing but not

recruiting

NCT00957853 Cetuximab + IMC-Al2 +
surgical resection
Ruxolitinib + surgical

resection

I, ongoing but not
recruiting

NCTO03153982 I, not yet recruiting

MCT02035527 I/11, ongoing but not Sorefenib tosylate +
recruiting cisplatin + docetaxel
NCTOI051791 I, ongoing but not Everolimus
recruiting
NCTO01588431 I, ongoing but not Bevacizumab + cisplatin +
recruiting docetaxel + cetuximab
followed by radiation,
bevacizumab+ cisplatin
+ cetuximab * surgical
resection
NCT02769520 I, recruiting Pembrolizumab or placebo
NCTOI1316757 I, ongoing but not Erlotinib + cetuximab +
recruiting paclitaxel + carboplatin
NCTO01016769 I/ll, ongoing but not Temsirolimus + paclitaxel +
recruiting carboplatin
NCT02741570 Ill, recruiting Nivolumab + ipilimumab +
cetuximab + cisplatin +
carboplatin + fluorouracil
NCT02952586 I, recruiting Avelumab + cisplatin +
radiation therapy
NCT02499120 I, recruiting Cetuximab + palbociclib or

placebo

receptor (EGFR) monoclonal
antibody; small-molecule agonist
of toll-like receptor 8; anti-PD-1
monoclonal antibody
Anti-EGFR monoclonal antibody

Anti-hepatocyte growth factor
(HCG) IgG| monoclonal
antibody; anti-EGFR monoclonal
antibody

Anti-EGFR monoclonal antibody;
anti-IgG | monoclonal antibody

JAK /2 inhibitor

Raf inhibitor

mTOR inhibitor

Anti—vascular endothelial growth
factor (VEGF) monoclonal
antibody; anti-EGFR monoclonal
antibody

Anti—PD-1 monoclonal antibody

EGFR inhibitor; anti-EGFR
monoclonal antibody

mTOR inhibitor

Anti—PD-1 monoclonal antibody;
anti—-PD-1 monoclonal antibody;
anti-EGFR monoclonal antibody

Anti—PD-1 monoclonal antibody

Anti-EGFR monoclonal antibody;
CDK4/6 inhibitor

mDC, T-cell activation and
tumor infiltration, and serum
cytokines)

Immune biomarkers (unspecified)

Biomarkers of the HGF/cMet
pathway

Various biomarkers, including
phospho-Akt

Biomarkers of the JAK/STAT3
signaling pathways

Biomarker analysis (unspecified)
of tumor and blood samples

Tumor and patient-associated
markers of the EGFR/mTOR
pathway (including EGFR, ERK,
Akt, and other markers)

EGFR and angiogenesis
biomarkers

Biomarkers unspecified
EGFR and related biomarkers

Biomarkers associated with
resistance to mTOR inhibition

Assessing baseline PD-LI
expression as a predictive
biomarker

Biomarkers including PD-L1
expression and tumor-
infiltrating CD8+ T
lymphocytes

Biomarkers including p16, Rb,
others

Contrary to initial suggestions that immunosuppressive
agents may work to inhibit the mTOR pathway, recent evi-
dence suggests that mTOR inhibition may instead increase
immune activation (Wang et al. 2014). Such results support a
co-targeting approach involving mTOR inhibition in combina-
tion with an immune checkpoint inhibitor, since mTOR inhibi-
tion may potentiate the effects of PD-1 blockade. This is further
supported by a study by Moore et al. (2016) showing CDS8
T-cell-dependent anti-tumor effects of co-therapy with
rapamycin and anti-PD-L1 monoclonal antibody.

Another potential therapeutic combination with the aim of
enhancing response to the recently FDA-approved PD-1 inhib-
itors is combination therapy with HDAC inhibitors. HDAC
inhibitors have a poor track record of efficacy as single agents,
but the use of these drugs in combination therapy with other

HNSCC treatments is still being evaluated (Blumenschein
et al. 2008). A phase I/II clinical trial assessing the safety, toler-
ability, and efficacy of pembrolizumab and the HDAC inhibi-
tor vorinostat for treatment of HNSCC and salivary gland
cancer is ongoing (NCT02538510).

Conclusion and Future Perspectives

In recent years, our knowledge of the genomic factors underly-
ing HNSCC has expanded tremendously. Despite this informa-
tion, treatment of this disease has seen little advancement, and
the few FDA-approved molecular targeting agents are only
effective in a subset of these tumors. Challenges to integrating
genomics and therapy include the paucity of FDA-approved
drugs to candidate targets, toxicities of agents (alone and/or in
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Table 3. Currently Active Clinical Trials Evaluating Molecular Targeting Agents with Biomarker Inclusion Criteria.

NCT Phase Interventions Molecular Targeting Roles Inclusion Criteria Genetics
NCTO02706691 II, not yet BGJ398 Pan FGFR kinase inhibitor Using a presence of specific biomarkers
recruiting (fibroblast growth factor receptor
gene amplifications, mutations or
translocations) likely predictive of
treatment response as inclusion
criteria; this may be especially
important in a single-agent study
NCT02644122 I, recruiting SFI126 Dual PI3K and bromodomain PIK3CA, PIK3CG, PIK3R1, PIK3R5,
inhibitor PIK3API, AKT, mTOR, PTEN
*Not PIK3CA amplification
NCT02822482 I/ll, recruiting Copanlisib + cetuximab PI3K inhibitor; anti-EGFR PI3K mutation, PI3K amplification, PTEN
monoclonal antibody loss
NCT03292250 I, recruiting BYL719 or poziotinib or PI3K inhibitor; EGFR, HER2, HER4  NBS-based molecular characterization of
nintedanib or abemaciclib inhibitor; VEGFR, FGFR, PDGFR each tumor to determine treatment
or durvalumab = inhibitor; CDK4/6 inhibitor; arm; if no relevant genetic alteration,
tremelimumab anti—PD-1 monoclonal antibody; patient allocated to the durvalumab
anti-CTLA-4 monoclonal * tremelimumab arm regardless of
antibody PD-LI status
NCTO03088059 II, not yet Afatinib or palbociclib or EGFR, HER2 inhibitor; CDK4/6 Treatment arm determined by potential
recruiting monalizumab or standard inhibitor; anti-NKG2A (natural biomarkers identified in tumor biopsy

of care

killer cell inhibitory receptor)

monoclonal antibody

combination), and the limitations of preclinical models.
Because of the highly heterogeneous nature of this disease,
genomic information instead needs to be used to create person-
alized therapeutics, specific to the genomic landscape of indi-
vidual cancers. Overall, randomized clinical trials of molecular
targeting agents that show promise in animal models often
exhibit limited or no significant efficacy in HNSCC patients.
Incorporation of candidate predictive biomarkers (“basket”
oncology trials) is likely to increase success rates. Drug resis-
tance to targeted therapies ultimately limits their efficacy.
Improved understanding of resistance mechanisms will allow
testing of combination therapies to prevent and/or delay resis-
tance. Knowledge of the tumor mutational profile has the
potential to impact radiomics, in which differential gene
expression is used to adjust radiation doses (Scott et al. 2017).
One of the first steps toward the application of precision
medicine in standard-of-care practice may be the integration of
next-generation sequencing for tumor profiling into routine
clinical management. Where feasible, this profiling could lead
to subsequent enrollment of patients into matched clinical tri-
als based on their tumor profiles, a technique that has demon-
strated increased experimental treatment response rates (Chau
et al. 2016). Integration of standard-of-care tumor profiling in
HNSCC, shown to be achievable and advantageous by Chau
et al. (2016), would allow for the increased feasibility of bio-
marker-driven clinical trials. Consequently, once molecular
targeting drugs and their predictive biomarkers are identified
and validated, this approach would also ease the transition
between current routine practice and precision medicine.
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