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Abstract

Background: c-MET is a proto-oncogene that encodes the tyrosine kinase receptor for hepatocyte growth
factor (HGF). Activation of HGF-c-MET signaling involves cell invasiveness and evokes metastasis through
direct involvement of tumor angiogenesis. However, the value of c-MET overexpression is still unknown in
metastatic biliary tract cancer (BTC).

Methods: We analyzed the incidence and clinicopathologic characteristics of c-MET overexpression in
advanced BTC. Moreover, we investigated the value of c-MET overexpression in predicting response to
gemicitabine plus cisplatin (GC), a first line standard regimen, and as a prognostic marker in metastatic BTC.

Results: The BTC subtype distribution (N=44) was as follows: intrahepatic cholangiocarcinoma (IHCC, n=7),
extrahepatic cholangiocarcinoma (EHCC, n=25) and gallbladder cancer (GBC, n=12). Liver (52.3%) was the
predominant metastatic site, followed by lymph nodes (36.4%) and bone (15.9%). Among the 44 patients
analyzed for c-MET expression, 15 (34.1%) exhibited c-MET overexpression in tumor tissues. There was no
significant difference in the prevalence of c-MET overexpression among primary sites in EHCC (7/25, 28.0%),
IHCC (3/7, 42.9%), and GBC (5/12, 41.7%). There was also no significant correlation between specific
clinicopathologic variables and c-MET expression. Comparing the tumor-response to GC according to ¢c-MET
expression (overexpression vs. non-overexpression), there was no significant difference in either RR or DCR
(p=0.394 and p >0.999, respectively). The median PFS for all 44 patients was 9.00 months (95% Cl, 7.5-10.5
months) and there was no significant difference for PFS between patients with c-MET overexpression and
those without (p=0.917). The median OS was 14.4 months (95% CI, 11.9-16.9 months). There was no
significant difference in OS between patients with c-MET overexpression compared to those without (13.7 vs.
14.4 months, respectively; p=0.708).

Conclusions: c-MET overexpression was detected in 34.1% of advanced BTC patients irrespective of tumor
location. c-MET overexpression did not predict response to GC or survival. Further studies are needed to
fully elucidate the value of c-MET overexpression as a novel biomarker in these patients.
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Introduction

Biliary tract cancer (BTC) is an aggressive disease
with a very poor prognosis and a median survival of
less than one year [1]. It is a heterogeneous group of
diseases including intrahepatic, perihilar, or distal
cholangiocarcinoma and gallbladder cancer, with
diverse epidemiology, etiology, and pathogenesis.
Personalized medicine is defined as the use of an
individual patient’s molecular information to inform

diagnosis, prognosis, treatment, and prevention of
cancer, and has become a primary focus of many
studies in oncology [2]. Indeed, the identification of
genomic alterations associated with responses to
molecularly targeted agents, such as tyrosine kinase
inhibitors, has changed the paradigm of cancer
treatment into precision medicine by identification of
multiple actionable targets across cancer types,
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especially with the emergence of advanced genomic
techniques [3, 4]. Thus, it is necessary to improve our
understanding of the heterogeneity of disease at the
genomic and molecular levels. However, the
molecular and genetic features of BTC have been
inadequately investigated in comparison to other
common solid cancers. Recently, it has been proposed
that receptor tyrosine kinases such as epidermal
growth factor receptor, vascular epithelial growth
factor receptor, and c-MET are promising targets for
cholangiocarcinoma [5-7].

c-MET is a proto-oncogene that encodes the
tyrosine kinase receptor for hepatocyte growth factor
(HGF). Activation of HGF-c-MET signaling involves
cell invasiveness and evokes metastasis through
direct involvement of tumor angiogenesis [8, 9].
Enhanced expression of the c-MET protein has been
reported in various solid cancers such as breast cancer
[10], gastric cancer [11], lung cancer [12, 13] and
hepatocellular ~ carcinoma  [14, 15]. c¢-MET
overexpression has been detected in 11.7% and 16.2%
of intra-and extra-hepatic cholangiocarcinoma cases,
respectively, and is associated with inferior
post-resection recurrence-free survival [16]. However,
c-MET expression was 76.7% and did not play a
prognostic role in extra-hepatic cholangiocarcinoma
patients with curative resection followed by adjuvant
chemo-radiotherapy [17]. The value of c-MET
overexpression remains unknown in metastatic BTC.

Herein, we report the incidence and
clinicopathologic characteristics of advanced BTC
with and without ¢-MET overexpression. Moreover,
we investigated the value of c-MET overexpression in
predicting response to gemicitabine plus cisplatin
(GC), a first line standard regimen, and as a
prognostic marker in metastatic BTC.

Materials and Methods

Patients

We analyzed the expression of ¢c-MET proteins
using immunohistochemistry (IHC) in tumor samples
of metastatic BTC. Tumor tissues originated from 44
patients who underwent palliative gemcitabine plus
platinum chemotherapy as first line therapy at
Samsung Medical Center between January 2012 and
March 2016. Clinical data were retrospectively
obtained from electronic medical records and
included sex, age at diagnosis, subtypes of BTC,
pathologic profiles (tumor size, differentiation,
margin status, lymphovascular invasion, perineural
invasion, and vessel involvement), extent of
metastasis, regimen for chemotherapy, tumor
response and the date of disease-progression or death.

Immunohistochemistry

IHC was performed for c-MET.
Hematoxylin-eosin stained slides were reviewed and
representative  formalin-fixed, paraffin-embedded
archival blocks were selected for each case. MET IHC
was performed using the rabbit monoclonal primary
antibody CONFIRM anti-total MET (SP44) (Ventana
Medical Systems, Tucson, AZ, USA) and the Ventana
BenchMark XT automated slide processing system
(Ventana Medical Systems) according to the
manufacturer’s protocol. All stained specimens were
independently reviewed by a pathologist without
prior knowledge of clinical information. The
percentage and intensity of positive tumor cells were
recorded by manually counting representative fields
of each case. For MET, we applied a recently
developed scoring system for gastric cancer [18].
Overexpression was defined as 2+ or 3+ with two
pathologists in consensus.

Statistics

Descriptive  statistics were reported as
proportions and medians. Correlations between
¢-MET expression and clinicopathologic variables
were analyzed using the t-test or Fisher’s exact test or
by one-way analysis of variance, as appropriate.
Treatment outcomes were response rate (RR) and
progression-free  survival (PFS). Kaplan-Meier
estimates were used for the analysis of all
time-to-event variables and the 95% confidence
interval (CI) for the median time to event was
computed. The overall survival (OS) was measured
from the date of chemotherapy to the date of death
from any cause and was censored at the date of the
last follow-up visit. PFS was calculated from the date
of chemotherapy to date of disease progression or
death from any cause or the date of last follow-up.
Variables with p <0.05 were considered significant for
the analysis, and 95% CI were calculated. All
statistical analyses were performed using PASW
Statistics version 23.0 (SPSS Inc., Chicago, IL, USA).

Results

Clinical characteristics of patients

The clinical characteristics of the advanced BTC
patients in the present study are summarized in Table
1. The median age of all patients was 60.5 years
(range, 37-77 years), and 30 (70.2%) patients were
male. The BTC subtype distribution was as follows:
intrahepatic = cholangiocarcinoma (IHCC, n=7),
extrahepatic cholangiocarcinoma (EHCC, n=25) and
gallbladder cancer (GBC, n=12). Liver (52.3%) was a
predominant metastatic site, followed by lymph
nodes (36.4%) and bones (15.9%).
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Table 1. Baseline characteristics of 44 advanced BTC patients Table 2. Tumor response according to c-MET expression
according to c-MET expression
c-MET c-MET P-value
c-MET overexpression non-overexpression
All Non-overexpressio Overexpressio P-valu Gemcitabine ~ Complete 0 0
n n e plus platinum Response

Sex 0.501 as firstline  Partial 3 3
Male 30 21 9 treatment  Response
Female 14 8 6 Stable Disease 2 6
Age median 60.5 (37-77) years 0.722 Progressive 10 20
>65 11 8 3 Disease
<65 33 21 12 Response Rate 20.0% 10.3% 0.394
Subtypes 0.375 Disease control 33.3% 31.0% 1.000
HCC 7 4 3 rate
EHCC 25 18 7
GBC 12 7 5
Differentiation 0.3
Well 6 5 1 (A)
Moderate 26 17 9 10
Poor 9 4 5
NE 3 3 0 PFS 9.0 (95% CI, 7.5-10.5) months
Sites of metastasis 0.717
Liver 23 17 6 08
Lymph node 16 10 6
Other organs 12 8 4
(lung,
bone, 06+
peritoneum)

THCC, intrahepatic cholangiocarcinoma; EHCC, extrahepatic cholangiocarcinoma;
GBC, gallbladder cancer; NE, not estimated

Correlation between c-MET overexpression
and clinical variables

Among the 44 patients analyzed for c-MET
expression, 15 (34.1%) exhibited = ¢-MET
overexpression in tumor tissues. There was no
significant difference in the prevalence of c-MET
overexpression among primary sites of EHCC (7/25,
28.0%), IHCC (3/7, 42.9%), and GBC (5/12, 41.7%).
There was also no significant correlation between
specific clinicopathologic variables and c-MET
expression.

The impact of c-MET overexpression on
treatment outcome

All analyzed patients received gemcitabine plus
platinum chemotherapy as a first line treatment, with
a median cycle number of 7.5 (range 1 to 43) cycles.
Six patients with partial responses were observed,
revealing a RR of 13.6%. Stable disease was observed
in 8 patients (18.2%). The disease control rate (DCR)
was 31.8% (Table 2). Comparing the tumor-response
for gemcitabine plus platinum according to ¢-MET
expression (overexpression vs. non-overexpression),
there was no significant difference for both RR and
DCR (p=0.394 and p >0.999, respectively). The median
PFS for all 44 patients was 9.00 months (95% CI,
7.5-10.5 months) and there was no significant
difference for PFS between patients with c¢-MET
overexpression and those without (p=0.917) (Fig 1).
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Figure 1. (A) Kaplan-Meier curve of PFS in 44 advanced BTC (B) with and
without c-MET overexpression
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c-MET overexpression as a prognostic factor

The median OS was 14.4 months (95% CI,
11.9-16.9 months). There was no a significant
difference in OS between patients with c¢-MET
overexpression and those without (13.7 vs. 144
months, respectively; p=0.708) (Fig 2).
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Figure 2. (A) Kaplan-Meier curve of OS in 44 advanced BTC (B) with and
without c-MET overexpression

Discussion

In the present study, we analyzed the expression
of ¢-MET in advanced BTC patients undergoing
palliative chemotherapy. We also investigated the
value of c-MET overexpression in predicting
treatment response and prognosis for advanced BTC.
Fifteen of 44 patients (34.1%) exhibited c-MET
overexpression in tumor tissues. There was no
significant difference in the prevalence of c-MET
overexpression among primary tumor locations.
Moreover, c-MET expression was not correlated with
treatment outcome and prognosis.

Previous studies of ¢-MET expression in BTC
report positivity ranging from 0-68% [7, 16, 19-22].
The wvariation in these findings results from
differences in the definition of c-MET overexpression,
heterogeneous patient populations, and the small
numbers of cases included. A standard scoring system
for IHC of ¢-MET has not been defined. Herein, we
applied a recently developed scoring system for MET
IHC [18]. In our previous studies, we demonstrated
that MET gene expression level correlates closely with
protein overexpression when assessed using IHC.
Moreover, we reported a high concordance between
MET IHC assessment and NanoString-based
multigene assays including MET [23]. Thus, the MET
IHC method used in the present study is considered a
reasonable assay for c-MET overexpression.

Miyamoto et al. examined the expression of MET
and demonstrated its prognostic impact in patients
with cholangiocarcinoma [16]. Positive MET
expression is significantly associated with poor
prognosis in patients with IHCC, but not EHCC.
Multiple studies have suggested that MET
overexpression is associated with poor survival in
various cancers, including IHCC. In the current study,
c-MET overexpression did not predict survival
outcome. This discrepancy might be caused by
heterogeneous patient characteristics. All patients in
this study had advanced BTC. However, previous
studies have included BTC patients with curative
resection [16, 17]. This difference in aggressiveness
and advanced disease status would affect the
prevalence and prognostic value of c¢-MET
overexpression. Meanwhile, c-MET overexpression
could be a potential therapeutic indicator to treat with
c-MET pathway antagonist. However, there is few
data of c-MET antagonists tested in biliary tract
cancer. Recently, Barat S et al. reported potent
anti-tumor activity of LY2801653, a small molecule
inhibitor with potent activity against MET kinase, in
xenograft model using human intra- and extrahepatic
cholangiocarcinoma cell lines [24]. Future, clinical
trials for MET inhibitor in BTC needs to be conducted.
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The present study has some limitations,
including a small sample size, retrospective nature
and heterogeneous patient population. These
limitations might affect the findings in this study. OS
in our study seemed to be slightly longer as compared
to those of previous studies [25]. Thus, findings from
this study should be interpreted with caution. In spite
of several limitations, this study has several strengths.
We applied a reasonable IHC method to evaluate
¢-MET overexpression and included only advanced
BTC patients, who are for a clinical unmet need.

In conclusion, c¢-MET overexpression was
detected in 34.1% of advanced BTC patients
irrespective of tumor location and did not predict
response to gemcitabine plus platinum or survival.
Further studies are needed to fully elucidate the value
of c-MET overexpression as a novel biomarker in
these patients.
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