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Abstract

Personalized medicine, in which individual tumor genetics drive the selection of
targeted therapies and treatment plans for each patient, has recently emerged as the next
generation of cancer therapy. Unfortunately, personalized medicine trials have had limited
success in tumors that have complex combinations of disruptive genomic events, which drive
differential responses to targeted therapies. Here, we will use head and neck squamous cell
carcinoma as a model for genetically complex disease and discuss novel approaches to enhance
personalized medicine trials for these complicated cases.
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1. INTRODUCTION/BACKGROUND

Head and neck squamous cell
carcinoma (HNSCC) is the sixth-leading
cancer worldwide, with an incidence of
over 600,000 cases annually (Jemal et al.
2011). Despite advances in surgery,
chemotherapy, and radiation, outcomes for
advanced-stage cancers have remained
dismal, with minimal improvement in
survival (Pulte & Brenner 2010). In
addition, treatment options for recurrent and
metastatic HNSCC are often limited, with
palliative treatment generally offered in
these situations. In light of the current state
of treatment for HNSCC, new paradigms
for care are needed.

The concept of targeted treatment
for cancer is well established. Targeted
therapies have been approved and
successfully employed in a wide array of
other cancers. Imatinib (Gleevec; for
chronic myeloid leukemia) and trastuzumab
(Herceptin; for breast cancer) have been
established as standard of care in their
respective cancers, with impressive results
(Druker et al. 2006, Slamon et al. 2001).
Additional targeted therapies have been
demonstrated to improve survival in many
other cancers (Flaherty et al. 2010,
Cappuzzo et al. 2010, Van Cutsem et al.
2011, Saltz et al. 2008).

In recent years, the rapid
advancement of genomic sequencing
techniques has allowed us to identify novel,
targetable genes and genetic mutations in a
variety of cancers (Brenner et al. 2011,
Asangani et al. 2014, Robinson et al. 2013,
Ryan et al. 2013). The rationale behind
personalized, targeted therapy in cancer is
an alluring one (Roychowdhury et al. 2011,
Roychowdhury et al. 2014): specific genes
or genetic pathways are frequently
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dysregulated in many cancers. In some
instances, one specific genetic alteration is
responsible for the cancer (e.g. the BCR-
ABL fusion gene in chronic myeloid
leukemia; Shtivelman et al. 1985). In such
cases, developing personalized therapy
against this specific mutation provides an
ideal, highly targeted treatment regimen, as
opposed to nonspecific and highly
damaging chemotherapy or radiation
options.

The implementation of personalized,
targeted therapy in HNSCC has lagged
behind other cancers. This is largely due to
the high genomic complexity and high
mutation rate in HNSCC compared to other
cancers (Cancer Genome Atlas Network
2015). However, as we develop new and
powerful genomic screening techniques (Li
et al. 2014, Li et al. 2014, Shalem et al.
2014, Wang et al. 2014) to identify
mutations in HNSCC, potential therapeutic
implications are increasing. Unfortunately,
single “magic bullet” agents like imatinib
for chronic myeloid leukemia are highly
unlikely in HNSCC given the variability,
volume, and heterogeneity of mutations in
these tumors. Rather, the future of HNSCC
targeted therapy will more likely require
incorporation of multiple agents and
multimodality therapy.

2. CORE DYSREGULATED
PATHWAYS IN HNSCC

HNSCCs are broadly categorized
into HPV positive and HPV negative
disease due to the vast differences in
outcomes associated with the two
populations (Ang et al. 2010). Beyond HPV
infection status, recent whole exome and
whole genome sequencing data on HNSCC
has identified multiple commonly mutated
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genes and genetic pathways. On average,
data from The Cancer Genome Atlas
(TCGA) identified 140 mutations per tumor
(Cancer Genome Atlas Network 2015).
Broadly, mutations in four key regulatory
pathways are  frequently identified,
including: cell cycle control (96%), growth
and proliferation (62%), death (44%), and
squamous differentiation (64%) pathways
(Cancer Genome Atlas Network 2015,
Pickering et al. 2013; Figure 1).
Importantly, each of these regulatory
pathways currently has  potentially
targetable therapeutic options in
development or early clinical testing (Table
I; Bonner et al. 2010, Vermorken et al.
2008, Liu et al., 2013, Wang et al. 2014).

2.1 Cell Growth and Proliferation

Overall, mutations and
amplifications in cell growth and
proliferation  signaling pathways are
identified in a significant portion of
HNSCCs. Receptor tyrosine  kinases
(RTKSs) play a key role in cell signaling for
growth and proliferation.  Numerous
targeted agents against RTKs have been
developed and successfully implemented in
care in a number of cancers, including
HNSCC (Table 1). Currently, cetuximab
(Erbitux) is the only approved targeted
therapy  for HNSCC.  Importantly,
cetuximab is most frequently used in
combination  with  chemotherapy or
radiation (Bonner et al. 2010, Vermorken et
al. 2008). Monotherapy with cetuximab is
indicated in select circumstances, but only
shows a modest effect (Vermorken et al.
2007).

Despite its success, however, much
remains to be studied in regards to anti-
EGFR therapy, and therapy against other
potential targets in HNSCC. For instance,
cetuximab use is not dependent on any
personalized analysis of EGFR expression
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levels or mutational status. Given the
potential for resistance to cetuximab
therapy, increased screening for genetic
alterations that drive response to EGFR
inhibition at the time of diagnosis may be of
importance.

Cetuximab is far from the only RTK
being explored for potential targeted
therapy. Anti-HER2 therapy, which has
been successful in breast and gastro-
esophageal cancers, may have a role in
HNSCC (Pollock et al. 2014). Interestingly,
a subset of HNSCC patients demonstrates
overexpression of HER2 (Birkeland et al.
manuscript in review), suggesting that these
patients could potentially benefit from
trastuzumab or other anti-HER2 therapy. As
the safety profile for trastuzumab has
already been well established, it provides an
intriguing option for future clinical trials in
HNSCC patients with HER2-
overexpressing tumors.

A potential role for FGFR inhibitors
in HNSCC has just recently been identified,
with findings of select tumors harboring
amplifications of the FGFR1 gene and other
members of the FGFR family (e.g. FGF3,
FGF4 and FGF19 also reside on the 11913
amplicon that is frequently amplified in
HNSCC; Goke et al. 2013, Tillman et al.
manuscript in review). Other inhibitors of
RTKSs are in various phases of clinical trials
in HNSCC, including many combination
inhibitors.  Excitingly, some of these
targeted therapies have already been FDA-
approved in other cancers (Table 1),
suggesting a plausible role in HNSCC.

Downstream  growth/proliferation
targets of RTKs have been explored as drug
targets (Figure 1). Specifically, inhibitors
of the PISK/Akt/mTOR pathway are being
actively explored in HNSCC and other
cancers (Simpson et al. 2014). Early phase
clinical trials are in progress studying such
inhibitors in HNSCC.

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved 3



Medical Research Archives

2.2 Cell Cycle Control

In regards to cell cycle control,
inactivation of TP53, either through direct
genetic mutation or increased expression of
p53 regulatory proteins (e.g. MDM2
amplification or HPV EG6), is identified
almost universally in HNSCC cases
(Cancer Genome Atlas Network 2015).
Additionally commonly mutated genes
regulating cell cycle include CCNDI,
CDKN2A, and CD4K4/6 (Figure 1).
Currently, inhibitors against multiple agents
in this pathway are in early clinical trials
(Table 1). In particular, the CDK inhibitor
palbociclib (Ibrance) has been demonstrated
to be effective in breast cancer (Finn et al.
2015), and recently achieved FDA
approval.  Overall, unlike the cell
growth/proliferation pathway,  where
mutations often cause gene overactivity,
mutations in cell cycle control include a
significant amount loss of function
mutations (especially in TP53). As we
discuss below, these mutations can be more
challenging to address with targeted
therapies.

2.3 Cell Death

Anti-apoptotic and anti-cell death
mechanisms are a key trait common to
cancers (Hanahan & Weinberg 2000).
Sequencing analysis of HNSCC has shown
frequent mutations in cell death pathways,
suggesting a role for targeted agents
(Figure 1). Bortezomib (Velcade) is an
inhibitor of NF-xB. It is a key regulator in
cell death pathways, where it is a
proteasome inhibitor, inhibiting anti-
apoptotic genes (BCL-2, BCL-XL, and
STAT3), and upregulating pro-apoptotic
genes (NOXA; Qin et al. 2005). It has FDA
approval for use in multiple myeloma and
mantle cell lymphoma (Chen et al. 2011),
and is being investigated in HNSCC and
other  cancers.  Additionally, agents
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inhibiting other key anti-apoptotic genes
(e.g. BCL-2, BCL-XL; Imai et al. 2012) are
in early phase clinical trials in HNSCC and
other cancers (Table 1) including the anti-
Bcl-xL compound AT-101 at our institution
(NCT01633541)

2.4 Cell Differentiation

Mutations in the Notch pathway
were identified in the initial HNSCC exome
studies (Stransky et al. 2011, Agrawal et al.
2011); subsequently, it has been established
that over 50% of HNSCC samples have
mutations in the Notch pathway (Cancer
Genome Atlas Network 2015; Figure 1).
There are challenges to developing targeted
agents in this pathway as a significant
amount of these mutations are loss-of-
function, for which inhibitors would not
work for the mutated genes. However,
inhibiting the consequently unchecked
related cellular pathways is a viable
therapeutic option. For example, we have
recently shown that NOTCH1 deficient
tumors are highly susceptible to inhibition
of Wnt signaling by blocking PORCN, a
protein critical for Wnt ligand secretion
(Liu et al. 2013). Vismodegib, which
targets the hedgehog pathway gene SMO,
has FDA approval in basal cell carcinomas
(Sekulic et al. 2012). Additional targets in
these pathways, including B-catenin, are in
early phase investigation in HNSCC and
other cancers.

2.5 Other Pathways

Immune regulation in cancers is a
complex and vast field. Robust research
into immunotherapy in HNSCC is being
performed, ranging from targeted small
molecule inhibitors to tumor vaccines.
Mutations in immune recognition pathways
are identified in a subset of HNSCCs,
making immune modulators an intriguing
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prospect. Currently, agents like ipilimumab
(Yervoy) and Nivolumab (Opdivo) have
shown survival benefit (Robert et al. 2011,
Robert et al. 2015) and are FDA approved
for use in melanoma.

Many other targeted agents for
additional pathways or orphan genes are in
development and early phase clinical trials
(Table I). Some of these agents are already
well established and FDA approved in other
tumors (e.g. imatinib). Others suggest the
potential for other genetic pathways or
cellular phenotypes (e.g. CD44 inhibitors,
which may suggest a role for targeting
cancer stem cells, Tijink et al. 2006).

3. COMBINATION THERAPIES

While targeting an individual gene
may have limited success, combining
targeted therapies against multiple genetic
targets or pathways simultaneously could
provide one strategy for improved
outcomes in these genetically complex
tumors. The concern for monotherapy is the
development of resistance in cancer cells
and the subsequent proliferation of these
cells to repopulate the tumor. Indeed, as
carcinogenesis is proposed to involved
dysregulation of multiple key pathways
(including growth, anti-apoptosis, invasion,
and cell division), addressing as many of
these dysregulated pathways as possible
could lead to improved therapeutic
outcomes, but may increase toxicity and
morbidity.

3.1 Multiple Agents in a Single Pathway

Importantly, most tumors harbor
mutations in  multiple key regulatory
pathways, as described above. As such,
combining targeted therapies against
multiple genetic targets or pathways
simultaneously could provide improved
outcomes. In cell growth/proliferation
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pathways, multiple RTKs can provide
compensatory signaling, rendering
monotherapy less efficacious (Janne et al.
2009). Additionally, genetic mutations in
EGFR and other RTKs can confer
resistance to either monoclonal antibodies
or small molecule inhibitors (through
resistance-driving EGFR mutations, or gene
amplifications in compensatory RTKS;
Kobayashi et al. 2005, Takezawa et al.
2012, Bean et al. 2007). Additionally,
downstream activating mutations in the cell
growth/proliferation pathway (e.g. in KRAS,
BRAF, or PIK3CA) can render upstream
RTK blockade ineffective (Lievre et al.
2006, Benvenuti et al. 2007). Newer
antibodies and small molecule inhibitors in
development are targeting multiple RTKSs
simultaneously (e.g. EGFR and HERZ2;
Table 1). Indeed, combining multiple
agents against a signaling pathway may
more effectively knock down signaling and
provide improved response. Currently, there
are limited trials studying combined therapy
in HNSCC, although such regimens are
being employed in other cancers (Geyer et
al. 2006, Swain et al. 2015, Janjigian et al.
2014).

3.2 Combination Targeting of Multiple
Pathways

An alternative combination
treatment regimen is to target multiple key
regulatory (e.g. cell growth/proliferation
and cell apoptosis) pathways
simultaneously. As it is well established
that mutations in multiple pathways are
required for carcinogenesis, using targeted
agents against a combination of these
dysregulated pathways could theoretically
improve tumor response. Knocking down
multiple pathways could also account for
compensatory mechanisms of tumor cell
resistance to monotherapy. An early trial
targeting multiple pathways in melanoma
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(with ipilimumab and vemurafenib) had
issues with toxicity (Ribas et al. 2013).
Currently, inhibition of the
growth/proliferation pathway is much more
developed in regards to targeted therapy
than  other  carcinogenic  pathways.
Nevertheless, consideration of combination
therapies amongst different pathways will
be crucial in establishing improved tumor
response. Early combination therapy
clinical trials are in progress on other solid
cancers, including EGFR/BRAF/Wnt
inhibition in colorectal cancer
(NCT02278133), MEK/CDA4/6 inhibition in
solid tumors (NCT02065063), and NF-kB
and VEGF inhibition in advanced
malignancies  (NCT00428545), among
others.

3.3 Combination Therapy with
Chemoradiation

To overcome issues with tumor
heterogeneity and unknown compensatory
responses, one alternative approach is to
merge conventional and/or non-specific
therapies with individually tailored targeted
inhibitors. Tailoring conventional therapy,
including established cetuximab, radiation,
and chemotherapy options to fit genetic
profiles may be important for identifying
rational improvements in survival in
genetically complex and highly
heterogeneous tumors. Conversely,
understanding the biomarkers that predict
tumor  components  that  will  be
unresponsive to chemotherapy, radiation, or
cetuximab will be equally important for
identifying patients that require more
aggressive therapy.

Current standard of care for HNSCC
incorporates a combination of surgery,
radiation and chemotherapy. Particularly
for advanced and recurrent disease,
multimodality  therapy is  important.
Traditional chemotherapy and radiation
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therapies have a significant amount of well-
described off-target effects and toxicities
(Givens et al. 2009). It is unlikely targeted
therapies will completely replace these
established regimens. Rather, they can act
as adjuvants in combination with these
established treatments to enhance care rates
and reduce toxicity. Studies with cetuximab
in HNSCC have demonstrated a beneficial
effect when added to current standard-of-
care chemotherapy and radiation (Bonner et
al. 2010, Vermorken et al. 2008). Addition
of targeted therapy could be investigated in
combination with reduced doses of
radiation and traditional chemotherapy. The
balance of maintaining treatment efficacy
while reducing radiation and chemotherapy
toxicity will be important to investigate.

4. CAVEATS TO THE PERSONALIZED
MEDICINE PARADIGM AND FUTURE
DIRECTIONS

4.1 Predicting Driver Mutations and
Compensatory Pathways

Personalized medicine is not
without it’s limitations, however (Stahel et
al. 2014). In fact, a major question for
personalized medicine tumor boards is how
to predict which patients will respond to
targeted therapies (i.e. Is the presence of a
mutated driver in the majority of tumor
cells sufficient to warrant intervention with
a companion therapeutic?). Cancers,
particularly HNSCC, are often
heterogeneous, with multiple, variable
genetic drivers (Fisher et al. 2013). Thus,
successfully targeting of only one of the
deregulated pathways in these genetically
complex diseases may not be sufficient for
treatment.

At this stage, concern for tumors not
responding to targeted therapies are largely
attributed to either additional innate genetic
lesions (e.g. multiple pathway disruption),
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or the emergence of compensatory
pathways. Initially, clarification of the
specific genetic mutations or alterations that
drive  HNSCC pathogenesis will be
important in  developing combination
strategies against innate genetic lesions.
Streamlining the identification of actionable
targets, possibly through select genetic
panels of commonly altered genes, will be
useful in driving down cost and providing
valuable information without inundation of
data. However, this will not overcome
issues  with  compensatory  response
mechanisms of tumors to targeted therapies,
which can differ from tumor to tumor.

4.2 Unpredictability of Response

Indeed, biologically  plausible
targets may not demonstrate successful
clinical response. This is evidenced in the
case of trastuzumab against HER2 positive
ovarian cancers, in which clinical trials did
not identify a survival benefit (Bookman et
al. 2003). Similarly, in HNSCC, application
of the EGFR inhibitor gefitinib (Iressa) did
not show improved outcomes, despite
acting on the same genetic pathway as
cetuximab (Argiris et al. 2013). This
highlights that each agent needs to be
assessed individually, regardless  of
previous outcomes with similar compounds,
and brings in to question the value of
negative responses in precision medicine
trials. In the same fashion that gefitinib
does not appear to show benefit despite
cetuximab’s success, other compounds may
ultimately demonstrate benefit despite lack
of success for similar compounds. Thus, a
major concern for personalized medicine
trials is that a few failed responses may
drive negative bias towards a particular
class of compounds/lesions. Moreover,
initially sensitive tumors can subsequently
develop resistance to targeted therapy, as
detailed above. Thus, continual
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reassessment of tumor response will be
important.

4.3 HNSCC Tumor and Population
Heterogeneity

Further characterization of the
interplay between common drivers and lost
suppressors in HNSCC will be important
for the molecular stratification of disease.
Unfortunately these efforts are currently
limited by the small number of HNSCC
cases that have been sequenced. For
example, although sequencing data from
over 400 HNSCC cases are now publicly
available, these cases are from a variety of
head and neck subsites, often lack
associated clinical outcome data, and have a
drastically skewed percentage of cases that
favor Caucasian-Americans with a history
of smoking and alcohol use. With the recent
increase  in HPV-related HNSCCs
(Chaturvedi et al. 2008), much increased
focus should be paid to understanding the
disruptive genetic events that are co-altered
in HPV positive tumors to understand the
molecular stratification of these tumors. In
the future, sequencing studies of tumors
with associated therapeutic and clinical
response will further define the subsets of
patients that require more aggressive
approaches to increase survival.

4.4 Addressing Tumor Suppressor Genes

Not all genetic targets are created
equally, however. This majority of the
agents developed have been designed to
inhibit function in oncogenes (e.g. kinase
inhibition). Restoring lost function of tumor
suppressor genes remains a challenging
process. For instance, although TP53
expression is lost in almost all HNSCC, we
have not developed successful targeted
therapies to restore TP53 function.
Interestingly, virus-restored p53 clinical
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trials are currently being performed (Liu et
al. 2013). Titrating to restore physiologic
function of lost tumor suppressor genes,
however, will remain a challenging
prospect.

4.5 Future Goals of Care

Consequently, to move forward in
the current design of personalized medicine
trials, evaluation of successful targeted
therapies against mutated or deregulated
targets from other cancers will be an
important initial study in HNSCC. These
agents have already been studied for safety
and dosing, they have the potential for
earlier application against HNSCC, if
warranted. However, these classes of
therapies need to be carefully evaluated in
multiple “N of 1” trials to fully understand
the response of tumors to each therapy.

Long-term, we believe that the
development of  tumor-site  specific
Personalized Medicine Tumor Boards will
be crucial to adequately investigate patient
options with ongoing clinical trials and
experimental therapies, especially for
tumors with complex mutational loads. In
these early stages, many personalized
medicine tumor boards being run at many
large academic institutions focus on
advanced or non-resectable disease from
multiple tumor sites (Everett et al. 2014).
Integrating the experiences learned from
these multi-tumor trials with tissue-specific
experiences will be critical in the long run.

In these precision medicine tumor
boards, open discussion amongst surgeons,
medical oncologists, radiation oncologists,
geneticists, and ethicists can lead to
identifying the ideal treatment regimen or
study for patients, and foster discussion on
proper patient counseling. In this nascent
stage of personalized medicine, ethical
issues  regarding incidental  findings,
counseling patients, and disclosure are in
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flux (Birkeland et al. manuscript in review);
we will need to continually assess and
modify our discussions with patients as our
technology and ability to understand
genomic alterations advances.

New clinical trials and treatment
paradigms are considering cancers based on
their mutational profile rather than
anatomic location (Conley & Doroshow
2014). While this may be too simplistic a
view on cancers (e.g. anti-HER2 treatment
has variable effects on breast vs. ovarian
cancer), it does point to the importance of
identifying and classifying tumors based on
their mutational profiles.

5. CONCLUSION

We have entered an exciting era in
personalized medicine for cancer therapy
and the development of targeted therapies
and novel approaches for HNSCC will
assuredly play an important role in the
ongoing battle against this deadly disease.
Already, we are introducing targeted
therapy concepts into HNSCC through
ongoing precision medicine trials, where we
expect the greatest impact to come for
patients with relatively few genetic drivers.
In the future, as our understanding of the
interplay of disruptive genomic events
driving HNSCC pathogenesis and response
to therapy increases, so too will our ability
to design optimal therapeutic approaches
for patients with genetically complex
disease.
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Table 1. Targeted Agents in Clinical
Trials for HNSCC. Primary targeted
pathways include growth/proliferation, cell
cycling, squamous differentiation, cell
death, and immune regulation pathways.
Agents with FDA approval in other diseases

Issue 3

are listed. NSCLC = non-small cell lung
carcinoma, SEGA = subependymal giant
cell astrocytoma, PNET = primitive
neuroectodermal tumor, GIST =
gastrointestinal stromal tumor, BCC = basal
cell carcinoma.

Phase in
Pathway/Gene Agent HNSCC FDA Approval
Growth/Proliferation
AKT MK2206 1 --
BRAF/VEGFR/PDGFR Sorafenib (Nexavar) I Renal, Liver, Thyroid
CKIT 0SI930 I --
CMET Tivantinib I --
INC280 111 --
LY2801653 I --
CMET/VEGFR Cabozantinib (Cometriq) I Medullary Thyroid
Foretinib I -
Golvatinib 111 --
MGCD265 I --
CMET/PDGFR/VEGFR MGCD516 I --
EGFR Cetuximab (Erbitux) v HNSCC, Colorectal
Gefitinib (Iressa) Il NSCLC
Panitumumab (Vectibix) I Colorectal
Nimotuzumab (Theraloc) /11 Glioma
Erlotinib (Tarceva) 1711 NSCLC, Pancreatic
Zalutumumab (HuMax) 171 --
Dacomitinib 1711 -
MM151 I --
EGFR/HERZ2 Afatinib (Gilotrif) Il NSCLC
Lapatinib (Tykerb) I Breast
EGFR/HER2/HDAC CUDC101 I --
EGFR/HER3 MEHD7945A /1 --
EGFR/RET/VEGFR Vandetanib (Caprelsa) I Medullary Thyroid
FGFR Dovitinib ] --
AZDA4547 I -
BAY1163877 I --
BGJ398 -- --

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved

14



Medical Research Archives 2015 Issue 3

FGFR/VEGFR PD173074 -- --
FGFR/PDGFR/VEGFR Pazopanib (Votrient) 1711 Renal, Sarcoma
FNTB/HRAS Lonafarnib I --
L778123 I --
HERZ2 Trastuzumab (Herceptin) I Breast, Gastric
HER3 LIM716 I --
MM121 I --
Patritumab I --
HGF/CMET Ficlatuzumab I --
IGF-1R Cixutumumab I --
Figitumumab I --
Linsitinib I --
BMS754807 /1 --
MEK1/2 Trametinib (Mekinist) 171 Melanoma
MTOR Everolimus (Zortress) I Breast, Renal, SEGA,
Pancreatic PNET
Temsirolimus I Renal
Sirolimus 111 -
Ridaforolimus I --
PDGFR/VEGFR Sunitinib (Sutent) I Renal, GIST
Vatalanib I --
PDGFR/RET/VEGFR Axitinib (Inlyta) I Renal
PI3K Buparlisib 171 --
BYL719 1711 --
PX866 I/ --
Rigosertib I --
VEGF-A Bevacizumab (Avastin) I Colorectal, NSCLC,
Renal, Glioblastoma
VEGFR Semaxanib I --
Lenvatinib (Lenvima) -- Thyroid
Cediranib -- --
Cell Cycle
CDK4/6 LEEO11 I --
Palbociclib (Ibrance) 171 Breast
Abemaciclib -- --
CDK1/4/9 P27600 I --
CDK9 Alvocidib I --
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CHK1/2 LY2606368 I --
MDM?2 DS3032 I --
R0O6839921 I --
Nutlin3 - --
PLK1 B12536 I --
TP53 Kevetrin I --
WEE1 MK1775 1 --
Squamous
Differentiation
CTNNB1 PRI724 I --
ICG001 - --
FZD OMP-54F28 I --
PORCN/WNT LGK974/WNT974 I --
SMO Vismodegib (Erivedge) I BCC
Saridegib I --
TNKS1/2 WIKI4 - --
XAV939 -- --
Cell Death
BCL-2/BCL-XL AT101 I --
CASP3 PAC1 I --
IAP1/IAP2/XIAP D1143 171 --
NF-kB Bortezomib (Velcade) I Multiple Myeloma,
Mantle Cell Lymphoma
STAT3 OPB31121 I --
OPB51602 I --

Immune Regulation
CCR4

CD27
CD134
CD137

CTLA-4

FLT3

IDO1

Mogamulizumab (Poteligeo)

Varlilumab
MEDI6469
Urelumab

Ipilimumab (Yervoy)
Tremelimumab

Quizaritinib

INCB24360

171

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved

16




Medical Research Archives 2015 Issue 3
IL-6 Siltuximab I/11 Castleman’s Disease
PD-1 Nivolumab (Opdivo) I Melanoma

Pembrolizumab (Keytruda) ] Melanoma
MK3475 I --
PD-L1 MEDI4736 ] -
MPDL3280A I --
TLR8 VTX2337 ] -
TLRY9 EMD1201081 1 --
Other
ALK Crizotinib (Xalkori) I NSCLC
Ceritinib I NSCLC
AURKA Alisertib I --
MLN8237 171 --
BCR-ABL Ponatinib (Iclusig) /11 CML
Imatinib (Gleevec) ] CML
BCR-ABL/SRC Dasatinib (Sprycel) I CML
CD44 Bivatuzumab I --
FAK PF00562271 I --
HSP90 Ganetespib - -
KSP Ispinesib ] -
PARP1/2 Veliparib 171 --
Olaparib I Ovarian
SRC Saracatinib ] --
SYK Fostamatinib ] --
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Figure 1. Key Dysregulated
Pathways in HNSCC. Core dysregulated
pathways in HNSCC include receptor-
tyrosine kinase mediated cell growth and
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Mutation rates listed as obtained from the
Oncomine program (Rhodes et al. 2004)
using publically available sequencing
results. Starred genes have targeted agents

proliferation, cell cycling, squamous
differentiation, and cell death pathways.

in development, as noted in Table I.
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