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ABSTRACT

Identification of effective targeted therapies for recurrent/
metastatic head and neck squamous cell carcinoma (HNSCC)
remains an unmet medical need. A patient with platinum-
refractory recurrent oral cavity HNSCC underwent compre-
hensive genomic profiling (CGP) that identified an activating
MET mutation (R1004). The patient was treated with the oral
MET tyrosine kinase inhibitor crizotinib with rapid response
to treatment.

Based on this index case, we determined the frequency
of MET alterations in 1,637 HNSCC samples, which had been
analyzed with hybrid capture-based CGP performed in the

routine course of clinical care. The specimens were seq-
uenced to a median depth of >500× for all coding exons
from 182 (version 1, n = 24), 236 (version 2, n = 326), or
315 (version 3, n = 1,287) cancer-related genes, plus
select introns from 14 (version 1), 19 (version 2), or
28 (version 3) genes frequently rearranged in cancer. We
identified 13 HNSCC cases (0.79%) with MET alterations
(4 point mutation events and 9 focal amplification events).
MET-mutant or amplified tumors represent a small but poten-
tially actionable molecular subset of HNSCC. The Oncologist
2019;24:1305–1308

KEY POINTS

• This case report is believed to be the first reported pan-cancer case of a patient harboring a MET mutation at R1004
demonstrating a clinical response to crizotinib, in addition to the first documented case of head and neck squamous
cell carcinoma (HNSCC) with any MET alteration responding to crizotinib.

• The positive response to MET inhibition in this patient highlights the significance of comprehensive genomic profiling
in advanced metastatic HNSCC to identify actionable targetable molecular alterations as current treatment options are
limited.

PATIENT STORY

A 53-year-old never-smoking male presented with stage I
(pT1cN0) oral cavity well-differentiated squamous cell carci-
noma (SCC) of the left anterior tongue. He underwent par-
tial glossectomy with adequate margins, total depth of
invasion 2.5 mm, and no signs of lymphovascular invasion.
Thirteen months after initial diagnosis, the patient devel-
oped loco-regional nodal recurrence in the left neck, the
largest lymph node measuring 2.5 × 2.7 × 2.6 cm; core nee-
dle biopsy showed invasive SCC. He underwent an extended
radical neck dissection; pathology reported extensive,

invasive keratinizing SCC, p16 negative by immunohistochem-
istry, involving 1/17 left neck level II lymph nodes with
extracapsular extension. Because of carotid artery and hypo-
glossal nerve involvement, the tumor could not be completely
resected. Given the residual gross disease, the patient
received postoperative chemoradiation (74 Gy with three
cycles of bolus cisplatin [100 mg/m2]). Follow-up positron
emission tomography/computed tomography (CT) 3 months
after completion of chemoradiation showed no clear evi-
dence of viable disease.
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The patient reported symptoms of an increasing and
painful mass at his left jaw 5 months after completion of
chemoradiation. Because of this, magnetic resonance imag-
ing was ordered, which revealed an unresectable enlarging
mass extending into the left parotid space, 5.3 cm in maxi-
mum size. Biopsy showed SCC consistent with the initial diag-
nosis. At this point, a formalin-fixed paraffin-embedded
tissue sample from the tumor was submitted for hybrid
capture-based comprehensive genomic profiling (CGP). Sam-
ple processing and sequencing analysis were performed in
a Clinical Laboratory Improvement Amendments-certified,
College of American Pathologists-accredited, New York
State-accredited laboratory (FoundationOne; Foundation
Medicine Inc., Cambridge, MA). At least 50 ng of DNA was
extracted and analyzed by next-generation sequencing on
hybridization-captured, adaptor ligation-based libraries to
high, uniform coverage (>500×) for all coding exons of
315 cancer-related genes and select introns from 28 genes
commonly rearranged in cancer [1].

MOLECULAR TUMOR BOARD

Comprehensive genomic profiling of the tumor identified
a missense mutation in the receptor tyrosine kinase
(RTK), MET R1004G (3010C>G), as well as TERT promoter
(−124C>T) and TP53 R306* (916C>T) mutations. Based
on the presence of the MET exon 14 mutation, the
patient was started on crizotinib at 250 mg twice a day.

The current standard of care for recurrent/metastatic
head and neck squamous cell carcinoma (HNSCC) including
oral cavity cancer is palliative chemotherapy, programmed

cell death 1 immune checkpoint blockade, and supportive
care [2–6]. Despite recent advances, little progress has been
made in targeted treatments for HNSCC, and prognosis
remains poor for patients with recurrent or metastatic
HNSCC. Specifically, SCC of the oral cavity still has poor prog-
nosis, with a 5-year overall survival rate of 70% for stage I or
II and 54.7% for locally advanced disease [7].

The Cancer Genome Atlas created a comprehensive geno-
mic analysis of somatic alterations by studying 279 patients
with HNSCCs. Different risk factors such as human papillomavi-
rus (HPV) status or smoking-history were associated with spe-
cific mutations, where most HPV-associated HNSCC show
PIK3CA mutations, TRAF3 loss, or amplification of E2F1,
whereas most smoking-related HNSCC show loss-of-function
TP53 mutations and CDKN2A alterations [8, 9]. Genomic alter-
ations in TP53, CDKN2A, and PIK3CA as well as amplification of
the RTK epidermal growth factor receptor (EGFR) have been
associated with prognostic value in HNSCC [3, 10–13].

Amplification or mutation of MET, another RTK, is rare
in HNSCC and has only been reported in 0%–1.1% of patients
[9, 14–16]. In the Cancer Genome Atlas, only two patients
with HNSCC had MET exon 14 skipping mutations. MET muta-
tion and amplification have also been reported at low frequen-
cies in oropharyngeal SCC, esophageal SCC, and head and neck
nondifferentiated carcinoma [17–19]. MET overexpression
may also play a role in predicting prognosis in HNSCC, as a
recent meta-analysis found c-Met overexpression to be an
indicator of poor overall survival in patients with HNSCC [20].

CGP of 1,637 samples from patients with HNSCC, sub-
mitted to Foundation Medicine by July 18, 2017, illustrates
the rarity of MET alterations in this disease, with only 13 of
1,637 (0.79%) patients with HNSCC identified as having

Figure 1. Prevalence and model of MET mutations in patients with head and neck squamous cell carcinoma (HNSCC). (A): Lollipop plot
depicting frequency and location of somatic mutations detected in samples from patients with HNSCC. MET R1004G, located in JM, is
adjacent to the CBL binding site Y1003 (denoted in orange). (B): Model of MET R1004G mutation on downstream signaling pathways.
Upon HGF stimulation, MET R1004G (left) inhibits binding of the E3 ligase, CBL. Impaired CBL binding leads to reduced MET receptor
ubiquitination and degradation, resulting in sustained signaling of downstream pathways compared with wild-type MET (right).
Abbreviations: CBL, Casitas B-lineage lymphoma; HGF, hepatocyte growth factor; JM, juxtamembrane domain.
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MET alterations. Most of these alterations were focal ampli-
fications (9 of 13, 69.2%), whereas the rest were point
mutations (4 of 13, 30.8%; Fig. 1). Our patient was the only
clear case identified having an activating MET point muta-
tion, R1004G. The three other point mutations identified
are functionally uncharacterized but have been reported as
a somatic alteration in the context of cancer.

The MET R1004G alteration is located within exon 14,
which encodes a portion of the MET juxtamembrane domain.
MET is targeted for degradation by the ubiquitin ligase Casitas
B-lineage lymphocyte (CBL). Changes in the CBL binding site
occur with missense mutations R1004, Y1003, or D1002 and
are analogous to exon 14 skipping. As a result of these muta-
tions, CBL can no longer bind and degrade MET, leading to
MET activation and oncogenesis [21–29]. MET amplification
and/or activating alterations, such as those that lead to MET
exon 14 skipping or loss of a CBL binding site, have been
reported across various tumor types, including lung, brain,
and gastroesophageal, and been shown to respond to MET-
targeted therapies [21, 30–35].

Crizotinib is U.S. Food and Drug Administration approved
for ALK-positive and ROS1-positive non-small cell lung cancer
(NSCLC) but was initially developed as a MET inhibitor. MET
activation through exon 14 skipping has been studied in
NSCLC [22]. In a phase I trial of 16 patients with MET exon
14-altered (leading to MET activation) NSCLC, crizotinib was
shown to have antitumor activity [36]. In addition to MET
exon 14 skipping mutations, MET amplification with high
copy number gain can also derive clinical benefit and
respond to crizotinib in NSCLC [37]. In addition to crizotinib,
other MET inhibitors are currently in clinical development
(capmatinib, glesatinib) [38]. MET inhibitors such as foretinib
and tivantinib have been tested in HNSCC but did not dem-
onstrate activity in such a nonselected HNSCC patient popu-
lation [39, 40]. Our data in MET-mutated HNSCC, albeit at a
low frequency, support inclusion of patients with HNSCC in
pan-cancer basket trials such as NCI-MATCH (NCT02465060)
that evaluate multiple tumor types with CGP assigning

tumors with MET amplification or MET exon 14 skipping
mutations to treatment with the MET inhibitor crizotinib.

PATIENT UPDATE

The patient tolerated therapy with rapid response after
1 month of treatment (Fig. 2). CT revealed that the previ-
ously identified tumor now had a large defect with signifi-
cant interval cavitation consistent with response, although
residual tumor surrounding the left internal and external
carotid artery was also noted (Fig. 2). Because of rapid
response and proximity to the carotid artery, crizotinib was
held. Nevertheless, shortly thereafter, the patient experi-
enced nonpulsatile bleeding from the neck and eventually
passed away from complications of this event.

This patient had HNSCC whose tumor harbored a MET
point mutation (R1004) and experienced a response to the
MET inhibitor, crizotinib. To our knowledge, this is the
first case of HNSCC with a MET mutation responding to
MET-targeted therapy.

GLOSSARY OF GENOMIC TERMS AND NOMENCLATURE
ALK: anaplastic lymphoma kinase
CBL: Casitas B-lineage lymphoma
EGFR: epidermal growth factor receptor
HGF: hepatocyte growth factor
MET: mesenchymal-epithelial transition factor
ROS1: ROS proto-oncogene 1
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cated with an asterisk (*).
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