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April 28, 2019

Abstract

Introduction: Despite advances in treatment, head and neck squamous cell carcinoma (HNSCC) 

survival rates remain stagnant. Current treatment is associated with significant toxicities and 

includes chemotherapy, radiation, surgery and few targeted treatments. Targeted treatments, 

epidermal growth factor receptor (EGFR)-targeted agent, cetuximab, and immune checkpoint 

inhibitors, pembrolizumab and nivolumab, show improved toxicity profiles and modestly 

improved survival in select patients. An urgent need remains to identify novel targeted treatments 

for single-agent or combined therapy use.

Areas covered: Multitargeted kinase inhibitors are small molecule inhibitors with limited 

toxicity. This review will focus on early-stage investigations of multitargeted tyrosine kinase 

inhibitors (m-TKIs) (those that target at least two tyrosine kinases) for HNSCC. Preclinical and 

early trials investigating m-TKIs for various disease settings of HNSCC will be evaluated for 

efficacy, identification of significant biomarkers and potential for combination therapy.

Expert opinion: Few single agent m-TKIs have demonstrated efficacy in unselected HNSCC 

populations. The most promising clinical results have been obtained when m-TKIs are tested in 

combination with other therapies, including immunotherapy, or in mutation-defined subgroups of 

patients. The future success of m-TKIs will rely on identification, in preclinical models and 

clinical trials, of predictive biomarkers of response and mechanisms of innate and acquired 

resistance.
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1. Background

Head and neck squamous cell carcinoma (HNSCC) encompasses a broad array of neoplasms 

originating from the oral cavity, pharynx and larynx. The majority, > 90%, of HNSCC 

originate in the squamous epithelium of the upper aerodigestive tract [1]. Head and neck 

squamous cell carcinoma is the sixth most common cancer by incidence and accounts for 

5.0% of worldwide cancers. Further, the incidence of this cancer is increasing in developed 

countries with 63,000 new cases reported annually in the US [2].
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HNSCC is associated with various environmental and lifestyle risk factors such as tobacco 

and alcohol use, as well as more recently, human papilloma virus (HPV)-linked 

oropharyngeal cancers [3]. Most patients with HNSCC present with locally advanced, stage 

III or IV disease. Standard treatment for early stage HNSCC is radiation or surgery. Therapy 

for advanced staged disease generally includes a combination of surgery, radiation and 

chemotherapy [4]. Considerable treatment-related morbidities are associated with this multi-

modal approach, and 5-year survival rates are approximately 60% [5].

There has been a major effort in the past few decades to develop more targeted therapies for 

HNSCC treatment, with a total of three agents being approved since 2006 (the EGFR 

monoclonal antibody cetuximab, and the PD-1 immune checkpoint inhibitors 

pembrolizumab and nivolumab). Activation of numerous signaling pathways has been 

implicated in HNSCC cell survival, proliferation, angiogenesis, and/or inflammation, and 

various molecules in these pathways have emerged as potential drug targets. Molecular 

targeting agents currently under clinical investigation in head and neck cancer include novel 

EGFR monoclonal antibodies, HER3 (human EGFR receptor 3) monoclonal antibodies, 

serine/threonine-specific protein kinase inhibitors, cyclin-dependent kinase inhibitors and 

tyrosine kinase inhibitors (TKIs) [6].

TKIs refer to small molecule drugs that target a variety of tyrosine kinase receptors, such as 

EGFR, platelet-derived growth factor receptor (PDGFR), fibroblast growth factor receptor 

(FGFR), vascular endothelial growth factor receptor (VEGFR), c-KIT, RET and c-MET, 

whose downstream pathways are collectively implicated in tumorigenesis [7]. Additional 

targets include non-receptor tyrosine kinases such as BCR-ABL and SRC, as well as serine-

threonine kinases such as RAF/MEK (Figure 1). Identification of diverse mutational profiles 

in HNSCCs as well as intrinsic and acquired resistance to current treatments has led to an 

increased interest in investigation of TKIs that target more than one tyrosine kinase, known 

as multi-target tyrosine kinase inhibitors (m-TKIs). For the purpose of this review, tyrosine 

kinase inhibitors with significant pharmacokinetic activity against at least two tyrosine 

kinases, currently in early stages of development were included. Drugs targeting other 

cellular kinases or drugs in development for solid tumors other than HNSCC were excluded.

This review will focus on current developments in clinical investigation of multi-targeted 

kinase inhibitors for the treatment of head and neck cancer, with a focus on preclinical and 

clinical phase I and II trials that have been completed or are currently active/recruiting.

2. Existing treatments

2.1 Conventional treatment

Agents currently approved by the US Food and Drug Administration (FDA) for the 

treatment of head and neck cancer include conventional chemotherapy drugs including 

cisplatin, methotrexate, 5-flurouracil [5-FU], bleomycin and docetaxel, as well as a small 

number of targeted molecular therapies. Current standard of care for patients with locally 

advanced (LA) HNSCC is concomitant platinum-based chemoradiotherapy (CRT) or surgery 

followed by adjuvant radiation or chemoradiation. For patients with recurrent and/or 

metastatic (R/M) HNSCC, platinum-based chemotherapy plus 5-FU has a response rate 
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(RR) of 30–40% and median survival of 6–9 months [8]. However, these cytotoxic 

chemotherapy drugs are non-specific and are accompanied by treatment-associated toxicity. 

Patients with platinum-resistant disease have few options and very poor prognosis with 

second-line therapies [9].

2.2 Approved targeting treatments in head and neck cancer

There are few FDA approved molecular targeting agents available to treat HNSCC. They 

include only cetuximab, an epidermal growth factor receptor (EGFR) inhibitor [10], and, 

more recently, nivolumab and pembrolizumab, inhibitors of PD-1 [11,12]. Cetuximab, a 

monoclonal antibody, was approved by the FDA in 2006 and was the first newly approved 

drug for use in HNSCC in decades. Cetuximab is approved in combination with radiation for 

LA disease, in combination with platinum-based chemotherapy and 5-FU for first-line 

treatment of R/M HNSCC and as a monotherapy for R/M disease after failed platinum-based 

chemotherapy [10, 13,14]. Nivolumab, a monoclonal antibody that inhibits the interaction of 

the immune checkpoint receptor PD-1 with its ligands PD-L1 and PD-L2, has been approved 

as a single-agent in recurrent HNSCC following failure of platinum-based chemotherapy 

[11]. Similarly, pembrolizumab, a monoclonal antibody with the same target as nivolumab, 

has been approved as a monotherapy in R/M HNSCC following failure of platinum-based 

chemotherapy [12, 15].

2.3 Tyrosine kinase inhibitors

Tyrosine kinases are a subset of protein kinases. Receptor tyrosine kinases contain an 

extracellular ligand-binding domain and cytoplasmic tyrosine kinase, signal-generating 

region. Upon binding of growth factors and other ligands, receptor tyrosine kinases undergo 

receptor dimerization, leading to transfer a phosphate group from ATP to an intracellular 

protein and downstream signaling [16]. Tyrosine kinase inhibitors are small, orally available 

molecules which are able to pass through the cell membrane and compete with the ATP 

binding site of various onocogenic tyrosine kinases [17]. Many tyrosine kinase inhibitors 

have affinity for more than one tyrosine kinase binding site [18–20].

Tyrosine kinase inhibitors have become one of the most important classes of targeting agents 

in cancer treatment. Over the past 3 decades, the FDA has approved a total of 42 kinase 

inhibitors for use in the treatment of various malignancies [21]. Unlike conventional 

therapies which do not discriminate between rapidly dividing cells and cancer cells, TKIs 

have a higher selectivity against tumor cells, thereby minimizing toxicities. Most TKIs are 

active against multiple targets at clinical doses; however, a small subset is specific for a 

single target such as erlotinib and gefitinib, which solely inhibit EGFR [22].

Given the critical biological functions that kinases perform in the cell and the frequency of 

kinase mutations in cancers, TKIs have become an intensively investigated group of drugs. 

In numerous cancers TKIs have been shown to stabilize tumor progression, have minimal 

side effects compared to cytotoxic CRT and exhibit synergistic effects in vitro when 

combined with radiation and chemotherapy [23, 24]. Furthermore, TKIs are low molecular 

weight compounds that can be given orally and are well absorbed across the gastrointestinal 

tract [25].
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TKIs have been approved by the FDA for the treatment of various hematologic and 

lymphoid malignancies such as ALL, AML, CLL, CML, mantle cell lymphoma, marginal 

zone lymphoma and polycythemia vera. They have also been approved for treatment of 

various solid malignancies such as breast, differentiated hepatocellular, thyroid, pancreatic 

and colorectal cancer, NSCLC, melanoma, renal cell carcinoma and soft tissue sarcomas. 

Many of these FDA approved TKIs are being studied in HNSCC (Table 1). To date, no 

TKIs, single or multi-targeted, have been approved for use in the treatment of head and neck 

cancer; however, there are a number of currently active phase I and II clinical trials testing 

m-TKIs for HNSCC in various treatment settings (Table 2).

3. Scientific rationale

3.1 Current challenges in therapy

Despite advances in multimodal HNSCC treatments, including targeted therapies, survival 

rates have remained unchanged. One of the major challenges in HNSCC treatment and a key 

contributor to the stagnation of survival rates is drug resistance. Intrinsic resistance occurs 

when cancer cells are inherently insensitive to a treatment, while acquired resistance occurs 

when treated cancer cells become insensitive following treatment. While platinum-based 

chemotherapy represents first-line treatment for HNSCC, chemoresistance greatly limits the 

effectiveness of these and other therapies [26]. With respect to cetuximab therapy, EGFR is 

upregulated in early stages of HNSCC pathogenesis, and approximately 90% of HNSCC 

tumors have widespread EGFR expression [27, 28]. However, despite ubiquitous EGFR 

expression, the objective response (OR) to cetuximab treatment in R/M HNSCC patients 

with platinum-resistant disease is only 13% [13]. The effective treatment of only a subset of 

patients with cetuximab has largely been attributed to widespread resistance mechanisms 

and the paucity of predictive biomarkers to guide therapy. In addition, an interim analysis of 

a phase III trial investigating side effects and long-term quality of life in HPV+ 

oropharyngeal cancer patients found that cetuximab and radiation was associated with 

decreased overall and progression-free survival versus cisplatin and radiation [29].

3.2 Potential role for m-TKIs in HNSCC treatment

As the understanding of the genetic and proteomic landscape of HNSCC increases, there has 

been an accompanying expansion in the identification of potential new drug targets. Of 

particular interest are molecules involved in intrinsic and acquired resistance, especially in 

the context of cetuximab treatment [30]. Various groups have shown that upregulation and 

activation of multiple receptor tyrosine kinases (RTK) results in resistance to cetuximab in 

HNSCC [28–33]. Increased activation of multiple tyrosine kinases enables tumor cells to 

proliferate in the face of selective pressure from a targeted drug treatment such as cetuximab. 

Examples of RTKs that have been implicated in resistance pathways include HER2, HER3, 

VEGF and MET. Targeting the activity of one or more of these RTKs leads to improved anti-

tumor effects of cetuximab-containing regimens [34–37]. Because of their broad activity 

profiles and action against various key tyrosine kinases, m-TKIs have the potential to 

overcome these resistance pathways and enhance the effects of current treatments.
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4. Competitive environment

4.1 Single-target TKIs

There are a several ongoing clinical trials investigating TKI clinical safety and efficacy in 

HNSCC. Single-target TKIs, such as gefitinib and erlotinib, have not been shown to be 

clinically effective in the treatment of unselected HNSCC patients. Gefitinib, an EGFR TKI, 

is approved for use in non-small cell lung cancer (NSCLC) [38]; however, a phase III trial 

comparing gefitinib versus intravenous (IV) methotrexate showed no significant 

improvement in overall survival (NCT00206219) [39]. A second phase III trial compared 

gefitinib with placebo in previously treated advanced oesophageal cancer and also reported 

no difference in median survival (NCT01243398) [40]. Erlotinib, another single-target 

EGFR TKI was approved for use in NSCLC and pancreatic cancer. A phase II trial showed 

that erlotinib in combination with cisplatin and radiotherapy did not result in improved 

response rate and progression-free survival (PFS) in HNSCC [41], though no further clinical 

trials have been conducted. To date, EGFR tyrosine kinase inhibition has generally been 

associated with low response rates compared to standard of care, primarily due to the lack of 

predictive biomarkers to identify HNSCC patients who are most likely to respond.

4.2 EGFR targeting agents

Agents with activity against multiple EGFR receptors are the most extensively studied group 

of m-TKIs in HNSCC. Both lapatinib, a reversible EGFR (HER1) and HER2 inhibitor, and 

afatinib, an irreversible pan-HER inhibitor, have undergone phase III testing in HNSCC. 

Poziotinib, another irreversible pan-HER inhibitor, is approved for the treatment of non-

small cell lung cancer with S768 mutations, and has also reached phase II clinical testing.

Lapatinib has been extensively studied in HNSCC. In 2010, lapatinib was approved for first-

line combination treatment of metastatic, HER2-positive breast cancer and continues to be 

tested in HNSCC clinical trials. Lapatinib has been tested as a substitute for cetuximab since 

evidence suggests that HNSCC overexpression of HER2 may lead to greater activity of 

lapatinib versus cetuximab; however, in a phase II trial testing lapatinib for HNSCC, only 

two patients were HER+ and neither of these patients responded to treatment. [42]. A phase 

III trial combining lapatinib with chemoradiation in patients with high-risk features after 

surgical treatment of stage III/IV HNSCC showed no benefit and demonstrated additional 

toxicity compared to placebo (NCT00424255) [43]. A recent phase II trial tested lapatinib 

and capecitabine, an oral pro-drug of 5-FU, in R/M HNSCC and met its primary objective of 

survival comparable to the combination of cisplatin, 5-FU and cetuximab while maintaining 

a tolerable toxicity profile (NCT01044433) [42]. A second phase II trial conducted by the 

same group tested induction therapy with lapatinib in combination with carboplatin and 

paclitaxel prior to transoral surgery, followed by risk-adapted adjuvant therapy. This 

combination therapy yielded high response rates and excellent long-term outcomes with no 

patients recurring or dying on study follow-up, and 29 of 39 surgical patients avoiding post-

operative radiation [44]. An ongoing randomized, placebo-controlled phase II trial of 142 

patients comparing radiation therapy with cisplatin versus radiation therapy with cisplatin 

and lapatinib in non-HPV LA HNSCC may provide more insights into the use of lapatinib 

concurrently with radiation (NCT01711658).
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Afatinib, an ErbB family inhibitor, is also being actively studied as a potential therapy in 

HNSCC. Afatinib has demonstrated clinical activity in EGFR-mutated lung cancer, and 

preclinical data suggests afatinib is more effective than the TKIs lapatinib, erlotinib, and 

neratinib in HN5 xenografts [45]. There are five currently active phase I/II trials and one 

active phase III trial testing afatinib in various treatment combinations for HNSCC. Clinical 

trials involving afatinib have focused on the identification of predictive biomarkers in both 

treatment and analysis stages (Table 3). A phase II study testing afatinib in the neoadjuvant 

setting showed only partial response according to the Response Evaluation Criteria in Solid 

Tumors (RECIST)v1.1; however, this study identified the Cluster3-hypoxia gene signature 

and TP53 status as potential predictive biomarkers of ErbB family inhibitors [46]. In 

addition, a phase III trial completed in 2016 identified subgroups of patients who may 

achieve increased benefit from afatinib based on prespecified tumor biomarkers (p16-

negative, EGFR-amplified, HER3-low, PTEN-high). Of 326 sub-group selected patients, 

median progression free survival was increased in afatinib over methotrexate in patients with 

p16-negative [2.7 versus 1.6 months; HR 0.70 (95% CI 0.50–0.97)], EGFR-amplified [2.8 

versus 1.5 months; HR 0.53 (0.33–0.85)], HER3-low [2.8 versus 1.8 months; HR 0.57 (0.37–

0.88)], and PTEN-high [1.6 versus 1.4 months; HR 0.55 (0.29–1.05)] tumors [47]. Based on 

these findings, an ongoing biomarker-based study (UPSTREAM: NCT03088059) is testing 

the effects of afatinib versus the standard of care in R/M HNSCC patients who are p16-

negative and either cetuximab naïve or who have high PTEN or a HER2 mutation/

amplification (NCT03088059). Afatinib has demonstrated comparable efficacy to 

cetuximab, improved outcomes compared with IV methotrexate in HNSCC refractory to 

first-line platinum-based therapy, and improved preoperative response according to 

RECIST1.1 versus placebo [48]. Other ongoing phase I/II trials include testing afatinib 

versus placebo in untreated, non-metastatic HNSCC (NCT01824823), afatinib in 

combination with cetuximab for R/M HNSCC previously treated with platinum-based 

regimen or immune checkpoint inhibitor, with exploratory biomarker analysis of pre- and 

post-treatment tumor biopsies (NCT02979977), and afatinib with radiation versus 

chemotherapy and radiation in high risk HNSCC (NCT01783587). Another currently active 

phase II trial will test various targeted therapies, including afatinib, sunitinib and dasatinib, 

for patients with advanced, refractory solid tumors, including HNSCC (NCT02465060). 

Patients with EGFR or HER2 activating mutations will be included in the afatinib treatment 

group. A phase I/II study testing afatinib in combination with carboplatin and paclitaxel 

induction chemotherapy was terminated due to low accrual and high toxicity 

(NCT01732640).

4.3 Potential radiosensitizers

Radioresistance in HNSCC cells occurs via a variety of mechanisms, including upregulation 

of MAPK, PI3K and VEGF, a strong regulator of angiogenesis. Sunitinib, sorafenib and 

vandetanib are orally available m-TKIs, which are potentially effective in combination with 

radiotherapy.

Sorafenib is an inhibitor of VEGFR and PDGFR as well as intracellular serine/threonine 

kinases (Raf-1, B-Raf) [49]. Sorafenib was approved by the FDA in 2017 for use in 

hepatocellular carcinoma (HCC) after it demonstrated single-agent efficacy in patients with 
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advanced HCC versus placebo [50]. Sorafenib is also a first-line treatment for metastatic 

renal cell carcinoma and was approved for treatment of radioiodine-resistant metastatic 

differentiated thyroid cancer (DTC) in 2014. Preclinical data suggests that sorafenib 

treatment prior to irradiation of HNSCC cell lines increases radiosensitivity by blocking the 

repair of DNA double-strand breaks and decreasing clonogenic survival [51,52]. An early 

phase II clinical trial showed tolerability but poor response (less than 20% confirmed RR) of 

single-agent sorafenib administered to chemotherapy naïve, advanced and metastatic 

HNSCC patients [53]. An attempt to combine sorafenib with radiation led to a dose 

escalation trial of neoadjuvant sorafenib and concurrent sorafenib, cisplatin and radiation 

(NCT00627835). However, this trial was withdrawn after the site decided to not open the 

study. Another Phase II trial combining sorafenib and cetuximab treatment showed only 

modest response and no clinical benefit of sorafenib plus cetuximab versus single-agent 

cetuximab in R/M HNSCC [54]. Despite the low efficacy of sorafenib as a single agent or in 

combination with cetuximab, a recent phase II clinical trial is testing sorafenib in 

combination with various chemotherapeutic agents. An active phase II trial is combining 

sorafenib with carboplatin, a platinum-based agent, and paclitaxel, a taxane, in patients with 

R/M HNSCC (NCT00494182), with results pending.

Sunitinib.—While no completed study has tested sorafenib with radiotherapy, trials have 

tested sunitinib (SU11248), a similar m-TKI, in combination with radiotherapy and as a 

single agent in HNSCC treatment. Sunitinib is a VEGFR, PDGFR, FLT3 and c-KIT 

inhibitor [55], which, similar to sorafenib, has garnered interest in HNSCC treatment for its 

anti-angiogenic effects. Sunitinib was shown to attenuate radioresistance of two different 

HNSCC cell lines in vitro, presumably through blockade of downstream ERK activation 

[52]. There is significant preclinical evidence that sunitinib induces transient vascular 

normalization in solid tumors, improving tumor oxygenation, which is known to increase 

radiotherapy sensitivity [56,57]. An early phase IB trial combining sunitinib with external 

beam radiation therapy (EBRT) for head and neck cancer, pelvic cancer, nervous system 

neoplasms and thoracic neoplasms yielded acceptable toxicities and adverse events 

(NCT00437372). However, a follow-up phase II clinical trial completed in 2010 found 

sunitinib to show low single-agent activity in R/M HNSCC, necessitating early closure of 

the study (NCT00387335) [58]. A similar study was terminated due to frequent grade 3–4 

toxicities with single-agent sunitinib treatment of R/M HNSCC (NCT00408252). Preclinical 

data suggests that combining sunitinib and cetuximab treatment in an orthotopic head and 

neck cancer model leads to an additive decrease in tumor growth, while the addition of 

radiation completely abolished tumor growth [59]. As a result, a phase I trial was conducted 

treating LA/R HNSCC patients with a combination of sunitinib, cetuximab and radiation 

therapy (NCT00906360). This trial was terminated suggesting that the use of sunitinib in 

combination with radiotherapy is likely limited by toxicities.

Vandetanib.—Another potential radiosensitizer is vandetanib, an EGFR, VEGFR and RET 

inhibitor FDA approved for medullary thyroid cancer. In preclinical testing, vandetanib with 

cisplatin radiosensitized human HNSCC cells in vitro and in vivo. A combination of 

vandetanib, cisplatin and radiation was superior to other treatments in antitumoral effects, 

prolonged survival and decreased lymph node metastases in orthotopic, nude mice model 
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xenografts [60]. Another in vitro, human tumor xenograft experiment showed that a 

clinically relevant dose of vandetanib leads to enhanced antitumor effects of radiation by 

inhibition of both EGFR and VEGFR signaling [61]. A phase I study determined tolerability 

(only 5 of 30 patients were discontinued due to adverse events) of vandetanib in combination 

with radiotherapy with or without cisplatin in patients with previously untreated, locally 

advanced HNSCC [62]. However, no further phase II testing has been attempted. Phase II 

trials testing vandetanib in other contexts have not shown enough clinical activity to warrant 

further investigation. A trial testing vandetanib with docetaxel for R/M HNSCC showed only 

marginal improvement of PFS (NCT00459043) [63], while another trial testing vandetanib 

with conventional chemotherapy was terminated due to withdrawal of the drug supply 

(NCT00720083).

4.4 Potent anti-angiogenesis agents

Other anti-angiogenic TKIs, which target VEGFR but have not been shown in preclinical 

models to be radiosensitizers include lenvatinib, nintedanib and axitinib. Cumulative 

evidence suggests that concomitant targeting of VEGFR and the EGFR signaling pathway 

has the potential to circumvent acquired resistance to EGFR inhibitors such as cetuximab 

[64,65].

Lenvatinib.—A pan-VEGFR inhibitor, lenvatinib, which is approved for treatment of 

hepatocellular carcinoma, is being tested in two different clinical trials for HNSCC. Based 

on the potential role of VEGFR signaling in EGFR resistance, a phase I study with 16 

participants is being conducted to determine the maximum tolerated dose of lenvatinib when 

combined with cetuximab (NCT03524326). In addition, cumulative evidence suggests that 

angiogenesis and immunosuppression occur simultaneously in various solid tumors [66]. 

Preclinical, in vivo studies in pancreatic, breast and brain cancer mouse models have shown 

that VEGFR blockade leads to PD-L1 over-expression and anti-PD-L1 therapy sustains 

response to VEGFR blockade [67]. Lenvatinib is the only VEGFR targeted m-TKI being 

tested in combination with an immune targeting drug. KEYNOTE-146, is multicenter, open-

label basket phase I/Ib trial evaluating lenvatinib (20 mg/d) in combination with PD-1 

inhibitor pembrolizumab (200 mg every 3 weeks) in patients with select solid tumors 

including RCC, endometrial carcinoma, NSCLC, urothelial cancer, melanoma and HNSCC 

(NCT02501096). Based on preliminary results, the FDA has approved Breakthrough 

Therapy designation for lenvatinib with pembrolizumab for advanced/metastatic endometrial 

carcinoma and advanced RCC. For HNSCC, preliminary results showed an objective RR of 

40.9% (9 of 22 patients) and a median PFS of 8.2 months [68]. This is an improvement from 

a response rate of 15–18% for pembrolizumab monotherapy and a response rate of less than 

10% for lenvatinib monotherapy [14].

Nintedanib, a VEGFR, FGFR and PDGFR inhibitor, is being studied in patients with 

salivary gland tumors, which account for <5% of HNSCCs [69]. Nintedanib has been 

explored as a potent anti-angiogenic drug and was approved for NSCLC as well as a rare 

lung condition, idiopathic pulmonary fibrosis (Table 1). Preclinical data showed that in 

various human solid tumor xenografts, nintedanib (50–100 mg/kg) has anti-tumor efficacy, 

delays or eliminates tumor growth, and reduces vessel density and vessel integrity after 5 
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days of exposure [70]. An open-label, multicenter phase II trial was conducted in South 

Korea with 20 R/M salivary gland cancer patients. Nintedanib was found to have an 

acceptable toxicity profile, and while it did not yield a partial response, it achieved a disease-

control rate of 75% and 6-month PFS of 60%, warranting further investigation 

(NCT02558387) [71]. An ongoing phase II trial, the Translational biomarker Driven 

Umbrella Project for Head and Neck (TRIUMPH), is being conducted by the same group 

(NCT03292250). This umbrella trial is centrally screening HNSCC patients following 

platinum-based chemotherapy and assigning patients to a molecularly defined sub-trial with 

matched target agents. Following next-generation sequencing (NGS), patients are assigned 

to an EGFR/HER2 inhibitor – poziotinib, FGFR inhibitor – nintedanib, PI3K inhibitor – 

BYL719, cell cycle (CDK4/6) inhibitor – abemaciclib, or anti PD1/PD-L1 – durvalumab +/ 

tremelimumab group. A total of 259 patients are enrolled, with an estimated study 

completion date of 2020.

Axitinib.—Axitinib is a VEGFR1–3, PDGFRβ and c-KIT inhibitor which has been 

approved for the treatment of renal cell carcinoma. It is a highly selective and potent 

inhibitor of VEGFR’s, especially when compared to other anti-angiogenic m-TKIs such as 

sunitinib and sorafenib which have a broader spectrum of targets [72]. A phase II trial in 

patients with heavily pre-treated R/M HNSCC showed that single-agent axitinib is well-

tolerated with no severe bleeding events, although only 19 patients achieved full planned 

dose since 73% of patients discontinued due to disease progression [73]. The overall 

response rate was 6.7% (two partial responses) with a median PFS of 3.7 months and 

median overall survival of 10.2 months. Analysis of cytokines in treated patients revealed 

that a persistent increase in IL-8 was seen in all patients with no response to axitinib, 

suggesting a possible immune-mediated resistance. Given the favorable median survival 

versus conventional chemotherapy, an expansion trial of this study is currently ongoing 

(NCT02762513).

4.5 BCR-ABL targeting agents

The m-TKIs imatinib, dasatinib, nilotinib and ponatinib target the BCR-ABL (breakpoint 

cluster region-Abelson murine leukemia viral oncogene homolog 1) protein, along with 

other tyrosine kinases. The t(9;22) translocation, known as the Philadelphia chromosome, 

encodes an unregulated tyrosine kinase, the BCR-ABL oncogene, that promotes cell 

proliferation and apoptosis avoidance through downstream activation of the RAS/MAPK, 

PI3K/AKT and JAK/STAT. This BCR-ABL translocation is observed in 95% of patients 

with chronic myelogenous leukemia (CML) [74]. Imatinib, dasatinib, nilotinib and ponatinib 

have been approved for CML and other leukemias and are currently being investigated for 

HNSCC (Table I).

Imatinib.—While the clinical efficacy of imatinib for CML depends on its activity against 

BCR-ABL, its primary target in some HNSCCs is c-KIT, a commonly over-expressed RTK 

in specific head and neck neoplasms such as adenoid cystic carcinoma (ACC) [75]. Evidence 

of c-KIT overexpression in human ACC tumor specimens led to a phase II clinical trial 

testing single-agent imatinib for c-KIT-expressing ACC tumors (Table 3). Of 15 assessed 

patients, no objective responses were observed, resulting in termination of the study, and no 
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additional evaluation was warranted (NCT00045669) [76]. Imatinib’s demonstrated 

inefficacy for ACC is consistent with more recent literature suggesting that the frequency of 

c-KIT mutations in ACC is significantly lower than previously reported [77].

Nilotinib, an improved first-line therapy for CML, has similar targets as imatinib including 

BCR-ABL, PDGFR and c-KIT. However, nilotinib demonstrates a 10 to 30-fold increased 

potency against BCR-ABL tyrosine kinase activity compared to imatinib [78,79]. In 

preclinical, in vitro studies, nilotinib has been shown to reduce EGFR expression in HPV-

negative HNSCC cells [80]. Therefore, an ongoing phase I trial with 22 currently enrolled 

patients is testing a 28-day cycle of nilotinib with cetuximab for R/M HNSCC 

(NCT01871311). In addition, a recent preclinical study testing the effect of nilotinib on SRC 

and c-KIT expression in HPV-positive and HPV-negative HNSCC in vitro found that 

nilotinib significantly reduced c-KIT expression, while increasing SRC expression in HPV-

positive cells. By contrast, nilotinib treatment did not lead to significant changes in SRC 

expression in HPV-negative cells [81]. These results suggest a potential for nilotinib to be 

used for HPV-positive tumors, with the caveat of SRC overexpression.

Dasatinib.—Dasatinib is a BCR-ABL and SRC-family tyrosine kinase inhibitor. SRC-

family kinases play a central role in oncogenic signaling pathways, making SRCs a potential 

drug target regardless of SRC mutation status. One member of the SRC-family of kinases, c-

SRC, mediates EGFR signals and can act as an upstream EGFR activator, promoting tumor 

survival and growth [82]. A recent review suggested that based on current understanding of 

these pathways, there is significant evidence for combining EGFR and SRC inhibition [83]. 

A phase II clinical trial combining anti-EGFR drug, cetuximab, and dasatinib for R/M 

HNSCC was terminated due to the principal investigator leaving the institution 

(NCT01488318). A phase I trial testing dasatinib, cetuximab and radiation with or without 

cisplatin was also terminated due to low accrual (NCT00882583). Given that combined 

inhibition of EGFR and SRC is synergistic in HNSCC cell lines [84] and that SRC mediates 

erlotinib resistance in HNSCC [85], one group conducted a phase I placebo-controlled 

window trial testing erlotinib, dasatinib, both agents combined or placebo in patients with 

operable, stage II-Va HNSCC (NCT00779389). Patients were treated for 7–21 days 

preoperatively, and tumor specimens were evaluated for expression of EGFR and SRC 

pathway proteins before and after treatment. While preclinical models suggested synergy 

effects of EGFR and SRC inhibition, a decrease in tumor size by erlotinib was not enhanced 

by addition of dasatinib, and erlotinib with or without dasatinib yielded a significantly 

greater decrease in tumor size versus dasatinib or placebo. In addition, while neither 

erlotinib nor dasatinib altered post-treatment expression of the selected biomarkers 

(pSTAT1, 3, pAKT, pSRC, pMAPK, pEGFR, pMET, pFAK, cMet, EGFR, vimentin, E-

cadherin, HER2 and HER3), there was an association of baseline signaling biomarkers to 

sensitivity/resistance. Namely, baseline pMAPK expression was associated with erlotinib 

sensitivity (P=0.099), and baseline pSTAT3 expression was associated with dasatinib 

resistance (P=0.02), leading to identification of potential biomarkers for future studies [86]. 

These results suggest that pre-treatment selection of patients with low baseline pSTAT3 

expression may increase the effect of dasatinib.

Sola et al. Page 10

Expert Opin Investig Drugs. Author manuscript; available in PMC 2019 November 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Meanwhile, a preclinical in vivo study showed that addition of dasatinib to combined 

cetuximab and radiation therapy unexpectedly leads to increased tumor growth in FaDu and 

A431 xenografts, likely resulting from increased DNA synthesis and angiogenesis associated 

with RAS, AKT and ERK1/2 activation and SRC inhibition [87]. While c-SRC is implicated 

in EGFR signaling, this preclinical data suggests potential clinical futility of a combined 

treatment regimen. In addition, a phase II trial testing single-agent dasatinib for R/M 

HNSCC failed to demonstrate significant anti-tumor activity, despite c-SRC inhibition 

(NCT00507767) [88]. Upon biomarker analysis, a significant increase in Macrophage 

Migration Inhibitory Factor (MIF) was detected in rapidly progressing patients [88]. An in 
vitro study showing significant upregulation of STAT3 activation and downstream signaling 

following sustained c-SRC inhibition in various HNSCC cell lines might explain dasatinib’s 

low anti-tumor activity and suggest a potential role for dasatinib combined with STAT3 or 

Janus-activated kinase inhibitors in HNSCC treatment [89]. In addition, preclinical data in 

other cancers such as NSCLC suggest a potential for combined targeted therapy of dasatinib 

with mTOR inhibitors [90,91].

Ponatinib.—Ponatinib is a BCR-ABL inhibitor that also targets VEGFR and FGFR and 

has been approved for treatment of chronic myeloid leukemia (CML) and Ph+ acute 

lymphoblastic leukemia. Despite termination of a phase III clinical trial of ponatinib for 

CML due to a high occurrence of arterial thrombotic events [92], ponatinib is indicated for 

CML patients with treatment refractory to dasatinib and nilotinib, those who have a T315I 

mutation, or those for whom imatinib is not indicated (NCT01207440). A copy number 

analysis of 144 head and neck cancer tissue samples and 20 cell lines revealed frequent 

amplification of FGF19, though amplification of FGFR1 was found in only one cell line. 

Inhibition of the FGF pathway with ponatinib holds potential clinical utility in overcoming 

EGFR resistance. In addition, it was shown that ponatinib was effective as a single agent in 

HNSCC cell lines and showed synergistic effect when combined with gefitinib [93]. Despite 

encouraging preclinical data, a phase II clinical trial testing ponatinib for HNSCC and 

NSCLC was terminated due to an adverse event, pancreatitis, occurring in one of two 

enrolled patients with NSCLC (NCT01761747). Another trial conducted in advanced 

medullary thyroid cancer was also terminated due to drug toxicities, with one patient 

developing gastric hemorrhage and one unexplained death (NCT01838642). Both terminated 

trials indicate that ponatinib carries more significant toxicity compared to similar m-TKIs, 

and there are no currently active clinical trials evaluating ponatinib in HNSCC.

5. Conclusions

Existing CT agents approved for HSNCC are non-specific and have considerable toxicity. 

Targeted agents, such as monoclonal antibodies cetuximab, nivolumab, and pembrolizumab 

are effective, however only in a subset of patients and can lose efficacy due to acquired 

resistance. Tyrosine kinase inhibitors have emerged as an important subclass of targeted 

cancer drugs for various solid and hematologic tumors. Their ability to target multiple 

kinases at a time allows for inhibition of various tumorigenic signaling pathways 

concomitantly. m-TKIs are increasingly being investigated for treatment of head and neck 

neoplasms. Across the board, single-agent use of m-TKIs has not yielded clinically relevant 
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anti-tumor activity, with several trials being terminated in early phases of development. 

EGFR targeting m-TKIs, lapatinib and afatinib, have demonstrated potential as a less toxic 

substitute to cetuximab, particularly in pre-operative settings and in select patient groups, 

respectively. Radio-sensitizing drug, sunitinib, did not show clinical efficacy and 

demonstrated significant toxicities when combined with radiotherapy, though efficacy of 

sorafenib with radiotherapy remains unexplored. Sorafenib showed low single agent efficacy 

and no added benefit when combined with cetuximab, though combination studies of 

sorafenib with chemotherapeutic agents are currently active. Another radio-sensitizing drug, 

vandetanib, showed promising preclinical efficacy and tolerability in a Phase I trial when 

combined with radiotherapy and cisplatin. However, no follow-up Phase II trial has been 

conducted and other combinations resulted in no improvement of efficacy. Other 

angiogenesis inhibitors such as lenvatinib have warranted continued development, 

particularly in combination with immune targeting drugs, while axitinib and nintedanib have 

shown promise in selected patients based on tumor mutational profiles. Finally, Bcr-Abl 

targeting drugs imatinib, nilotinib, dasatinib and ponatinib have demonstrated higher toxicity 

than other m-TKIs and are less efficacious. However preclinical data showing efficacy of 

dasatinib and other BCR-ABL targeting agents with STAT3/JAK and mTOR inhibitors in 

select patient populations with solid tumors, such as NSCLC patients with EGFR mutations, 

suggests potential for future testing of these drugs as combination therapies in select 

HNSCC patient populations.

6. Expert Opinion

Despite similar histologic appearances, studies to date have demonstrated that individual 

HNSCC tumors harbor distinct characteristics that may guide treatment selection. For 

example, an increased understanding of the biology of HNSCC associated with human 

papillomavirus (HPV) has revealed that, in general, HPV-associated HNSCC has a better 

prognosis than HNSCC that are HPV-negative. More recently, we have learned that HPV-

positive HNSCC is not responsive to the FDA-approved EGFR monoclonal antibody 

cetuximab [94, 95]. The fact that it took nearly 12 years to determine that HPV represented a 

negative predictive biomarker for cetuximab therapy underscores the need to systematically, 

prospectively characterize tumors and iteratively assess clinical responses in the context of 

tumor biology.

Identification of predictive biomarkers (both positive and negative) should guide the use of 

targeted therapies in HNSCC, including m-TKIs. Tumors that are dependent on these 

kinases for survival and growth are expected to be most responsive to m-TKIs. For example, 

a tumor with a gain of function mutation in an oncogenic kinase that is a target of a m-TKI, 

would be expected to be more responsive than a tumor that harbors two wild-type, 

unamplified alleles for the kinase. Elucidation of the genetic landscape of HNSCC over the 

past 7 years has revealed alterations that activate kinases (such as amplification or mutation) 

in both HPV-positive and HPV-negative tumors [96,97]. It is plausible that such kinase 

activations may represent predictive biomarkers for m-TKI therapy in this cancer. The most 

informative clinical trial should incorporate tumor profiling (such as next generation 

sequencing) so that the biology of each patient’s tumor, enrolled in the trial, can be assessed 

in the context of treatment responses. In addition, the most successful use of m-TKIs is 
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likely to be based on strong evidence of antitumor activity in relevant preclinical models 

including well-characterized HNSCC cell lines, patient-derived xenografts and 

immunocompetent HNSCC models. Most agents or combination of agents are administered 

to patients without robust preclinical evidence of efficacy in specific genetic contexts. The 

2016 FDA-approval of pembrolizumab and nivolumab and the observation that many of the 

pathways inhibited by m-TKIs are also upregulated in tumor immunosuppression, 

underscores the promise of testing m-TKIs in combination with immune checkpoint 

inhibitors [11,15]. There is also is a growing understanding of the effect of m-TKIs on other 

oncogenic pathways implicated in tumor immune microenvironment such as the IL-6/JAK/

STAT pathway, for which there are targeted agents in clinical development. The potential for 

combined efficacy of a broad class of immunotherapies (in addition to the two FDA-

approved agents to date) and m-TKIs represents a significant opportunity for future 

investigation.

There are numerous challenges to effectively incorporate m-TKIs into HNSCC treatment 

including the heterogeneity of human tumors, incomplete understanding of mechanisms of 

innate or acquired treatment resistance, and the limited and varied use of tumor profiling in 

the management of HNSCC. The genomic heterogeneity of HNSCC has become evident 

through preclinical and clinical studies, as well as through the comprehensive genomic 

characterization of HNSCC by The Cancer Genome Atlas (TCGA). Increasing 

understanding of the heterogeneity of HNSCC has led investigators to conduct a number of 

clinical trials using m-TKIs with the goal of blocking multiple important tumorigenic 

signaling pathways or reversing pathways of resistance to conventional or other targeted 

therapies. However, the majority of these studies test m-TKIs as single agents or in 

combination with cetuximab in unselected patients and have not demonstrated significant 

clinical efficacy. The most successful of these trials, such as those testing afatinib [47], and 

the most promising such as those testing nintedanib (NCT03292250), have included a 

systematic identification of potential biomarkers for response to treatment and then tested 

the drug in groups with the corresponding tumor mutational profile following tumor biopsy 

and next generation sequencing.

Future success of these trials will depend on relying on robust preclinical data to define 

predictive biomarkers and guide treatment as well as application of these data to trial design. 

Even when targeted sequencing is obtained, cumulative evidence to date suggests that the 

sequencing results may vary depending on both the region of the tumor sampled and the 

sequencing platforms employed. Elucidation of treatment resistance is likely to depend on 

more detailed studies in relevant preclinical models, which can inform the design of clinical 

trials. In addition, tumor biopsies are not routinely required after enrollment into clinical 

trials so that when a patient develops resistance to the regiment tested, we often do not have 

the opportunity to analyze the tumor and determine plausible resistance mechanisms. 

Ideally, patients being treated with m-TKIs on a clinical protocol can be enlisted to undergo 

tumor biopsies at clinically relevant time points (such as in the setting of tumor progression) 

to capture treatment resistance mechanisms. Overall, the successful use of m-TKIs will 

depend on developing a clear understanding of which HNSCC patients are likely to benefit 

from therapy based on tumor characterization such as targeted sequencing followed by 

discussion at molecular tumor boards. Combinations of m-TKIs and immune checkpoint 
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inhibitors will require testing in immunocompetent preclinical models and/or prospective 

analysis of patients enrolled in clinical trials.
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Article Highlights:

• Due to incomplete understanding of treatment resistance and the 

heterogeneity of HNSCC tumors, current targeted therapies, such as the 

EGFR targeting monoclonal antibody, cetuximab, have not significantly 

improved treatment outcomes of HNSCC.

• Multi-targeted kinase inhibitors have been approved for use in various 

hematologic and other solid tumors, either as monotherapy or in combination 

with other therapies.

• Various multi-targeted tyrosine kinase inhibitors are in the early stages of 

development for HNSCC and include EGFR targeting agents, potential 

radiosensitizers which target PDGFR and VEGFR, BCR-ABL targeting 

agents, and potent anti-angiogenesis agents.

• While single agent m-TKIs have not been shown to improve clinical 

outcomes in HNSCC to date, m-TKIs with the most promising clinical results 

are being tested in combination with current FDA-approved therapies and/or 

in mutation-defined patient subgroups.

• Future work in this field requires the identification of predictive biomarkers to 

increase clinical responses to m-TKIs alone or in combination with standard 

of care including immune modulating agents.
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Figure 1: Emerging investigated multi-targeted kinase inhibitors in head and neck squamous cell 
carcinoma.
Multi-target kinase inhibitors (m-TKIs) currently being tested in clinical trials target various 

molecular pathways. m-TKIs compete with ATP for binding to receptor tyrosine kinases to 

inhibit downstream signaling. This pictorial representation of common tumorigenic 

molecular pathways shows downstream signaling of epidermal growth factor receptor 

(EGFR) and HER family receptors, which activates the RAS/RAF/MEK/ERK pathways and 

PI3K/AKT/mTOR pathways, supporting tumor cell proliferation and survival. EGFR/HER 

kinase inhibitors include lapatinib, afatinib and poziotinib. Briefly, VEGFR, PDGFR, FGFR, 

MET, KIT and BCR-ABL activation also leads to downstream activation of a variety of 

molecular pathways including RAS/RAF/MEK/ERK, STAT and PI3K/AKT pathways 

resulting in proliferation, survival and, in some cases, angiogenesis. These pathways are 

inhibited in various combinations by several m-TKIs.

AKT: v-AKT Murine thymoma viral oncogene; BCR-ABL: Breakpoint cluster region 

protein-Abelson murine leukemia viral oncogene homolog 1; ERK: Extracellular signal-

regulated kinase; FGFR: Fibroblast growth factor receptor; HER: Human EGFR; KIT: Also 

called c-KIT tyrosine kinase; c-MET: Also called c-MET tyrosine kinase or HGF receptor; 

MEK: MAPK/ERK kinase; mTOR: Mammalian target of rapamycin; PDGFR: Platelet 
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derived growth factor receptor; PI3K: Phosphatidylinositol-3-kinase; RAF: Rapidly 

accelerated fibrosarcoma kinase; RAS: Rat sarcoma protein; c-SRC: Sarcoma-family kinase; 

STAT: Signal transducer and activator of transcription; VEGFR: Vascular endothelial growth 

factor receptor.
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Table 1:

Competitive environment table of the major tyrosine kinase inhibitors currently under development for 

HNSCC treatment.

Drug Target(s)
Developmental stage in 

HNSCC FDA approved treatment

EGFR 
targeting Erlotinib* EGFR (HER 1) Phase III EGFR-mutated NSCLC

Gefitinib* EGFR (HER 1) Phase III EGFR-mutated NSCLC

Lapatinib EGFR and HER2 Phase III HER2-positve breast cancer

Afatinib EGFR, HER2 and HER4 Phase III EGFR-mutated NSCLC

Poziotinib EGFR, HER2 and HER4 Phase II NSCLC w/ S768 mutations

Neratinib EGFR, HER2 and HER4 Preclinical HER2-positive breast cancer

Vandetanib EGFR, VEGFR, and RET Phase II Medullary thyroid cancer

VEGFR 
targeting Sunitinib

VEGFR 1–3, PDGFR ⍺/β, FLT-3, c-KIT, 
RET and BRAF Phase II RCC

Sorafenib
VEGFR 1–3, PDGFRβ, FLT-3, c-KIT, 

RET and BRAF Phase II HCC, RCC, thyroid cancer

Cediranib VEGFR 1–3, PDGFR ⍺/β and c-KIT Phase II None

Pazopanib VEGFR 1–3, PDGFR ⍺/β and c-KIT Phase II RCC

Nintedanib VEGFR1–3, PDGFR and FGFR1–2 Phase II
Idiopathic pulmonary fibrosis, 

NSCLC

Axitinib VEGFR 1–3, PDGFRβ and c-KIT Phase II RCC

Lenvatinib
VEGFR 1–3, FGFR 1–4, PDGFR ⍺, c-KIT 

and RET Phase I HCC, thyroid cancer

Motesanib VEGFR 1–3 and c-KIT Preclinical None

Fostamatinib
VEGFR, SYK, FLT3, aurora A kinase and 

RET Phase II
Chronic immune 

thrombocytopenia

Foretinib VEGFR2 and c-MET Phase II None

Bcr-Abl 
targeting Imatinib

BCR-ABL, DDR, c-KIT, PDGFR and 
CSF-1R Phase II CML, Ph+ ALL, GIST and MDS

Dasatinib BCR-ABL and SRC family Phase II CML and Ph+ ALL

Nilotinib BCR-ABL, PDGFRα and c-KIT Phase I Ph+ CML

Ponatinib BCR-ABL, VEGFR, PDGFR Phase II Ph+ ALL, CML

*
: denotes single-target tyrosine kinase inhibitor; BCR-ABL: Breakpoint cluster region protein-Abelson murine leukemia viral oncogene homolog 

1, BRAF: B-rapidly accelerated fibrosarcoma kinase, CML: Chronic myeloid leukemia, CSF-1R: Colony stimulating factor 1 receptor, DDR: 
Discoidin domain receptor, EGFR: Epidermal growth factor receptor, FGFR: Fibroblast growth factor receptor, FLT3: FMS-like tyrosine kinase 3, 
GIST: Gastrointestinal stromal tumors, HCC: Hepatocellular carcinoma, HER: Human epidermal growth factor receptor, KIT: Also called c-KIT 
tyrosine kinase, MDS: Myelodysplatic syndrome, NSCLC: Non-small cell lung cancer, PDGFR: Platelet derived growth factor receptor, Ph+ ALL: 
Philadelphia chromosome-positive acute lymphoblastic leukemia, Ph+ CML: Philadelphia chromosome-positive chronic myelogenous leukemia, 
RCC: Renal cell carcinoma, RET: Rearranged during transfection, SRC: Sarcoma-family kinase, SYK: Spleen tyrosine kinase, VEGFR: Vascular 
endothelial growth factor receptor
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Table 2:

Multi-targeted tyrosine kinase inhibitor active phase I/II clinical trials for HNSCC treatment.

Drug Target(s) Setting

Developmental
stage in
HNSCC Status

Clinical trial
ID

EGFR 
Targeting Lapatinib EGFR and HER2 Capecitabine Phase II

Active, not 
recruiting NCT01044433

Radiation and cisplatin Phase II
Active, not 
recruiting NCT01711658

Carboplatin and 
paclitaxel Phase II

Active, not 
recruiting NCT01612351

Afatinib EGFR, HER2 and HER4

Radiation or 
chemotherapy and 

radiation Phase I Recruiting NCT01783587

Monotherapy* Phase II Recruiting NCT03088059

Cetuximab Phase II Recruiting NCT02979977

Poziotinib EGFR, HER2 and HER4 Monotherapy* Phase II Recruiting NCT03292250

Vandetanib EGFR, VEGFR, and RET Monotherapy Phase II
Active, not 
recruiting NCT01414426

VEGFR 
Targeting Sorafenib

VEGFR 1–3, PDGFRβ, 
FLT-3, c-KIT, RET and 

BRAF
Carboplatin and 

paclitaxel Phase II
Active, not 
recruiting NCT00494182

Nintedanib
VEGFR1–3, PDGFR and 

FGFR1–2 Monotherapy* Phase II Recruiting NCT03292250

Lenvatinib

VEGFR 1–3, FGFR 1–4, 
PDGFRα, c-KIT and 

RET Cetuximab Phase I/Ib Recruiting NCT03524326

Pembrolizumab Phase I/Ib
Active, not 
recruiting NCT03006887

Axitinib
VEGFR1–3, PDGFRβ 

and c-KIT Monotherapy Phase II** Recruiting NCT02762513

Bcr-Abl 
targeting Nilotinib

BCR-ABL, PDGFRα and 
c-KIT Cetuximab Phase I Recruiting NCT01871311

*
: Patient criteria for biomarkers included in study;

**
: Expansion Trial

BCR-ABL: Breakpoint cluster region protein-Abelson murine leukemia viral oncogene homolog 1, BRAF: B-rapidly accelerated fibrosarcoma 
kinase, EGFR: Epidermal growth factor receptor, FGFR: Fibroblast growth factor receptor, FLT3: FMS-like tyrosine kinase 3, HER: Human 
epidermal growth factor receptor, KIT: Also called c-KIT tyrosine kinase, PDGFR: Platelet derived growth factor receptor, RET: Rearranged during 
transfection, VEGFR: Vascular endothelial growth factor receptor
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Table 3:

m-TKI completed or active phase I/II clinical trials with genomic biomarker driven patient subgroups for 

treatment and/or analysis.

Trial Name
Clinical Trial

ID Stage Drug
Treatment

setting
Genomic

subgroups Results

Trials testing EGFR targeting agents

Neoadjuvant Afatinib 
Window Study in 

HNSCC NCT01538381 II Afatinib

Neoadjuvant, 
previously 
untreated

No pre-treatment 
groups

Partial response 
according to 

RECISTv1.1, FDG-
PET hypoxic gene 
signature and TP53 

status potential activity 
biomarkers

Biomarkers of Activity 
and Efficacy of 

BIBW2992 in U/N 
(PREDICTOR) NCT01415674 II Afatinib

Neoadjuvant, 
previously 
untreated

No pre-treatment 
groups

Improved response 
according to 

RECIST1.1 and 
PERCIST compared to 
no treatment (no access 

to biomarker data)

Biomarker-based 
Study in R/M SCCHN 

(UPSTREAM) NCT03088059 II Afatinib

R/M after 
platinum therapy 
versus standard of 

care

EGFR 
amplification, 

PTEN-high, HER2 
mutation or 

amplification Active: pending

Dual Inhibition of 
EGFR: Afatinib and 

Cetuximab for 
Advanced HNSCC NCT02979977 II Afatinib

R/M after 
platinum therapy 

or immune 
checkpoint 
inhibitor

No pre-treatment 
groups

Active: pending 
(exploratory biomarker 

analysis)

LUX-Head & Neck 1 NCT01345682 III Afatinib

R/M after 
platinum therapy 
vs methotrexate

p16-negative, 
EGFR-amplified, 

HER3-low, PTEN-
high

Increased PFS 
compared to 

methotrexate in all sub-
groups

Trials testing BCR-ABL targeting agents

Dasatinib for R/M 
HNSCC NCT00507767 II Dasatinib

Platinum-
refractory R/M 

HNSCC
No pre-treatment 

groups

No significant activity 
reported, cytokine 
biomarker analysis 

showed increased MIF 
in rapidly progressing 

patients

Imatinib Mesylate in 
Patients With Salivary 

Gland Cancer NCT00045669 II Imatinib

Unresectable or 
metastatic salivary 

gland cancer

salivary gland 
cancers expressing 

c-KIT

Terminated: 
overexpression of WT 

c-KIT was not sufficient 
for clinical benefit

Trials testing various targeting agents

Targeted Therapy 
Directed by Genetic 
Testing in Patients 

With Advanced 
Refractory Solid 

Tumors (MATCH) NCT02465060 II Afatinib
Advanced 

refractory cancers
EGFR or HER2 

activating mutation Active: pending

Dasatinib

DDR2, S768R, 
I638F, or L239R 

mutation Active: pending

Sunitinib c-KIT mutation Active: pending

Translational 
Biomarker Driven 

UMbrella Project for NCT03292250 II Nintedanib
R/M after 

platinum therapy
PDGFR, VEGFR 
or FGFR mutation Active: pending
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Trial Name
Clinical Trial

ID Stage Drug
Treatment

setting
Genomic

subgroups Results

Head and Neck 
(TRIUMPH)

Poziotinib HER mutation Active: pending

Comparison of 
Biomarker 

Modulation by 
Inhibition of EGFR 
and/or SRC Family NCT00779389 I

Dasatinib/
Erlotinib

Operable tumors, 
neoadjuvant 

treatment versus 
placebo

No pre-treatment 
groups

pMAPK baseline 
expression associated 

with erlotinib sensitivity 
(P=0.099), pSTAT3 
baseline expression 

associated with 
dasatinib resistance 
(P=0.02), pSTAT3, 

pSRC, pMET & IL-6 
not associated with 

response

EGFR: Epidermal growth factor receptor, FDG-PET: Fluorodeoxyglucose-positron emission tomography, FGFR: Fibroblast growth factor receptor, 
HER: Human EGFR, IL-6: Interleukin 6, KIT: Also called c-KIT tyrosine kinase, R/M: Recurrent/metastatic, MIF: Macrophage migration 
inhibitory factor, PDGFR: Platelet derived growth factor receptor, PERCIST: Positron Emission Tomography Response evaluation criteria in solid 
tumors, PFS: Progression free survival, pMET: phosphorylated MET tyrosine kinase, pSRC: Sarcoma-family kinase, pSTAT: phosphorylated 
Signal transducer and activator of transcription, PTEN: Phosphatase and tensin homolog, RECIST: Response evaluation criteria in solid tumors, 
SCCHN: squamous cell carcinoma of head and neck, TP53: Tumor protein 53, U/N: Untreated/Non-metastatic, VEGFR: Vascular endothelial 
growth factor receptor.

Expert Opin Investig Drugs. Author manuscript; available in PMC 2019 November 15.


	Abstract
	Background
	Existing treatments
	Conventional treatment
	Approved targeting treatments in head and neck cancer
	Tyrosine kinase inhibitors

	Scientific rationale
	Current challenges in therapy
	Potential role for m-TKIs in HNSCC treatment

	Competitive environment
	Single-target TKIs
	EGFR targeting agents
	Potential radiosensitizers
	Sunitinib.
	Vandetanib.

	Potent anti-angiogenesis agents
	Lenvatinib.
	Axitinib.

	BCR-ABL targeting agents
	Imatinib.
	Dasatinib.
	Ponatinib.


	Conclusions
	Expert Opinion
	References
	Figure 1:
	Table 1:
	Table 2:
	Table 3:



