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Emerging tyrosine kinase inhibitors for head and neck cancer

Zhen Long,

Jennifer R. Grandis,

Daniel E. Johnson”

Department of Otolaryngology — Head and Neck Surgery, University of California, San Francisco,
California, USA

Abstract

Introduction: Conventional regimens for head and neck squamous cell carcinoma (HNSCC) are
limited in efficacy and are associated with adverse toxicities. Food and Drug Administration
(FDA) approved molecular targeting agents include the HER1 (EGFR)-directed monoclonal
antibody cetuximab and the immune checkpoint inhibitors nivolumab and pembrolizumab.
However, clinical benefit is only seen in roughly 15-20% of HNSCC patients treated with these
agents. New molecular targeting agents are needed that either act with monotherapeutic activity
against HNSCC tumors or enhance the activities of current therapies, particularly immunotherapy.
Small molecule tyrosine kinase inhibitors (TKIs) represent a viable option towards this goal.

Areas covered: This review provides an update on TKIs currently under investigation in
HNSCC. We focus our review on data obtained and trials underway in HNSCC, including salivary
gland cancers and nasopharyngeal carcinomas, but excluding thyroid cancer and esophageal
cancer.

Expert opinion: While some emerging TKIs have shown clinical benefit, the positive effects
have, largely, been modest. The design of clinical trials of TKIs has been hampered by a lack of
understanding of biomarkers that can be used to define patient populations most likely to respond.
Further preclinical and translational studies to define biomarkers of TKI response will be critically
important.
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1.0 Background

HNSCC is a common cancer that frequently results in lethality. Approximately 50-60
thousand new cases of HNSCC are diagnosed each year in the United States, and worldwide
these numbers approach 1 million new cases per year (1). In the United States, the
prevalence of HPV-negative HNSCC continues to decline, associated with a decrease

in tobacco consumption, but the prevalence of HPV-positive HNSCC is steadily rising,
particularly among younger adults and males. Risk factors associated with HP\/-negative
HNSCC include tobacco use, exposure to environmental pollutants, excessive alcohol
consumption, and chewing of areca nut products (eg. betel quid), a culturally ingrained
practice in many parts of the world (1). In view of these common risk factors, it is

highly likely that development of HPV-negative HNSCC will continue to be a significant
worldwide problem for years to come.

Conventional, standard-of-care approaches for the treatment of HNSCC, including surgery,
radiation, and/or chemotherapy, frequently result in disfigurement, deficiencies in speech
and swallowing, and a myriad of other adverse toxicities. The development and FDA
approval of the molecular targeting agents cetuximab (2, 3), nivolumab (4), and
pembrolizumab (5-7) has led to significant improvement in outcomes for HNSCC, although
only minority of patients currently experience clinical benefit from these approaches. Efforts
to develop new agents that will be well-tolerated and effective in the treatment of HNSCC
have focused on drugs that will enhance anti-tumor immunity, inhibit tumor angiogenesis, or
directly inhibit the proliferation and survival of the tumor cells.

The HNSCC tumor microenvironment is often characterized as highly immunosuppressive,
and the balance of anti-tumor versus immunosuppressive immune cells in this
microenvironment is associated with patient prognosis (8-11). FDA-approved nivolumab
and pembrolizumab recognize and inhibit the immune checkpoint protein PD-1 on the
surface of T-cells, stimulating the anti-tumor activity of these cells. This forms the basis for
the clinical benefit of these immunotherapy drugs in HNSCC. However, it remains unknown
why only a minority of patients respond to these drugs, and how resistance develops. One
hypothesis is that overexpression or hyperactivation of receptor tyrosine kinases (RTKSs)

on tumor cells renders these cells resistant to the action of cytotoxic T-cells (12). Hence,
targeted inhibition of these RTKs may prove an effective means for broadening the use and
effectiveness of immunotherapies.

HNSCC tumor cells overexpress a broad variety of RTKs. For example, HER1 (EGFR)

is overexpressed on 80-90% of HNSCC tumors, and it’s overexpression is associated

with poor prognosis (13, 14). This observation led to the development of cetuximab for
HNSCC treatment (2, 3), although, strikingly, the levels of HER1 expressed on tumor cells
do not correlate with response to cetuximab. Other RTKSs that may be overexpressed or
hyperactivated by HNSCC cells include other members of the HER family (HER2, HER4)
and members of the FGFR, VEGFR, and PDGFR families, as well as c-MET. Activation of
these RTKSs leads to activation of the RAS/RAF/MEK/ERK, PI3K/AKT/mTOR, and STAT3
signaling pathways. These pathways induce the expression of genes that drive cellular
proliferation and survival, migration, invasion, and metastasis. Additionally, activation of
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these pathways in tumor cells represents a common mechanism of drug resistance. Thus,
efforts to develop inhibitors of these RTKSs is a plausible strategy for limiting their oncogenic
effects in HNSCC tumors.

HNSCC tumor cells and associated stromal cells also produce abundant levels of growth
factors, such as VEGF and FGFs, that induce new blood vessel growth (angiogenesis),
supplying the tumor with oxygen and nutrients. The ability to induce angiogenesis is
dependent on the activity of specific growth factor receptors on the surface of endothelial
cells, including RTKSs in the FGFR, VEGFR, and PDGFR. Thus, targeting of these RTKs
can reduce tumor angiogenesis, and thereby inhibit tumor growth.

Two general approaches are used to develop inhibitors of RTKs. The first approach involves
the development of antibodies, such as cetuximab, that block the binding of growth factors
or cytokines to their cognate RTK or otherwise interfere with RTK function. The other
approach involves the generation of small organic molecules that inhibit the intrinsic
tyrosine kinase activities of RTKs. These small molecules are referred to as tyrosine kinase
inhibitors (TKIs) and generally function by disrupting ATP binding to the kinase domain.
A broad number of these TKIs have now been developed and new TKIls are emerging
frequently. Given the potential of these TKIs to inhibit tumor growth, invasion, metastasis,
and angiogenesis, as well as their potential to enhance anti-tumor immunity, they continue
to be actively investigated in cancer preclinical models and in the clinic, alone and in
combination with other agents. Some of the TKIs under investigation are specific for a
single RTKSs, while others, called multi-targeted TKISs, inhibit several different RTKSs. In this
review we summarize recent investigations of TKls in HNSCC.

2.0 Medical need

HNSCC is now understood to be comprised of two distinct cancers: 1) those associated with
prior infection with the human papilloma virus (HPV) known as HPV-positive or; 2) those
associated with known risk factors including tobacco and alcohol (HPV-negative)(1). While
the prognosis of HPV-positive HNSCC is much better than HPV-negative HNSCC, without
widespread vaccination prior to HPV exposure, the incidence of oropharyngeal cancers
associated with HPV is rapidly increasing. At present, there are no selective therapies for
HPV-positive HNSCC. Given the improved survival of HPV-positive HNSCC, studies to
date have compared the efficacy of lower doses of chemotherapy and/or radiation to achieve
the same outcomes.

Newly diagnosed HNSCC without distant metastasis is treated with surgery followed by
adjuvant radiation or chemoradiation (oral cavity) or chemoradiation (pharynx or larynx)
(1). The FDA approval of cetuximab in 2006 highlighted the importance of the HER1
(EGFR). However, this agent tends to be used in combination with radiation in patients

who cannot tolerate the known toxicities associated with platinum chemotherapy. While

the 2016 FDA-approval of immune checkpoint inhibitors (ICIs) provided immunotherapy
options, only a minority of HNSCC patients will respond to cetuximab or ICls. Given that
overexpression and hyperactivation of receptor and non-receptor tyrosine kinases is common
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in most HNSCC tumors, investigation of TKIs is a rational strategy to identify new, more
effective, and/or less toxic agents.

TKIs are being investigated as part of multimodality therapy for newly diagnosed and/or
recurrent or metastatic (R/M) HNSCC. If orally available TKIs with limited toxicity can
replace systemic chemotherapy and/or allow dose-reduction of radiation or chemotherapy,
that would be a therapeutic advance for both HPV-positive and HPV-negative HNSCC.

3.0 Existing treatment

Surgical resection with curative intent remains the primary therapeutic approach for oral
cavity cancers (1). Most cancers that arise in the mouth can be removed with minimal
morbidity with the exception of resections that involve the root of the tongue (such as

a total glossectomy) and/or vascularized flap reconstruction. Neck dissection to remove

the cervical lymph nodes (generally a selective or functional dissection to preserve other
anatomic structures) is usually performed in conjunction with resecting the primary tumor
to more accurately stage the tumor and remove any metastatic deposits in the neck. Despite
extensive investigation of radiographic imaging and sentinel lymph node biopsy to avoid
surgery for clinical NO necks, neck dissections are still commonly performed in conjunction
with primary tumor resection (15, 16).

Treatment options for HNSCC have changed little over the past several decades with

the exception of the introduction of cetuximab in 2006 and ICls in 2016 (1). Despite
ubiquitous HER1 (EGFR) expression in HNSCC tumors, only a subset of patients will
respond to cetuximab-containing regimens. For tumors that arise in the pharynx or

larynx, chemoradiation (generally with platinum) remains the primary treatment approach.
Cetuximab is generally reserved for patients whose co-morbidities preclude administration
of platinum. IClIs are indicated in the setting of PD-L1 expression. However, as with
cetuximab, only a subset of HNSCC patients will respond to ICI therapy.

Platinum agents (cisplatin or carboplatin) are the most commonly employed chemotherapy
drugs for HNSCC treatment. While they have been shown to be active, primarily by
sensitizing tumors to radiation, platinum toxicity limits their utility. The most common side
effects of platinum agents include neurotoxicity (including hearing loss) and nephrotoxicity.
Studies are underway to test the impact of agents which mitigate platinum toxicity in
preclinical models, such as atorvastatin (17).

External beam radiation alone remains the primary modality for early vocal fold
HNSCC. Radiation in combination with platinum or cetuximab is generally administered
for pharyngeal or laryngeal HNSCC. To reduce the well-known toxicity of radiation

to structures in the radiation fields, intensity-modulated radiation therapy (IMRT) has
emerged as the gold standard, administered five times a week for 67 weeks. More
concentrated radiation approaches administered for a shorter duration such as stereotactic
body radiotherapy (SBRT) have been studied (18).
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To date, TKIs alone or in combination with other agents, have not demonstrated improved
outcome compared with standard of care. A number of trials are ongoing to determine the
role of agents that target kinases, which are present and activated in HNSCC.

4.0 Current research goals

In this review we summarize recent preclinical and clinical findings (2018-present) for

all TKls currently under clinical investigation in HNSCC. Table 1 includes all 15 TKls

we investigated, along with their molecular targets and their current stage of clinical
development in HNSCC, including salivary gland tumors, and nasopharyngeal carcinomas.
Figure 1 provides schematic depiction of the site of action of these 15 TKIs in cell signaling
pathways that are key to tumor cell proliferation and survival, suppression of anti-tumor
immunity, and induction of angiogenesis.

5.0 Scientific rationale

HNSCC tumor cells are characterized by hyperproliferation, enhanced resistance to cell
death stimuli, and the capacities to inhibit anti-tumor immunity and promote angiogenesis.
Each of these phenotypic characteristics contributes to the transformed nature of HNSCC
cells and, ultimately, promotes tumor growth and poor clinical outcomes. Notably, each of
these oncogenic phenotypes is strongly driven by signaling via receptor and intracellular
tyrosine kinases in the tumor cells, tumor-associated stromal cells, and endothelial cells.
Thus, there is strong rationale for inhibiting tyrosine kinases in the tumor microenvironment
as a therapeutic approach for treating patients with HNSCC. Indeed, in 2006, cetuximab,

a monoclonal antibody against the RTK HER1 (EGFR), was the first molecular targeting
agent approved by the FDA for use in HNSCC (2).

In addition to antibodies directed against cell surface RTKSs, a large number of small
molecule inhibitors, termed TKIs, of RTKs and cellular tyrosine kinases have been
developed and are currently undergoing clinical evaluation. A subset of these TKIs have
recently, or are currently, undergoing evaluation in HNSCC, alone or in combination with
other agents. As results are generated from both preclinical studies and clinical studies of
these TKIs it is important to evaluate whether these drugs: i) exhibit activity as monotherapy,
ii) enhance the activity of other agents currently used in HNSCC treatment, and iii) are
associated with adverse toxicities when used either alone or in combination with other
agents. This review provides a summary of recent data in HNSCC with emerging TKIs.

6.0 Competitive environment

6.1 Afatinib

Afatinib (Gilotrif) is a pan-EGFR irreversible TKI that targets HER1 (EGFR/ERBB1),
HER2 (ERBB2), and HER4 (ERBB4). Approved for use in HER1 mutant NSCLC, afatinib
has been extensively tested in HNSCC preclinical models and clinical trials. Many studies
have reported the anti-tumor impact of afatinib in HNSCC preclinical models, including
models of drug-resistance (19, 20). However, given the extensive clinical data, we will focus
the discussion on the more recently published clinical trials.
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In a pre-operative window-of-opportunity trial, afatinib was well tolerated and most patients
demonstrated a metabolic response as assessed by FDG-PET scanning (NCT01538381)(21).
Several groups have studied the role of afatinib in the adjuvant setting following surgical
resection with curative intent. In a Phase | trial, afatinib was added to post-operative
radiation therapy, with or without docetaxel (22). The regimen was difficult to tolerate

and unlikely to be advanced. In the Phase Il randomized, double-blind, placebo-controlled
LUX-Head & Neck 2 trial, afatinib did not improve survival and was associated with
adverse events. Therefore, the benefit of afatinib in the adjuvant setting is likely limited.

Fanconi anemia (FA) is a rare genetic disease characterized by a high incidence of HNSCC.
Due to their germline DNA repair defects, patients with FA cannot tolerate standard
chemotherapy. Afatinib showed activity in a FANCA-deficient cancer tumor cell line and

a trial is underway to test the toxicity and efficacy of this agent in FA-HNSCC patients in
Europe (23).

Several studies have investigated afatinib in R/M HNSCC. In the Phase 111 LUX-Head

and Neck 1 trial (LH&N1; NCT01345682), second-line afatinib improved progression-free
survival (PFS) versus methotrexate in patients with R/M HNSCC (24). Similar findings were
observed in Asian HNSCC patients in a separate trial (NCT01856478)(25). In the ALPHA
study (NCT03695510), patients received afatinib in combination with pembrolizumab in
cisplatin-refractory HNSCC, with some evidence of activity to warrant further testing (26).

Afatinib has been incorporated into induction chemotherapy regimens. One group looked at
afatinib in combination with ribavirin, paclitaxel and carboplatin in HPV-positive HNSCC
and reported the combination to be safe and well-tolerated (27).

Overall, afatinib has been extensively studied in HNSCC with many trials still ongoing
(Table 1). To date, it has shown promise as second-line therapy for R/M HNSCC and may be
safe and effective in FA-associated HNSCC.

6.2 Anlotinib

Anlotinib is an orally bioavailable multi-targeted TKI that inhibits VEGFR1-3, FGFR1-4,
c-KIT, and PDGFRs (28-30). Preclinical studies have shown that anlotinib inhibits the
proliferation of tumors cells and HUVECs and is anti-angiogenic (28, 29). Anlotinib has
been evaluated in clinical studies of NSCLC, renal cell carcinoma, thyroid cancer, gastric
cancer, hepatocellular carcinoma, soft tissue sarcoma, esophageal squamous cell carcinoma,
and small cell lung cancer (30). In 2018, the Chinese Food and Drug Administration
approved anlotinib as a third-line therapy for advanced refractory NSCLC. Preclinical
studies of anlotinib in HNSCC cell lines have demonstrated inhibition of cell growth
associated with induction of apoptosis and inhibition of the PI3BK/AKT signaling pathway
(31-33). Treatment of three HNSCC PDX models with anlotinib reduced tumor cell growth
in vivo (31). The combination of anlotinib and pembrolizumab is being investigated in a
Phase II trial of R/M HNSCC (NCT04999800), and as monotherapy in head and neck
adenocarcinomas (NCT04910854)(Table 1). Additionally, it is being investigated in Phase
Il trials in nasopharyngeal carcinoma as monotherapy (NCT03906058), and in combination
with chemotherapy (NCT05232552) or toripalimab (NCT04996748).
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6.3 Axitinib

Axitinib (Inlyta) is an oral TKI that exhibits potent activity against VEGFR1-3, and
reduced activity against PDGFR and c-KIT (34-36). Preclinical studies of axitinib have
demonstrated anti-tumor and anti-angiogenic activity in multiple cancer models. Axitinib
has been approved by the FDA for advanced renal cell carcinoma. Additionally, the
combination of axitinib and pembrolizumab has been approved as first-line therapy for
patients with advanced renal cell carcinoma, and the combination of axitinib and avelumab
has also been approved for use in advanced renal cell carcinoma. A Phase Il trial of
axinitib in patients with nasopharyngeal carcinoma who had progressed on platinum-based
therapy demonstrated a favorable safety profile, with only limited occurrence of grade 3/4
toxicities. Of 37 evaluable patients, the clinical benefit rate (defined as complete response,
partial response, or stable disease for more than 3 months according to RECIST criteria)
was 78.4% after 3 months and 43.2% after 6 months (37). A Phase Il trial of axitinib

in 26 patients with R/M salivary gland carcinomas reported 2 partial responses, 13 with
stable disease, and 11 with progressive disease, and failed to meet the primary endpoint
(38). Swiecicki et al. (39, 40) have reported results of a Phase 11 trial of axitinib in heavily-
pretreated, R/M HNSCC. Of 28 evaluable participants, the median overall survival was
9.8 months, with 70% surviving at 6 months, demonstrating clinical efficacy. Although the
mechanism remains incompletely understood, greater responses were observed in patients
with alterations in components of the PI3K signaling pathway (75% versus 17%). Axitinib is
currently being investigated in Phase 1 trials of HNSCC (NCT02762513) and salivary gland
cancers (NCT02857712)(Table 1).

6.4 Cabozantinib

Cabozantinib (Cabometyx) is an orally bioavailable multi-targeted TKI, which targets
VEGFR2, c-MET, and RET (41-43). In preclinical models representing multiple types of
cancer, cabozantinib has been shown to inhibit migration, tumor growth and angiogenesis,
and metastasis (41, 43). The FDA has approved the use of cabozantinib for previously
untreated advanced renal cell carcinoma, previously treated hepatocellular carcinoma, and
previously treated radioiodine-refractory differentiated thyroid cancer. Additionally, in 2021
FDA approved the combination of cabozanitinib plus nivolumab as first-line therapy

for advanced renal cell carcinoma. A Phase Il single-center study of cabozanitinib in

R/M salivary gland cancer (NCT03729297) was closed prematurely due to cabozanitinib-
associated wound complications particularly in areas of prior irradiation (44). Phase Il

trials in advanced HNSCC of cabozanitinib in combination with nivolumab (NCT05136196)
or cabozanitinib in combination with pembrolizumab (NCT03468218) are ongoing (Table
1). In addition, there are several Phase | trials in HNSCC that incorporate cabozanitinib
(NCT03170960, NCT03667482, NCT04514484).

6.5 Dacomitinib

Dacomitinib (Vizimpro) is a pan-HER (ERRB) inhibitor, whose targets include HER1
(EGFR/ERBB1), HER2 (ERBB?2) and HER4 (ERBB4). It is especially active in the setting
of HER1 (EGFR) tyrosine kinase mutations and is FDA approved for use in NSCLC.
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There are a few reports of the anti-tumor effects of dacomitinib in HNSCC preclinical
models, alone and in combination with other agents and modalities including radiation (45,
46). A Phase | trial of dacomitinib in combination with cisplatin and radiation showed

that the regimen was feasible but the value of adding dacomitinib to standard of care was
unclear (47). Two trials that include dacomitinib are ongoing in HNSCC (NCT04946968,
NCTO00768664)(Table 1). In the meantime, the role of this agent in HNSCC therapy remains
undetermined.

6.6 Dasatinib

Dasatinib (Sprycel) is a multi-target tyrosine kinase inhibitor, whose targets include BCR-
ABL and SRC family kinases (SFKSs), among various cancer kinases. Overexpression/
hyperactivation of SFKs and the crosstalk between EGFR and SFKs in HNSCC has
provided the most compelling rationale to study these agents in this malignancy (48-50).
Many groups have described the anti-tumor impact of dasatinib, alone or in combination
with other agents in HNSCC preclinical models (51-53). Dasatinib alone demonstrated no
activity in a window-of-opportunity trial (48) or in recurrent or metastatic HNSCC (54).

Based on compelling results in our HNSCC preclinical models, we undertook a Phase Il
clinical trial of dasatinib plus cetuximab in cetuximab-resistant HNSCC (55). We found that
serum IL6 levels served as predictive biomarkers to this regimen and the trial was modified
to include serum high IL6 as an additional inclusion criteria.

Without predictive biomarkers, the role of dasatinib for HNSCC therapy remains unknown.

6.7 Dovitinib

Dovitinib is an oral multi-targeted TKI with low nanomolar activity against FLT3, c-KIT,
FGFR1, FGFR3, and VEGFR1-4 (56). A large number of clinical trials incorporating
dovitinib are underway in a variety of hematologic and solid tumor malignancies, and a
new drug application has been submitted for dovitinib as a third-line therapy for renal cell
carcinoma. Preclinical studies in HNSCC have demonstrated dovitinib inhibition of cell
line proliferation, and inhibition of tumor growth concomitant with reduced metastasis to
regional lymph nodes (57-61). Dovitinib is not currently being evaluated in HNSCC.

6.8 Erlotinib

Erlotinib (Tarceva), like gefitinib (Iressa), is a reversible TKI that primarily targets HER1
(EGFR). It has been studied extensively in HNSCC preclinical models and clinical trials.
Both agents block HER1 tyrosine phosphorylation and oncogenic properties such as
proliferation, migration and invasion /n vitro (62). Many studies have explored candidate
predictive biomarkers to erlotinib since HER1 is rarely mutated in HNSCC and expression
levels have not proven to serve as reliable indicators of erlotinib response (63, 64).

Most clinical trials have focused on combination therapy including erlotinib, given the

very modest clinical activity of this agent in unselected HNSCC populations. In a single,
Phase Il study adding erlotinib to cisplatin and docetaxel in recurrent or metastatic HNSCC,
improved response rates compared with historical controls were observed, supporting further
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testing (65). Another group tested the impact of dual HER1 blockade with cetuximab and
erlotinib in combination with the angiogenesis inhibitor bevacizumab in a Phase I trial
which included 10 HNSCC patients and reported that the regimen was well tolerated and
conferred clinical benefit (66). A Phase | study tested the impact of adding erlotinib to an
induction chemotherapy regimen of cisplatin, docetaxel, and 5-FU followed by cisplatin,
bevacizumab and erlotinib with concurrent radiotherapy for advanced HNSCC and reported
that while the regimen was active, excessive toxicity prevented further clinical testing (67).
Another study found no impact of erlotinib on clinical outcomes in a trial comparing
neoadjuvant erlotinib with platinum-docetaxel vs. placebo with platinum-docetaxel in stage
I11-IVB OSCC patients (68). Several studies conducted in India have incorporated erlotinib
into combination oral metranomic chemotherapy regimens with evidence of tolerability and
clinical activity in both the palliative (69) and induction settings (70).

We previously reported an exceptional HNSCC responder to single agent erlotinib linked to
a relatively rare somatic MAPK1 mutation (71). While erlotinib continues to be investigated
in HNSCC and nasopharyngeal carcinoma (Table 1), a clear role for the use of this agent in

the absence of more prevalent predictive biomarkers, remains undetermined.

6.9 Gefitinib

HER1 (EGFR) is amplified and/or overexpressed in the majority of HNSCC tumors.
Gefitinib is one of the first HER1 TKIs to be studied and FDA-approved in HER1-mutant
NSCLC, it has also been extensively studied in HNSCC. In general, gefitinib has been
shown to inhibit HER1 tyrosine phosphorylation and reduce HNSCC proliferation in vitro,
an effect that is enhanced by the addition of chemotherapy (72). The development of drug
resistance has limited the impact of gefitinib in HNSCC and many studies have explored
ways to improve the therapeutic benefits of gefitinib by combining the drug with other
agents, including HDAC inhibitors and Aurora kinase inhibitors (73, 74). However, no
synergistic combinations have advanced to clinical testing.

Despite activity in preclinical models, gefitinib has not demonstrated robust activity in
HNSCC patients, especially as single agent therapy (75). When comparing to methotrexate,
an FDA-approved agent in HNSCC, gefitinib was only marginally better in terms of overall
response and safety (76). Without positive Phase Il clinical trial results, it is unlikely that
gefitinib will prove useful for HNSCC patients.

6.10 Lapatinib

Although HER1 (EGFR/ERBB1) is the most highly overexpressed HER family member

in HNSCC, other HER receptors, including HER2 (ERBB2) are also detected to some
degree in a subset of HNSCCs. Lapatinib (Tykerb) is a reversible TKI that targets both
HER1 and HER2. Lapatinib has been studied in HNSCC preclinical models as well as in
clinical trials. Like other EGFR TKIs, lapatinib has been shown to inhibit EGFR signaling
and demonstrate anti-cancer properties in HNSCC preclinical studies. Drug resistance has
limited clinical development of this agent and several studies have explored mechanisms to
determine more effective combination strategies (77).
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A series of clinical trials have explored the impact of lapatinib delivered in the neoadjuvant
setting, prior to surgery. In one Phase Il trial, HNSCC patients were treated with weekly
carboplatin, paclitaxel, and daily lapatinib for 6 weeks followed by surgical resection. The
regimen was well tolerated with a high response rate (78). A second trial from the same
group of investigators studied a combination of carboplatin, paclitaxel and daily lapatinib
followed by transoral surgery and neck dissection. The regimen was feasible with excellent
survival outcomes (79).

Like the other EGFR TKIs, lapatinib appears to be safe and active in HNSCC although

the precise role of this agent in HNSCC therapy remains unknown. There are three

ongoing Phase I trials in HNSCC that incorporate lapatinib (NCT0171658, NCT01044433,
NCT01612351)(Table 1).

6.11 Lenvatinib

Lenvatinib (Lenvima) is a multi-targeted TKI that inhibits VEGFR1-3, as well as other
RTKSs, including FGFR1-4, c-KIT, PDGFR, and RET (80, 81). The SELECT trial was a
randomized, double-blind Phase 111 investigation of lenvatinib versus placebo in 392 patients
with radioiodine-refractory differentiated thyroid cancer (82, 83). This study demonstrated
that lenvatinib treatment was associated with a substantial increase in PFS relative to
treatment with placebo (p<0.001; median PFS with lenvatinib was 18.3 months versus 3.6
months with placebo). Subsequently the FDA approved lenvatinib for differentiated thyroid
cancer, as well as advanced renal cell carcinoma, and unresectable hepatocellular cancer.
Preclinical studies in mouse models of brain, breast, and pancreatic cancer demonstrating
upregulation of PD-L1 in response to VEGFR inhibition and enhancement of responses
with the combination of VEGFR inhibitors and anti-PD-L1 (84) provided the rationale

for combining lenvatinib with immune checkpoint inhibitors. This led to FDA approval of
lenvatinib in combination with pembrolizumab in endometrial cancer, and as a first-line
treatment for advanced renal cell cancer. The impact of this combination of HNSCC

has recently been reported from the Phase 11 expansion cohort of a Phase IB/II trial of
lenvatinib (20 mg/day)/pembrolizumab (200 mg IV every 3 weeks) in patients with selected
advanced solid tumors (NCT02501096), including HNSCC (85). The overall response rate
for HNSCC at 24 weeks was 36% (8/22), which compares favorably with the overall
response rate for either agent alone. A different trial of 14 HNSCC patients in Taiwan
observed an objective response rate to the lenvatinib/pembrolizumab combination of 28.6%
(86). A Phase Il trial has evaluated lenvatinib in R/M adenoid cystic carcinoma (87). Of

32 evaluable patients, 5 exhibited a partial response and 24 had stable disease. Eighteen
patients discontinued treatment due to lenvatinib-related effects, with the most common
being hypertension and oral pain. Toxicities were considered similar to those previously
observed and required monitoring and management of patients. There are four ongoing
clinical studies in HNSCC that incorporate lenvatinib (Table 1).

6.12 Pazopanib

Pazopanib (Votrient) is an oral multi-targeted TKI that primarily targets VEGFR1-3,
PDGFRa, PDGFB, and ¢c-KIT (88, 89). The anti-tumor effects of pazopanib occur via
inhibition of angiogenesis and inhibition of tumor cell growth (89). The FDA has approved
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pazopanib for use in advanced renal cell carcinoma and advanced soft tissue sarcoma.
Altered liver function and hypertension are relatively common adverse effects and may
result in discontinuation of pazopanib treatment (89). A Phase I trial of pazopanib in
combination with weekly cetuximab in recurrent or metastatic HNSCC did not reach

a maximum tolerated dose and administration of 800 mg/day pazopanib with weekly
cetuximab was determined to be feasible (90). Two of 31 evaluable patients achieved a
complete response and 9 had a partial response. Moreover, 5/18 patients with platinum-
resistant disease and 3/12 with cetuximab-resistant disease exhibited measurable tumor
responses. Pazopanib is currently being evaluated in a Phase I trial in HNSCC in
combination with cetuximab (NCT01716416) and in a Phase Il as monotherapy in salivary
gland carcinomas (NCT02393820)(Table 1).

6.11 Poziotinib

Poziotinib is an irreversible, orally bioavailable TKI that targets HER1 (EGFR), HER2,
and HER4. Poziotinib is structurally similar to afatinib and dacomitinib, but unlike these
inhibitors poziotinib demonstrates activity against mutant HER2 proteins resulting from
exon 20 mutations (91-95). Because mutations in exon 20 of the HERZ gene are relatively
common in lung cancer (~3%), poziotinib represents a promising therapeutic option for
this patient population. Elamin et a/. (96) have reported results from a Phase Il trial

of poziotinib in 30 patients with HERZexon 20-mutant NSCLC, 90% of whom had
received prior platinum-based therapy (NCT03066206). A promising 27% response rate
(via RECIST version 1.1) was observed, along with a 5.5 months median PFS and 15
months median overall survival. Similarly, the ZENITH20-2 multicenter Phase I trial
examined poziotinib in 90 pre-treated patients with NSCLC harboring HERZ exon 20
alterations (NCT03318939). In 90 patients, with a median follow-up of 9 months, the
objective response rate was 27.8% and median PFS was 5.5 months (97). Tumor reduction
was observed in 74% of patients. A new drug application has been submitted to the FDA for
poziotinib in HERZ2 exon 20-mutant NSCLC. A Phase Il study of poziotinib in 49 patients
with heavily pretreated, R/M HNSCC has reported an overall response rate of 22.4%, a
median PFS of 4.0 months, and a median overall survival of 7.6 months (NCT02216916)
(98).

6.12 Sorafenib

Sorafenib (Nexavar) is an orally bioavailable inhibitor of the VEGFR, PDGFR, and c-KIT
tyrosine kinases (99, 100). In addition, sorafenib has the notable distinction of acting

to inhibit the serine/threonine kinases C-RAF and B-RAF, including the V600E B-RAF
activated mutant commonly found in melanoma. Sorafenib has been approved by the FDA
for use in advanced renal cell carcinoma, unresectable hepatocellular cancer, and metastatic
differentiated thyroid cancer. Studies of sorafenib in HNSCC preclinical models have shown
that the agent acts to sensitize cells to radiation or cisplatin (101-103). A study by the
Southwest Oncology Group evaluated sorafenib monotherapy in a Phase 1l setting of
chemotherapy naive patients with recurrent or metastatic HNSCC (104). This trial found
that response rates were low, with one confirmed and two unconfirmed partial responses
among 41 evaluable patients. A different trial of soraftenib in recurrent and/or metastatic
HNSCC observed one patient with a partial response and 12 with stable disease among 23
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evaluable participants (105). Another Phase Il trial in R/M HNSCC found that addition of
sorafenib to cetuximab did not improve clinical benefit (106). An additional study of the
sorafenib/cetuximab combination (NCT00815295) has been completed, and one completed
(NCT02035527) and one ongoing (NCT00494182) trial of sorafenib in combination with
conventional chemotherapy are awaiting publication of results.

6.13 Vandetanib

Vandetanib (Caprelsa) is an oral multi-targeted TKI that inhibits VEGFR-2, HER1 (EGFR),
and RET (107-109). Vandetanib has been approved by the FDA for use in advanced
medullary thyroid cancer. In HNSCC preclinical models vandetanib has been shown to
enhance anti-cancer effects /n vitro and /n vivo when used in combination with cisplatin,
radiation, or photodynamic therapy (110-112). Although a Phase | study of vandetanib
plus radiation in patients with locally advanced HNSCC demonstrated tolerability of the
treatment regimen (113), a study of vandetanib in combination with cisplatin/radiation
(NCT00720083) was terminated early (withdrawal of drug), while a Phase Il study of
vandetanib plus docetaxel (NCT00459043) yielded unremarkable improvement in PFS
(114). A placebo-controlled trial of vandetanib as a chemopreventive agent in patients with
premalignant lesions has recently been completed and awaits publication (NCT01414426).

7.0 Conclusion

To date, clinical investigations of TKls in HNSCC have not yielded substantial
improvements in patient outcomes. This has been particularly true when TKIs have

been evaluated as monotherapy. However, a few encouraging results have been reported,
particularly when TKIls are combined with other agents. For example, positive outcomes
have been observed with: i) afatinib as second-line therapy for R/M HNSCC, ii) afatinib
in combination with pembrolizumab in cisplatin-refractory HNSCC, iii) axitinib in R/M
HNSCC, iv) erlotinib in combination with cisplatin and docetaxel in R/M HNSCC, v)
dasatinib plus cetuximab in cetuximab-resistant HNSCC, vi) erlotinib in combination
with cetuximab and bevacizumab, and vii) lapatinib in combination with carboplatin and
paclitaxel in the neoadjuvant setting. In several trials, addition of TKIs to a standard
regimen led to increased adverse toxicities, highlighting the need for careful monitoring
in combination studies. Overall, the promise of TKIs for HNSCC therapy remains unclear
as most trials have enrolled unselected patient populations with advanced disease. The
identification of biomarkers associated with response to TKIs is lagging, but will allow
selection of patients most likely to benefit from the use of these convenient, and generally
well-tolerated, molecular targeting agents.

8.0 Expert opinion

Despite the strong rationale for inhibition of tyrosine kinases in cancer therapy, and
considerable preclinical data demonstrating TKI inhibition of HNSCC tumor growth, results
from clinical studies have, largely, been disappointing. No TKIs, including both single-target
TKIs and multi-targeted TKIs, have been approved by the FDA for treatment of HNSCC.

It is important to acknowledge limitations to current preclinical models. Findings using

cell line models are seldom good predictors of response in clinical trials and cell-line
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derived xenograft tumors have the same potential for having diverged substantially from
the genetics/phenotype of the original primary tumor. The use of patient-derived xenograft
(PDX) models, where tumor specimens from the patient are directly implanted into mice,
are better avatars of the primary tumor and more preclinical studies should be focused on
these models. However, PDX models are grown in immunodeficient mice, thereby lacking
an important determinant of tumor growth and response to anti-cancer agents. Organoid
models that incorporate immune components may provide an advantage in this regard. The
availability of genetically engineered mouse models of HNSCC is very limited, and these
models, unlike human HNSCC, are genetically homogenous and live in carefully controlled
environments. Models of spontaneously arising HNSCC may prove more representative

of human HNSCC, but such models are rare. However, one such model is found in
household cats, where oral squamous cell carcinoma (ie. HNSCC) occurs frequently and
closely mimics the genetics and histology of human HNSCC (115-127). Feline HNSCC is
highly lethal, with no effective therapy. We recommend that clinical trials involving pet cats
with HNSCC be done in collaboration with academic centers with veterinary oncology and
clinical trials expertise with companion animals.

Another major deficiency in the clinical evaluation of TKIs in HNSCC is that trials are,
largely, conducted with unselected patient populations. Preclinical and clinical/translational
studies are desperately needed to identify biomarkers that will point to patient populations
most likely to respond to TKIs. It is noteworthy that Swiecicki et a/. (40) observed a
markedly higher response to axitinib in patients with alterations in PI3K signaling pathway
components, and Stabile ef a/. (55) found that the response to dasatinib plus cetuximab

is associated with serum levels of IL6. We strongly recommend that clinical trials of

TKIs incorporate rigorous correlative studies that analyze specimens taken before and after
treatment, as a means of investigating candidate biomarkers. Since RTKs signal via the
RAS/RAF/MEK/ERK, PI3BK/AKT/mTOR, and STAT3 signaling pathways we recommend
that activation of these pathways be examined at both the protein and genetic levels.
Particular care should be taken to analyze specimens from exceptionally responding patients,
as was the case in identifying a mutant MAPKZ1 protein in an exceptional responder to
single-agent erlotinib.

Finally, it is notable that afatinib, and potentially other TKIs, may exhibit activity in FA-
associated HNSCC (23). Individuals with FA are at a greater than 500-fold elevated risk of
developing HNSCC relative to the general population, and cannot tolerate DNA damaging
agents (128). The development of HNSCC in FA patients is uniformly fatal. It is unclear
whether FA-HNSCC is markedly distinct from the sporadic HNSCC that occurs in non-FA
patients, but the potential utility of TKIs in this patient population would provide a dramatic
positive step in the treatment of these individuals.

This work was supported by the following grants: NIH R35CA231998 (JR Grandis), RO1DE023685 (JR Grandis
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Table 1.
TKIs in HNSCC Clinical Trials
Compound Company Monotherapy or Indication Stage of Clinical Molecular target(s)
combination development trial NCT#
agent
Afatinib Boehringer Pembrolizumab HNSCC Phase 2 03695510 HER1 (EGFR), HER2,
Ingelheim HER4
Cetuximab HNSCC Phase 2 02979977
Monotherapy HNSCC Phase 3 02131155
Monotherapy HNSCC Phase 3 01856478
Radiation HNSCC Phase 1 01783587
Monotherapy HNSCC Phase 3 01427478
Monotherapy HNSCC Phase 2 01415674
Monotherapy HNSCC Phase 2 03088059
Anlotinib Jiangsu Chia- Chemoradiation HNSCC Phase 4 04507035 VEGFR1-3, FGFR1-4,
Tai Tianging PDGFR, ¢-KIT
Pharma Pembrolizumab HNSCC Phase 2 04999800
Monotherapy Head and neck Phase 2 04910854
adenocarcinomas
Chemoradiation Nasophar-yngeal Phase 2 05232552
carcinoma
Toripalimab Nasophar-yngeal Phase 2 04996758
carcinoma
Monotherapy Nasophar-yngeal Phase 2 03906058
carcinoma
Axitinib Pfizer Monotherapy HNSCC Phase 2 02762513 VEGFR1-3, PDGFR,
c-KIT
Monotherapy Salivary gland Phase 2 02857712
cancers
Cabozantinib | Excelixis Nivolumab HNSCC & Phase 2 05136196 VEGFR2, RET, c-MET,
melanoma
Atezoluzumab Solid tumors Phase 1/2 03170960
(HNSCC)
Pembrolizumab HNSCC Phase 2 03468218
Cetuximab HNSCC Phase 1 03667482
Nivolumab Advanced cancers Phase 1 04514484
(HNSCC)
Dacomitinib Pfizer Monotherapy HNSCC Phase 2 00768664 HER1 (EGFR), HER2,
HER4
Monotherapy Solid tumors Phase 2 04946968
(HNSCC)
Dasatinib Bristol-Myers Monotherapy Solid tumors Phase 2 02465060 BCR-ABL, SRC family
Squibb (HNSCC), multiple kinases
myeloma, lymphoma
Erlotinib Genentech Monotherapy HNSCC Phase 1 00954226 HER1 (EGFR)
Monotherapy HNSCC Phase 2 00076310
+/- chemotherapy | HNSCC Phase 2 01927744
Monotherapy HNSCC Phase 1 00079053
+/- celecoxib HNSCC Phase 2 02748707
Chemoradiation HNSCC Phase 3 00442455
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Compound Company M onotherapy or Indication Stage of Clinical Molecular target(s)
combination development trial NCT#
agent
Monotherapy HNSCC (oral Phase 3 00402779
cancer)
Chemotherapy HNSCC Phase 2 01064479
Chemotherapy Nasophar-yngeal Phase 2 00603915
carcinoma
Gefitinib Astra Zeneca Chemoradiation HNSCC Phase 2 01185171 HER1 (EGFR)
Lapatinib GSK Chemotherapy HNSCC Phase 2 01711658 HER1 (EGFR), HER2
Capecitabine HNSCC Phase 2 01044433
Chemotherapy HNSCC Phase 2 01612351
Lenvatinib Easai Gl-101 Solid tumors Phase 1/2 04977453 VEGFR1-3, FGFR1-4,
(HNSCC) ¢-KIT, PDGFR, RET
Cetuximab HNSCC, cutaneous Phase 1 03524326
squamous cell
carcinoma
Pembrolizumab HNSCC Phase 3 04199104
+/- HNSCC Phase 2 04428151
pembrolizumab
Pazopanib GSK Cetuximab HNSCC Phase 1 01716416 VEGFR1-3, PDGFR,
FGFR,c-KIT
Monotherapy Salivary gland Phase 2 02393820
carcinoma
Poziotinib Hanmi Monotherapy HNSCC, esophageal | Phase 2 03292250 HER1(EGFR), HER?2,
SCC HER4
Sorafenib Onyx Chemotherapy HNSCC Phase 2 00494182 VEGFR2, VEGFR4,
PDGFR, ¢-KIT, C-
RAF, B-RAF
Vandetanib Astra-Zeneca Monotherapy Precancer-ous H&N Phase 2 01414426 HER1 (EGFR),

lesions

VEGFR2, RET
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