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Abstract

Molecular targeting therapy to specific genetic alterations has not been established in head and
neck squamous cell carcinoma (HNSCC) except for cetuximab treatment. To characterize altera-
tions of actionable oncogenes in HNSCC, we examined the gain of copy and mutation of the MET
gene in 54 Japanese HNSCC. Copy gain of the MET was analyzed by droplet digital PCR (ddPCR) and
quantitative real time PCR (qPCR) using 2 distinct fragments of the gene, and mutation was ex-
amined in exons 14 - 19 of MET by Sanger sequencing. Both ddPCR and qPCR showed significantly
correlated results in copy number at two distinct fragments of the MET gene (R = 0.96 and R =
0.78), although ddPCR gave more significant and sensitive results. Copy gain of the MET was de-
tected in 10 of 54 (19%) HNSCCs and more frequently observed in tumors of the hypopharynx (4
of 12; 33%) or larynx (5 of 13; 38%) than those of the oral cavity (1 of 21; 4%) or oropharynx (0 of
8; 0%), suggesting the existence of site-specific features in the oncogenic mechanisms of HNSCCs.
Copy gain of the MET was also observed preferentially in older patients, although no correlation in
other parameters, including clinical stages and overall or recurrence-free survival, was observed.
On the other hand, of the two HNSCCs in which nucleotide substitution was detected, one was
R1040Q in exon 15 with unknown function, and the other was a silent mutation in exon16. These
results suggest that copy gain of the MET can provide an indicator for treatment with tyrosine Kki-
nase inhibitors for MET in a subset of hypopharyngeal or laryngeal cancer.
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1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer in the world and more than
300,000 people die of this disease every year [1]. More than half of HNSCC cases are diagnosed as advanced
stage at the first examination. The 5-year survival rate of HNSCC patients is only about 40% and has not been
improved essentially in the past three decades in spite of numerous trials in treatment, such as extended surgery,
new chemotherapeutic agents and multimodal therapy [2].

Recently, on the basis of the advances in molecular understanding of each cancer, various molecular targeted
therapies inhibiting specific addictive pathways in individual cancer cells have been established and have im-
proved the therapeutic effect and prognosis of patients in several malignancies. Representative molecular tar-
geting drugs for specific cancers as well as companion markers that have been established include imatinib for
chronic myelocytic leukemia with ber-abl fusion, gefitinib or crizotinib for non-small cell carcinoma (NSCLC)
with the EGFR mutation or the ALK fusion, respectively, and trastuzumab for breast cancer with overexpression
of HER2. Cetuximab, a monoclonal antibody against epidermal growth factor receptor (EGFR), was shown to
have an additional effect on locoregionally advanced HNSCC when combined with radiotherapy and to improve
survival in recurrent or metastatic HNSCC when combined with conventional chemotherapy [3] [4]. Cetuximab
was, therefore, approved by the FDA as the first molecular targeted drug for HNSCC in 2006 and had been used
clinically for HNSCC in Japan since 2013. However, the effect of cetuximab is limited to a portion of patients,
and other EGFR inhibitors, such as gefitinib or erlotinib, have been shown to have no benefit on HNSCC. Thus,
the establishment of novel molecular targets is required for the benefit of HNSCC patients.

The MET oncogene, which is located on chromosome 7q31, encodes a receptor, tyrosine kinase, activated by
binding with hepatocyte growth factor (HGF), a sole ligand of MET [5] [6]. MET activation leads to cell proli-
feration, migration, motility, invasion, survival and other malignant features mainly through the RAS-RAF-
MEK-ERK and PI3K-AKT-mTOR pathways [7] [8]. Activating germline mutations in the MET gene are de-
tected in the majority of hereditary papillary renal cell carcinomas, whereas somatic mutations are relatively rare,
except for a portion of sporadic papillary renal cell carcinomas or childhood hepatocellular carcinomas [9] [10].
On the other hand, when amplified, wild-type MET can activate the downstream pathway without HGF and
promote malignant features of the cells. In fact, MET amplification is detected in various cancers, including 10%
of gastric cancers, 12% of colorectal cancers and 14% of renal cancers [11]-[13]. In non-small cell lung cancer
(NSCLC), while MET amplification is detected in 7% of primary NSCLC, the incidence increases to 22% in
NSCLC from patients showing resistance to gefitinib, an EGFR-tyrosine kinase inhibitor (EGFR-TKI) [14]. In
vitro, it has been demonstrated that NSCLC cell lines with MET amplification overcome inhibition of gefitinib
by activating HER3, a member of the EGFR family of proteins, and subsequently activating the PI3K-AKT-
mTOR pathway [14]. MET is also reported to be associated with resistance to other EGFR-TKIs, chemotherapy
and radiotherapy [15]-[17]. Thus, a number of MET inhibitors have been developed and some of them are being
tested clinically [8] [18].

In HNSCC, numerous studies have demonstrated that the MET protein is overexpressed in most cases, sug-
gesting a promotive role of MET in HNSCC oncogenesis [19]-[22]. By contrast, only two studies have reported
mutations or amplification of the MET gene in HNSCC. Di Renzo et al. showed the activating MET mutations in
4 of 15 (27%) European HNSCC [23], while Seiwert et al. showed mutation and copy gain of the MET in 9 of
66 (14%) and 15 of 23 (65%) HNSCC, respectively, in the USA [19]. Recently, Ando et al. reported a novel
MET mutation in a maxillary carcinosarcoma, a subtype of HNSCC [24]. However, no study has been reported
on the MET mutation or amplification in HNSCC of an Asian population, including Japanese people. In the
present study, we examined amplification or copy number alterations of the MET gene by droplet digital PCR
(ddPCR) and quantitative real time PCR (qPCR) in 54 Japanese HNSCC cases. We also analyzed mutation of
the MET by Sanger sequencing. So far as we know, this is the first report of analyses of copy number and muta-
tion of the MET gene in Japanese HNSCC. Preferential copy gain of the MET in hypopharyngeal and laryngeal
cancer suggested the site-specific oncogenesis of HNSCC and could provide a possible molecular target in a
subset of hypopharyngeal and laryngeal cancer.
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2. Materials and Methods
2.1. Patients and Tissues

Fifty-six patients (46 males, 8 females) were included in this study. Inclusion criteria were as follows: (1) Pa-
tients underwent surgical resection at the Department of Otolaryngology and Head and Neck Surgery of the
University of Tokyo from April, 2008 to June, 2009; (2) Tumors were pathologically diagnosed as squamous
cell carcinoma; (3) Tumors were enough large to get 3 to 5 mm cubed specimen. Patients with skin cancer and
esophageal cancer were excluded. The mean age was 65.8 years old (y.0.) (from 41 y.o0. to 79 y.o0., median 67
y.0.). They provided informed, written consent in accordance with the ethics board of the University of Tokyo.
The primary sites of HNSCC were the oral cavity, in 21 cases, the oropharynx, in 8 cases, the hypopharynx, in
12 cases and the larynx, in 13 cases (Table 1). The number of HNSCC with the clinical stages I, I, Il and IV
was 4, 9, 15 and 26 cases, respectively. Among them, 13 HNSCC are recurrent cases, with clinical stages 111 and
IV in 5 and 8 cases, respectively. After surgical resection, specimens were quickly frozen in liquid nitrogen or
preserved in Allprotect Tissue Reagent (Qiagen, Alameda, CA, USA) and stored at —80°C.

2.2. DNA Extraction

Genomic DNAs were extracted using the AllPrep Mini Kit (Qiagen) and the concentration of DNA was meas-
ured by Nanodrop ND-2000 spectrophotometer (Nanodrop Technologies, Rockland, DE, USA).

2.3. Droplet Digital PCR (ddPCR)
Fifty to 100 pg of each template DNA was digested with 0.1 ul of restriction enzyme Msel, in 20 ul of reaction

Table 1. Clinico-pathological features of HNSCCs with and without copy gain of the MET gene.

Tumors with copy gain of the MET

Total p value
yes (%) no (%)
Number of patients 54 10 (19) 44 (81)
Average Age (y.o.) 65.6 70.5 64.8 0.009
Sex NS*
Male 46 10 (22) 36 (78)
Female 8 0(0) 8 (100)

Primary Site 0.018
Oral Cavity 21 1(5) 20 (95) <0.05
Oropharynx 8 0(0) 8 (100) NS*
Hypopharynx 12 4 (33) 8 (67) NS*

Larynx 13 5(38) 8 (62) <0.05
Clinical Stage NS*
1 4 0(0) 4 (100)
2 9 1(12) 8(89)
3 15 2(13) 13 (87)
4 26 7(27) 19 (73)
Smoking History NS*
yes 45 9 (20) 36 (80)
no 9 1(11) 8(89)

*NS: not significant.
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mixture at 37°C for 2 hours. An aliquot of this reaction mixture (5 pl) was mixed with Supermix for probes
(Bio-Rad, Hercules, CA, USA), 0.3 ul of forward and reverse primers (each 100 uM) of the MET and RPP30
genes and 0.2 pl of probes (each 100 uM) of the MET and RPP30 genes for ddPCR. The RPP30 gene, encoding
ribonuclease P/MRP 30 kDa subunit, is located on chromosome 10 in two copies in a diploid genome and is
used as a control of copy number analysis. A total of 20 pl of the reaction mixture was loaded onto the QX200
Droplet Generator (Bio-Rad) together with 70 pl of droplet-generating oil to generate about 20 thousands of
droplets. The oil/reagent emulsion was transferred to a 96 well plate (Eppendorf AG, Hamburg, Germany) and
the samples were amplified on the conventional Bio-Rad T100 Thermal Cycler (Bio-Rad) with PCR condition
as follows; 95°C for 10 min, followed by 40 cycles of 94°C for 30 sec and 60°C for 60 sec, with a final extension
at 98°C for 10 min. Subsequently, the plate was loaded onto the QX200 Droplet Reader (Bio-Rad) and individu-
al droplets were counted as positive or negative based on the presence or absence of fluorescence from the PCR
products. The numbers of targeted sequences of the MET and RPP30 genes in the mixture were determined by
the QuantaSoft Software (Bio-Rad). The copy number of the MET gene was calculated by comparing the num-
ber of targeted sequences of the MET gene to that of the RPP30 gene. To evaluate the MET copy number accu-
rately, we analyzed two distinct fragments of MET: a region within exon 14 and a region spanning intron 20-
exon 21 of the MET gene. Primers and probes used for ddPCR are described in Table S1.

2.4. Real-Time PCR with TagMan Detection

Thecopy number of the MET gene was analyzed using the Applied Biosystems 7300 Real Time PCR System
(Applied Biosystems, Foster City, CA, USA). The gPCR mixture contained 10 pl of 2 x Real-Time PCR Kit-FP
(Diatheva, Fano, Italy), 1 pl of the TagMan Copy Number Target Assay (Hs02884964_cn, spanning intron20
and exon 21 and Hs01106926 cn, within exonl17; Applied Biosystems), 1 pl of the TagMan Copy Number Ref-
erence Assay (hTERT, Applied Biosystems), 4 pl of nuclease-free water, and 1 pl of template DNA (diluted to a
concentration of 5 ng/ul). PCR conditions were as follows; 95°C for 10 min, followed by 40 cycles of 95°C for
15 sec and 60°C for 1 min. Each sample was run in triplicates. After amplification, the results were analyzed us-
ing the CopyCaller Software (Applied Biosystems). The software performed a comparative Ct (AACt) relative
quantification analysis of the real time PCR product and determined the number of copies of the target sequence.

2.5. Sequencing Analysis

Exons 14 - 19 of the MET gene and their flanking sequences were amplified by polymerase chain reaction (PCR)
using KOD polymerase (Toyobo, Osaka, Japan). Primers used for PCR are described in Table S1. The PCR
mixture contained 12.5 pl of 2x PCR buffer, 5 pl of 2 mM dNTPs, 0.5 unit of KOD polymerase, 1 pl of forward
and reverse primers (each 10 uM), 50 ng of template DNA and distilled water to make a reaction mixture of 25
pl. PCR conditions were as follows: 94°C for 2 minutes, followed by 35 cycles of 98°C for 5 sec, 57°C for 10
sec and 68°C for 10 sec, with a final extension at 68°C for 7 min. PCR products were separated by electrophore-
sis on agarose gel, and fragments were cut from the gel and purified by Wizard SV Gel and PCR Clean-Up Sys-
tem (Promega, Madison, WI, USA). Nucleotide sequences were determined by direct sequencing (Fasmac, Ka-
nagawa, Japan) and results were analyzed using the software Lasergene (Dnastar, Madison, WI, USA).

2.6. Statistical Analysis

Statistical analysis was done using the software Statmate. The significance level was set at p < 0.05.

3. Results
3.1. Evaluation of Copy Number of the MET Gene in HNSCC

The copy number of the MET gene was analyzed in each HNSCC DNA both by ddPCR and by gPCR. In
each method, two separated fragments of the MET gene, a fragment spanning intron 20 to exon 21 and that
within exon 14 of the MET for ddPCR and a fragment spanning intron 20 to exon 21 and that within exon 17
of the MET for gPCR, were examined. The results obtained from the two fragments from exons 14 and 21 by
ddPCR were very well correlated with each other, with a correlation coefficient of 0.96 (Figure 1(a)). On
the other hand, the correlation coefficient of the results from two fragments from exons 17 and 21 by gPCR
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Figure 1. Copy number of the MET gene by droplet digital PCR (ddPCR) and quantitative real time PCR (qPCR). (a) Corre-
lation between the MET copy number in exon 21 and that in exon 14 by ddPCR; (b) Correlation between the MET copy
number in exon 21 and that in exon 17 by gPCR; (c) Correlation between the MET copy number in exon 21 by ddPCR and
that by qPCR. Correlation coefficients are 0.96 in (a), 0.78 in (b) and 0.43 in (c).

was 0.78 (Figure 1(b)), which was significantly lower than that of ddPCR. These results suggest that ddPCR
is a more reliable method for assessing DNA copy numbers than qPCR. Correspondingly, when the results
of a fragment spanning intron 20 to exon 21 by ddPCR are compared with those of the same fragment by
gPCR, ddPCR is more sensitive in detecting copy number gain in a subset of samples with a high copy
number of the MET gene, although both results are significantly correlated with each other, with a correla-
tion coefficient of 0.43 (Figure 1(c)). On the basis of these findings, we performed further analyses by
ddPCR.

3.2. Clinical Characteristics of HNSCC Showing Copy Gain of the MET Gene

The results of the copy number of the MET by ddPCR in 54 Japanese HNSCC are shown in Figure 2. If we
define the copy gain of MET when the results of the MET copy number in the fragments analyzed by ddPCR
were over 2.5 copies, 10 of 54 (19%) Japanese HNSCC showed copy gain of the MET gene. Gevensleben et
al. validated that setting the cut off value of target gene: control gene ratio at 1.25 effectively distinguished
amplified samples from non-amplified samples when analyzing plasma cell-free DNA [25]. This report
supports the validity of our cut off value of 2.5 copies. As summarized in Table 1, the HNSCC cases show-
ing copy gain of MET were in significantly older people than those without the copy gain. Furthermore, the
incidence of copy gain of the MET was higher in hypopharyngeal cancer (4 of 12; 33%) and in laryngeal
cancer (5 of 13; 38%) than in oral cancer (1 of 21; 5%) or in oropharyngeal cancer (none of 8; 0%). No sig-
nificant difference in other characteristics, including sex, smoking status and clinical stages, was observed
between HNSCC cases with and without copy gain of the MET gene. Moreover, as shown in Kaplan-Meier
curves in Figure 3, the overall survival and the recurrence-free survival did not show any significant differ-
ence between the HNSCC cases with and without copy gain of the MET gene.

3.3. Detection of the MET Gene Mutation in HNSCC

Next, mutation of the MET gene was examined in the regions from exon 14 to exon 20 encoding a transmem-
brane domain, a juxtamembrane domain and a tyrosine kinase domain, which were the hot spots of the known
activating mutations. Sanger sequencing identified base substitutions in 2 cases: one was a somatic G to A tran-
sition in exon 15 causing amino acid substitution from arginine to glutamine in codon 1040 (R1040Q) of the
MET gene (Figure 4), while the other was a silent mutation in exon 16 without accompanying splicing alteration.
R1040Q is a novel mutation in the juxtamembrane domain of MET protein in laryngeal cancer ofclinical stage 3.

4. Discussion

HNSCCs can be mainly divided into six categories on the basis of their primary sites of development, i.e. sino-
nasal, nasopharyngeal, oral, oropharyngeal, hypopharyngeal and laryngeal cancer. It is important to note that the
etiological factors of HNSCC are different depending on their primary sites. For example, physical stimulation
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Figure 3. Kaplan-Meier plot of the overall survival (a) and recurrence-free survival (b) of the HNSCC patients with (blue) or
without (red) copy number gain of the MET gene. Thirteen recurrent HNSCC cases were excluded from the analysis of the
overall survival in A. (a) Overall survival in 41 cases; (b) Recurrence-free survival in 54 cases.

t

Figure 4. Sanger sequencing of the MET gene in a laryngeal cancer with a clinical stage 3, showing a missense mutation
from arginine (CGA) to glutamine (CAA) in codon 1040 shown by arrow.

by teeth is a risk factor of oral cancer, and infection of human papillary viruses and EB viruses are considerable
etiological factors for oropharyngeal and nasopharyngeal cancer, respectively, whereas tobacco smoking and
alcohol drinking are potent etiological factors for almost all HNSCC [26]. Thus, understanding of such differ-
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ence in etiological factors and the resultant difference in molecular pathways of individual HNSCC is critical to
identify the appropriate molecular targets for each HNSCC. In the present study, we demonstrated that copy
gain of the MET was frequently observed in hypopharyngeal cancer (4 of 12; 33%) and laryngeal cancer (5 of 13;
38%), whereas copy gain of the MET was rarely observed in oral cancer (1 of 21; 5%) and not observed in oro-
pharyngeal cancer (0 of 8; 0%). Involvement of MET in hypopharyngeal and laryngeal cancer suggests the con-
tribution of smoking status, although our results failed to show a significant correlation between smoking and
copy gain of the MET gene. This is the first report of the primary site dependent feature of copy gain of theMET
in hypopharyngeal or laryngeal cancer. No copy gain of the MET in oropharyngeal cancer suggests that onco-
genesis by HPV infection does not require a MET-activating pathway, although HPV infection is not the sole
etiological cause of oropharyngeal cancer. These findings provide a hypothesis that MET could serve as a possi-
ble molecular target for a subset of hypopharyngeal or laryngeal cancer, although the number of patients is not
large and it is necessary to examine later whether MET copy number is an independent etiological factor.

We also found that the HNSCC cases showing the MET copy gain were in significantly older patients than
those without copy gain of the MET gene (Table 1). This might be caused by unknown biological aspects re-
lated to MET activation in oncogenesis of HNSCC. Alternatively, since patients of laryngeal cancer are rela-
tively older (average 70.6 y.0.) than those of other types of cancer (average 65.3 y.0.) in the present study, while
5 of 10 (50%) HNSCC with copy gain of the MET, but only 8 of 44 (18%) HNSCC without copy gain of the
MET, are laryngeal cancer, the average age of HNSCC with copy gain of the MET might become higher in the
present analysis.

The incidence and the precise copy number of the MET in our study are much lower than those in the pre-
vious study. Seiwert et al. reported that the MET copy number was more than 10 in 3/23 (13%) HNSCC and
more than 4 in 18/23 (78%) HNSCC when detected by qPCR using SYBR Green Probe or FISH analyses [19].
In contrast, the MET copy number in the present study was more than 2.5 in 10/54 (19%) HNSCC and more
than 3 in 4/54 (7%) with maximum copy number of 3.81 by using ddPCR. In addition, MET copy number in the
present study detected by qPCR using TagMan Probe was less than 3 in all 54 HNSCC cases. These results
suggest that the degree of copy gain of the MET in Japanese HNSCC would be lower compared to Caucasian
HNSCC, although we should carefully interpret the results of the two studies obtained by different methods for
estimating the MET copy number. In this connection, it is noteworthy that the incidence of copy gain of the MET
in NSCLC increases from 7% to 22% in recurrent tumors after the treatment of EGFR-TKI [14] [27]. In addition,
it is demonstrated that MET activation is associated with resistance to other types of EGFR-TKI, chemotherapy
and radiotherapy in various cancer cells [15]-[17]. In the present study, however, copy gain of the MET was ob-
served in only 1 of 13 (8%) recurrent HNSCC and no significant correlation with any clinicopathological cha-
racteristics was observed (Table S2). Further analysis of the MET in a larger number of HNSCC in the Japanese
population is necessary.

We have also reported 2 nucleotide substitutions of the MET gene by Sanger sequencing. One was a silent
mutation and the other was a novel missense mutation, R1040Q, corresponding to the juxtamembrane domain of
MET, although pathological significance of R1040Q mutation is to be elucidated by further study. The frequen-
cy of mutations with amino acid substitution was 1.8% (1 of 54) in our study, which was lower than that in the
previous studies by Di Renzo et al. (27%) and Seiwert et al. (14%) [19] [23].

In the current study, we have also shown predominant features of ddPCR in quantification of DNA fragments.
Droplet digital PCR is categorized as the third generation PCR in comparison with qPCR, so-called the second
generation PCR, due to its highly quantitative ability for evaluating the amounts of the template DNA. By using
limited diluted DNA samples as templates in numerous independent reactions, a single molecule of the template
DNA can be amplified to give the product, while a solution without template DNA does not give the product.
Then, based on the ratios of the product positive and the product negative reactions, we could calculate the defi-
nite amount of template DNA. Moreover, by comparing the amount of standard DNA present in 2 copies in the
cells, we could calculate the relative copy number of the gene of interest using less than 10 ng of DNA. This
principle is clearly advantageous in quantifying the template DNA, in comparison with that in qPCR. In fact,
correlation of the MET copy number of the fragments from exon 21 and exon 14 by ddPCR is much better than
that from exon 21 and exon 17 by gPCR (R = 0.96 vs R = 0.78). Even if the MET gene is truncated within the
gene region, the copy number of the MET of exon 21 and that of exon 17 is expected to correlate better than
those of exon 21 and exon 14. Therefore, our results strongly suggest that ddPCR is more reliable for quantify-
ing the copy number of genes. Comparison of the MET copy number of exon 21 by ddPCR and by qPCR sug-
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gests that ddPCR is more quantitative than qPCR especially in samples showing a high copy number of the MET
gene, which is also predicted by comparing the theoretical principles of gPCR and ddPCR. Furthermore, ddPCR
is an easy and sensitive method to analyze the copy number of multiple samples at the same time quickly. Taken
together, ddPCR could provide a suitable diagnostic method for detecting the copy number of target genes.

5. Conclusion

We have demonstrated that copy gain of the MET is detected in about one third of hypopharyngeal and laryngeal
cancer in Japanese patients. This is the first report showing high incidence of the MET copy gain in hypopha-
ryngeal and laryngeal cancer in comparison with oral or oropharyngeal cancer. These findings suggested that
MET could provide a possible molecular target in a subset of hypopharyngeal and laryngeal cancer when copy
gain of the MET was detected by ddPCR as a companion marker.
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Supplement

Table S1. Primers and probes used for droplet digital PCR and Sanger sequencing. (a) Droplet digital PCR; (b) Sanger se-

quencing of exons and their flanking sequences.

(@
Exon 14 (5° - 37)
Sense TTAGTTCGCTACGATGCAAGAG
Probe FAM-CACACTCCTCATTTGGATAGGCTTG-IBFQ
Anti-Sense GGCTTACACTTCGGGCACT
Exon 14 (5’ - 3°)
Sense TTAGTTCGCTACGATGCAAGAG
Probe FAM-CACACTCCTCATTTGGATAGGCTTG-IBFQ
Anti-Sense GGCTTACACTTCGGGCACT
(b)
Exon Sense (5° - 37) Anti-Sense (5 - 3°)
Exonl4 TCATTTTTAGTGGAAGCAAGCA GTTTGGGCTTCAACAGGTAAAA
Exon15 GATTTTGTGAGACGAGGCAAT CTGGCCCTGAGTTTTAGAAGAA
Exonl6 ATTTGATGAGGCCGATGTTACT GCCAACATGCTTCCAATAGTTT
Exonl7 TTGTTGGAAGTCTGACCATGAG GGAACGCATCTGGAGTTAATTT
Exonl18 GACTCCTAAGCAGCTGGGACTA ATTCTCCCTCCCCAACACTAAT
Exon19 TAGCAACCAAAGTAAACCCACA TCTCATCTCTTCCCTTCTGAGC

Table S2. Clinico-pathological features of recurrent HNSCCs with and without copy gain of the MET gene.

Tumors with copy gain of the MET

Total p value

yes (%) no (%)

Number of patients 13 1(8) 12 (92)
Average Age (y.o.) 67.3 70.0 67.1 NS
Sex NS

Male 11 1(9) 10 (91)

Female 2 0(0) 2 (100)
Primary Site NS

Oral Cavity 5 0 (0) 5 (100)

Oropharynx 2 0 (0) 2 (100)

Hypopharynx 2 0(0) 2 (100)

Larynx 4 1(25) 3 (75)
Clinical Stage NS

1 0 0(0) 0(0)
2 0 0(0) 0(0)

3 5 0(0) 5 (100)

4 8 1(12) 19 (87)
Smoking History NS

yes 12 1(8) 11 (92)

no 1 0(0) 1 (100)

*NS: not significant.
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