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Abstract: Background: Gastric cancer (GC) is the second most frequent cause of cancer deaths worldwide. c-Met,
a receptor tyrosine kinase, transduces signals from extracellular growth factors. c-Met-targeted therapeutics hold a
great potential in treating gastric and related cancers, and a precise evaluation of c-Met expression is a prerequisite
for subsequent treatment. Methods: We compared the sensitivity between one and two paraffin blocks in evaluating
c-Met expression in GC subjects by immunohistochemistry (IHC). A total of 365 GC patients were divided into cohort
1 (n = 206) for the one tumor tissue paraffin block test and cohort 2 (n = 159) for the dual tumor tissue paraffin
block test. In the dual blocks group, we investigated the results from two different paraffin blocks, then we used the
higher one as the final score. Results: Inconsistent c-Met expression in the dual paraffin blocks group occurred in 29
(18.2%) cases. The pooled data in cohort 1 and cohort 2 indicate that when using results from dual paraffin blocks,
the c-Met positive (3+) rate of GC testing could be promoted. Conclusion: In GC, using dual tumor tissue paraffin
blocks instead of one tumor tissue paraffin block is an efficient, economical and practical method of minimizing the
false-negative rate of c-Met status assessment by IHC.
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Introduction

Gastric cancer (GC) is a common type of cancer
and the second most frequent cause of cancer
deaths worldwide [1]. This cancer continues to
have a poor prognosis and few efficacious ther-
apeutic options, particularly in its advanced
stages, although mortality rates for GC are
decreasing [2]. Because cancer in its advanced
stages has such a poor prognosis, new treat-
ment strategies were urgently needed, espe-
cially targeted therapy. Adenocarcinoma is the
predominant histological type of GC (95% of
tumors), and the sub-types are the intestinal,
diffuse, and mixed types, based on the Laurén
classification. However, intra-tumoral heteroge-
neity should be taken into account. For exam-
ple, the intra-tumoral heterogeneity of Her2/
neu protein expression within tumors has been
observed by many pathologists [3, 4]. Also, the
intra-tumoral heterogeneity in GC is much more
significant than it is in breast cancer.

The oncogene c-Met is one of the most studied
factors of cancer-associated receptors and
pathways. c-Met is a tyrosine kinase, a cell-sur-
face receptor for the hepatocyte growth factor
(HGF, also known as scatter factor) involved in
regulating cell proliferation, apoptosis and
migration [5, 6]. In the defined stages of
embryogenesis and organogenesis, c-Met
activity can be detected [7]. The abnormal
amplification of the c-Met gene and/or the over-
expression of the c-Met protein have been veri-
fied in many human carcinomas, including gas-
tric, breast, colorectal, liver and renal cancer
[8]. There are effective methods available now
for the detection of c-Met protein over-expres-
sion and gene amplification, which include
immunohistochemistry (IHC), fluorescence in
situ hybridization (FISH), and others. A signifi-
cant correlation has been found between the
c-Met IHC score and c-Met FISH results [9].
c-Met elevations have been shown to be asso-
ciated with poor clinical outcomes [8, 10, 11]. A
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Figure 1. The entire view of one slide using two paraffin blocks assessing
c-Met expression by IHC. The c-Met expression levels were 1+ and 2+.

series of new drugs for the various targets of
the c-Met pathways have been developed. The
HGF/SF monoclonal antibody is one of the most
promising inhibitors that works towards c-Met
pathways [12]. Rilotumumab combined with
chemotherapy is a promising strategy for late
c-Met-positive GC [13]. SAR125844 inhibits
tumors in a dose-dependent way in GC models
in which c-Met is amplified in [14]. Simm530
inhibits c-Met phosphorylation in a dose-
dependent way and can also inhibit tumor
growth in c-Met-driven GC xenografts [15].
Luteolin can also inhibit tumor growth in
patient-derived human tumor xenograft models
of c-Met-amplified GC [16].

At present, the heterogeneity of c-Met expres-
sion in GC has also been observed [9]. Usually,
because there is no standard guideline for the
c-Met IHC assay, pathologists detect c-Met
expression with one paraffin block of GC tissue
for practical and economic reasons. Assessing
specimens from two paraffin blocks of the
same patient could reduce the false-negative
rate of c-Met assessment due to intra-tumoral
heterogeneity. In our laboratory, two specimens
are fit onto a single slide for c-Met IHC (Figure
1). In this study, we assessed the reliability of
using two paraffin blocks from the same patient
to estimate the c-Met expression level by com-
paring the positive rate between one cohort
using one paraffin block and one cohort using
two tumor tissue paraffin blocks.
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Materials and methods

Patients and clinicopathologi-
cal information collection

Between December 2013 and
. May 2014, a total of 365
\ patients who underwent cura-
tive surgery at the Zhongshan
Hospital for primary gastric
adenocarcinoma and who had
no preoperative treatment
were included in this study.
Those patients were divided
into a cohort using one tumor
tissue paraffin block (cohort 1,
n = 206) and a cohort using
two tumor tissue paraffin
blocks (cohort 2, n = 159)
when evaluating c-Met expres-
sion status by IHC. All patients
provided prior written informed
consent and this study proto-
col received ethics board approval at the
Zhongshan hospital, Fudan University (No.
B2013-057). The following patient characteris-
tics were collected after the diagnosis of GC
was confirmed by histology in all cases: age,
gender, histologic type (adenocarcinoma only
based on World Health Organization [WHO] cri-
teria), Laurén classification, tumor site (proxi-
mal and distal), histological grade, microscopic
tumor extension, lymphatic or venous invasion,
lymph node metastasis, and pTNM stage
(according to seventh edition of the UICC
guidelines).

H&E and IHC staining

The H&E staining was performed as before
[17]. The sections were stained with hematoxy-
lin and eosin, then reviewed by two patholo-
gists to confirm the diagnosis of GC. Trained
pathologists selected paraffin blocks from
each case for the following IHC. The IHC assays
were performed using the c-Met rabbit mono-
clonal antibody (Cell Signaling Technology,
Clone number: EP1454Y) with the iView DAB
Detection Kit (Ventana) on a BenchMark XT
automated staining system (Ventana). The IHC
assay was performed as before [17].

Evaluation of c-Met expression
The c-Met status was assessed by two inde-

pendent observers. If there was any discrepan-
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Figure 2. An example of the c-Met expression pattern detected by IHC. (A) c-Met expression was completely negative
(IHC 0). (B) c-Met expression was immunostained at level 1+. (C) c-Met expression was immunostained at level 2+.
(D) c-Met expression was immunostained at level 3+. Original magnifications x20 (A-D).

cy, the c-Met status was confirmed by a three
observer-based discussion. All of the observers
were blinded with regard to the clinicopatho-
logical characteristics of the patients. In the
present study, the evaluation of the immunos-
taining results was performed by examining the
stain intensity and stain area (double scoring
system) according to a published method with
a previous modification [18]. Briefly, the extent
of positivity was scored as O when no positive
cells were observed; 1 when the percentage of
positive cells was < 35%; 2 when the percent-
age of positive cells was 35-75%; and 3 when
the percentage of positive cells was > 75%. The
intensity was scored as O when no positive
cells were identified; 1, when weak staining
cells were identified; 2, when moderate stain-
ing cells were identified; and 3, when strong
staining positive cells were identified. Multi-
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plying the extent by intensity gave the following
immunohistochemical staining grades as 0, 1,
2, 3,4, 6,and 9. For statistical analyses, grade
0 was considered as no staining, grades 1 and
2, as weak staining (1+), grades 3 and 4, as
moderate staining (2+), and grades 6 and 9, as
strong staining (3+) (Figure 2). We classified
c-Met overexpression 3+ staining as c-Met-pos-
itive (3+). When classified c-Met expression
status in cohort 2, we combined the results
from two different paraffin blocks and chose
the higher one as the final c-Met score.

Statistical analysis

A x? test was used for the univariate analysis;
cross-tabulations with qualitative variables
were analyzed with the Pearson x? test. A
P-value < 0.05 was recorded as statistically sig-
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Table 1. Clinicopathological features of the GC patients

Cohortl Cohort2
Clinical features c-Met 3+,n (%) Pvalue Clinical features c¢-Met3+n (%) P value

Patients (n) 206 39 159 29
Age (years)

Mean + SD 60.8 + 10.6 61.7 + 10.2

Median 61 61
Gender, n (%)

Men 149 (72.3) 31(79.5) 127 (79.8) 28 (84.8)

Women 57 (27.7) 8(20.5) 0.323 32(20.2) 5(15.2) 0.626
Laurén phenotype, n (%) 0.092 0.431

Intestinal 79 (38.4) 19 (48.7) 77 (48.4) 19 (57.6)

Diffuse 54 (26.2) 5(12.8) 34 (21.4) 5(15.2)

mixed 73(35.4) 15 (38.5) 48 (30.2) 9(27.3)

Intestinal vs Diffuse 0.029" 0.395

Intestinal vs mixed 0.605 0.669

Diffuse vs mixed 0.081 0.424

Diffuse vs Intestinal and mixed 0.035" 0.327
Localization, n (%)

Proximal 62 (30.1) 14 (35.9) 66 (41.5) 16 (48.5)

Distal 144 (69.9) 25 (64.1) 0.38 93 (58.5) 17 (51.5) 0.361
pT-category, n (%)

pTla 34 (16.5) 7 (17.9) 19 (11.9) 1(3.1)

pT1lb 31 (15.0) 8(20.5) 19 (11.9) 8(24.2)

pT2 22(10.7) 4 (10.3) 34 (21.4) 8(24.2)

pT3 49 (23.8) 11 (28.2) 35(22.1) 8(24.2)

pT4a 68 (33.0) 9(23.1) 49 (30.8) 7(21.2)

pT4b 2(1.0) 0 (0) 0.65 3(1.9) 1(3.1) 0.057
pN-category, n (%)

pNO 90 (43.7) 21 (53.8) 65 (40.8) 15 (45.5)

pN1 27 (13.1) 4(10.3) 26 (16.4) 7(21.2)

pN2 38(18.4) 7(17.9) 33(20.8) 5(15.2)

pN3a 33(16.0) 6(15.4) 14 (8.8) 2(6.1)

pN3b 18 (8.8) 1(2.6) 0.283 21 (13.2) 4(12.2) 0.766
Lymphatic or venous invasion, n (%)

pL/VO 122 (59.2) 22 (56.4) 94 (59.1) 21 (63.6)

pL/v1i 84 (40.8) 17 (43.6) 65 (40.9) 12 (36.4)
UICCstage(7th edition), n (%)

1A 50 (24.3) 12 (30.8) 27 (16.9) 7(21.2)

1B 10 (4.9) 2(5.1) 20 (12.6) 3(9.1)

1A 10 (4.9) 3(7.7) 12 (7.6) 3(9.1)

[113] 15 (7.3) 1(2.6) 9 (5.7) 2(6.1)

1A 8(3.9) 0 (0) 15 (9.4) 4(12.1)

1B 14 (6.8) 3(7.7) 6(3.8) 1(3.0)

IIC 13 (6.3) 1(2.6) 6(3.8) 1(3.0)

VIV 86 (41.6) 17 (43.6) 64 (40.2) 12 (36.4)
Resected lymph nodes

Mean + SD 33.3+13.7 343+125 32.6+139 30.2 £+ 17.7
Median, n 31 32 29 26
Positive lymph node

Mean + SD 8.8+9.0 71+64 85+8.7 8.7 £ 10.2
Median, n 6 5 5 4
Positive lymph node ration

Mean + SD 0.27 +0.23 0.24 +0.11 0.23+0.26 0.34+0.21
Median, n 0.12 0.16 0.13 0.14
“P<0.05.
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Table 2. Comparison of c-Met protein expression status between the single-block group and the dual-

block group

c-Met immunostaining

Cohort 1 P value

0.336

Cohort 2
The first paraffin block P value The second paraffin block P value Combination
0,n (%) 22(10.7) 12 (7.6) 14 (8.9) 13 (8.2)
1+, n (%) 91(44.2) 76 (47.8) 74 (46.5) 66 (41.5)
2+,n (%) 54(26.2) 42 (26.4) 44 (27.7) 47 (29.6)
3+,n (%) 39(18.9) 0.380 29 (18.2) 27 (16.9) 0.237 33(20.8)
Total 206 159 159 159

Table 3. Consistency and inconsistency of
c-Met expression pattern in the dual-block

group

Consistency, n (%)

Consistent 131 (82.4)

Inconsistent 28 (17.6)
Ovs. 1+ 2 (0.6)
Ov.s. 2+ 0 (0)
Ovs. 3+ 0 (0)
1+ v.s. 2+ 17 (10.7)
1+ v.s. 3+ 1(0.6)
2+ v.s. 3+ 9 (5.7)

Total 159

nificant. All analyses were performed using the
statistical package SPSS version 19.0 (SPSS,
Inc., an IBM Company, Chicago, IL, USA). No
adjustments were made.

Results
Characteristics of GC patients

A total of 365 GC patient surgical samples
were obtained from primary tumors. Clini-
copathological features of the GC patients are
presented in Table 1. We enrolled 206 patients
in cohort 1 (single block group) and 159
patients in cohort 2 (dual blocks group). Of the
patients in cohort 1, the age of the patients
ranged from 31 to 86 years with a median of 61
years of age. 149 (72.3%) patients were male
and 57 (27.7%) were female. An intestinal type
GC was found in 79 (38.4%), a diffuse type in
54 (26.2%), and a mixed type in 73 (35.4%)
patients according to the Laurén classification.
Venous or lymphatic invasion was found in 84
(40.8%) patients. 127 (61.6%) were graded as
poorly cohesive and 79 (38.4%) were non-poor-
ly cohesive based on cell cohesive status
(Table 1).
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In the dual blocks group, the age of the patients
ranged from 34 to 84 years, with a median of
61 years of age. 127 (79.8%) patients were
male and 32 (20.2%) were female. 77 (48.4%)
patients had intestinal type GC, 34 (21.4%)
patients had the diffuse type, and 48 (30.2%)
patients had the mixed type according to the
Laurén classification. 82 of the patients (51.6%)
were poorly cohesive and 77 (48.4%) were non-
poorly cohesive. Venous or lymphatic invasion
was found in 65 (40.9%) patients (Table 1).

c-Met protein expression status by IHC

In the one block cohort, GC tumor tissues which
c-Met scored as O for IHC were 22 (10.7%),
tumor tissues which c-Met scored as 1+, 2+
and 3+ were 91 (44.2%), 54 (26.2%), and 39
(18.9%), respectively (Table 2). In the first par-
affin block group of cohort 2, tumor tissues
which c-Met scored as O, 1+, 2+ and 3+ for IHC
were 12 (7.6%), 76 (47.8%), 42 (26.4%) and 29
(18.2%), respectively (Table 2). In the second
paraffin block group of cohort 2, the c-Met
immunostaining scored as 0, 1+, 2+ and 3+ are
14 (8.9%), 74 (46.5%), 44 (27.7%), and 27
(16.9%), respectively (Table 2).

We found it noteworthy that, in cohort 2, the
c-Met expression status of one paraffin block
varied from its partner in some GC specimens.
Consistent c-Met expression in dual paraffin
blocks presented in 131 (82.4%) cases; how-
ever, an inconsistent c-Met expression in the
dual paraffin blocks occurred in 28 (17.6%)
cases in cohort 2 (Table 3).

Promoted c-Met-positive (3+) rate by using
dual paraffin blocks

We compared the results of c-Met immunos-

taining between the two cohorts. The combined
data in cohort 2 of c-Met immunostaining for
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1+, 2+ and 3+ were 66 (41.5%), 47 (29.6%) and
33 (20.8%), respectively (Table 2). The pooled
data from 206 cases in cohort 1 and 159 cases
in cohort 2 shown in Table 2 indicate that when
using dual paraffin blocks, the c-Met-positive
(3+) rate could be promoted in GC. The c-Met-
positive (3+) rate of cohort 2 is 20.8% com-
pared to 18.9% in cohort 1 (P > 0.05) (Table 2).
In the dual blocks cohort, the c-Met-positive
(3+) rate was increased from 18.2% and 16.9%,
when evaluating only one paraffin block, to
20.8% (P > 0.05).

Correlation between c-Met expression and
Laurén classification

A total of 39 (18.9%) GCs were classified as
c-Met-positive (3+) in cohort 1 as were 33
(20.8%) GCs in cohort 2 (Table 1). The relation-
ship of the c-Met expression status with the
Laurén classification parameters is shown in
Table 1. In cohort 1, c-Met-positive (3+) GC was
significantly associated with intestinal type (P =
0.029) and non-diffuse type (P = 0.035) GC,
but there were no such significant associations
in cohort 2. Moreover, no statistically signifi-
cant differences in the c-Met-positive (3+) rates
by gender, lymphatic or venous invasion were
found for either cohort (P > 0.05) (Table 1).

Discussion

The HGF-c-Met axis is frequently dysregulated
in cancer by c-Met gene amplification, translo-
cation, and mutation, or by the overexpression
of c-Met or HGF. c-Met overexpression has
been reported in a number of human primary
tumors, including gastric, breast, colorectal,
liver, and renal cancer. c-Met plays an impor-
tant role in tumor development, metastasis
and prognosis.

As the only receptor of HGF, the activation and
overexpression of c-Met kinase results in the
activation of downstream signaling, such as the
RAS, PICK3, Beta-catenin and NOTCH path-
ways. The RAS pathway mediates scattering
and proliferation signals which lead to branch
morphogenesis [19]. PICK3 pathways activate
either directly or downstream through the RAS
pathway [20]. The Beta-catenin pathway par-
ticipates in the transcriptional regulation of
numerous genes while the NOTCH pathway
activates through the Delta ligand [21, 22],
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leading to changes in gene expression and cell
behavior, such as increased proliferation, sur-
vival, motility, invasiveness, and the stimulation
of angiogenesis.

Although palliative chemotherapy has been
shown to prolong survival and improve quality
of life, the survival of advanced gastric cancer
(AGC) patients remains poor. With the advent of
targeted therapy, many molecular targeted
agents have been evaluated in clinical studies.
Trastuzumab, an anti-HER2 monoclonal anti-
body, has shown activity against HER2-positive
AGC and became the first targeted agent
approved for AGC [23].

Hence, it has been proposed that targeting the
c-Met receptor by novel biological agents will
inhibit cancer progression at the molecular
level. Several different strategies are being
explored to reach this goal, including the devel-
opment of competitors of MET/HGF, such as
NK4, Tivantinib [24, 25], monoclonal antibod-
ies directed against HGF and c-Met, such as
AMG-102 (rilotumumab), OA5D5 (onartuzumab)
[26, 27], and small-molecule tyrosine kinase
inhibitors directed against c-Met, such as INC-
280, EMD 1214063, GSK1363089 [28-30].
c-Met inhibitors that are currently in clinical tri-
als include Cabozantinib (XL184) and Foretinib,
which was approved by the U.S. FDA in
November 2012 for the treatment of medullary
thyroid cancer [31].

The evidence supporting intra-tumoral hetero-
geneity in GC is accumulating. For example, the
heterogeneity of HER2 gene amplification with-
in a tumor is considered to be an important
potential cause of treatment failure by molecu-
lar analysis-based targeted therapy [32-34]. A
heterogeneous Her2/neu immunostaining has
a major impact on the Her2/neu status classi-
fied in a specimen [35]. However, in GC, c-Met
heterogeneity has not been researched exten-
sively. To clarify this issue, we collected 206
cases using one tumor tissue paraffin block of
primary GCs (cohort 1) and 159 cases using
dual tumor tissue paraffin block (cohort 2) and
performed c-Met analysis by IHC.

Four sections of GC were recommended follow-
ing the guidelines for the handling of surgical
specimens in Rosai and Ackerman’s Surgical
Pathology (10th Edition). In routine diagnosis, it
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is not cost-effective and practical to evaluate
the c-Met IHC status of all the four sampled
paraffin blocks. However, picking two paraffin
blocks for evaluation on one slide is an eco-
nomical, practical and efficient method. The
two selected tissue paraffin blocks can be put
on one slide to save on the cost of extra IHC
reagents [17].

In this study, we promoted the c-Met-positive
(3+) rate from 18.9% to 20.8% in GC (Table 2).
Although this result did not reach significance,
it is still meaningful because the false negative
rate was minimized. A recent study reported
that c-Met immunohistochemistry reflects well
on gene amplification, and it could be a primary
screening test for patient selection for anti-c-
Met target therapy [36]. Every year, over 900
patients with resectable GC undergo curative
surgery at Zhongshan Hospital, so our results
would imply an addition of over 17 patients with
c-Met IHC 3+ who could be a potential target
therapy receiver.

The clinicopathological characteristics of the
patients in both cohorts are generally balanced
(Table 1). It has been reported that Her2/neu
overexpression was more common in intesti-
nal-type GCs compared with diffuse-type GCs
[35, 37]. In this study, we found that samples
with c-Met-positive (3+) were significantly asso-
ciated with intestinal type GC (P = 0.029) in one
paraffin block group (Table 1), indicating a
potential underlying correlation between Her2/
neu overexpression and c-Met amplification.

Conclusions

In routine diagnosis, using dual tumor tissue
paraffin blocks in assessing c-Met expression
status is an efficient, economical and practical
method for the c-Met evaluation of GC. It can
be executed without great additional effort but
gives a more accurate c-Met evaluation result.
A better c-Met positive rate provides beneficial
effects for GC patients.
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