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Mediastinal lymph node metastasis and
recurrence in adenocarcinoma of the
esophagogastric junction
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Background. Whether thorough mediastinal dissection is indicated in patients with Siewert type II
adenocarcinoma of the esophagogastric junction (EGJ) remains controversial. We conducted a
multicenter study to find a preoperative indicator of mediastinal node metastasis.

Methods. We retrospectively collected data on 315 patients with pT2-T4 Siewert type II tumors who
underwent RO or R1 resection. The rates of metastasis or recurrence were investigated for the upper,
middle, and lower mediastinal lymph nodes. Multivariate logistic analysis was used to identify
significant indicators of metastasis or recurrence in the mediastinal nodes.

Results. The overall rates of metastasis or recurrence in the upper, middle, and lower mediastinal lymph
nodes were4 %, 7%, and 11 %, respectively. Rates were significantly higher when the distance from the EG]
to the proximal edge of primary tumor was >3 cm for the upper and middle mediastinal nodes and >2 ¢cm
Sfor the lower mediastinal nodes. Multivariate analysis revealed that this distance was the only factor
significantly associated with metastasis or recurrence in any mediastinal region. The 5-year overall
survival rate in the 12 patients with metastasis in the upyper or middle mediastinal ymph nodes was 17 %.
Conclusion. The distance from the EGJ to the proximal edge of primary tumor may be a significant
indicator of metastasis or recurrence in the mediastinal lymph nodes in patients with Siewert type II
tumors. Thorough mediastinal lymph node dissection via a transthoracic approach may provide a
therapeutic benefit when the distance is >3 cm. (Surgery 2015;157:551-5.)
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ADENOCARCINOMA OF THE ESOPHAGOGASTRIC JUNCTION
(EGJ) is defined as adenocarcinoma with an
epicenter within 5 cm of the EGJ] and extending

YK and N.H. contributed equally to this work,

Conflict of Interest Disclosures: All authors have no conflicts of
interest or financial ties to disclose.

Accepted for publication August 7, 2014.

Reprintrequests: Takaki Yoshikawa, MD, Kanagawa Cancer Center,
Department of Surgery, 1-1-2 Nakao, Asahi-Ku, Yokohama 241-
0815, Japan. E-mail: yoshikawat@kcch,jp or Hiroya Takeuchi,
MD, Keio University School of Medicine, Department of
Surgery, 35 Shinanomachi, Shinjukuku, Tokyo, 160-8582,
Japan. E-mail: htakeuchi@ab keio jp.

0039-6060/% - see front matter

© 2015 Elsevier Inc. All rights reserved.

hutp://dx.doi.org/10.1016/].5urg.2014.08.099

into the esophagus.’ The incidence of EGJ
adenocarcinoma has increased substantially in
the past few decades.”* EGJ adenocarcinoma is
usually classified into 3 categories according to
the Siewert system, which is based on the location
of the epicenter.” Siewert type I tumors are
located between 1 and 5 cm above the EGJ and
usually arise from an area of intestinal metaplasia
in the esophagus. Siewert type II tumors, located
1 cm above to 2 cm below the EGJ, represent true
carcinoma of the EGJ that arises from the epithe-
lium of the cardia or short segments of intestinal
metaplasia at the EGJ. Siewert type III rumors
represent subcardial gastric cancer located 2-
5 cm below the EGJ with invasion of the distal
esophagus.
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The operative approach for EGJ] adenocarci-
noma is mainly based on tumor location, that is,
the Siewert classification. The transthoracic
approach is frequently used for upper (Siewert
type I) tumors, whereas the transhiatal approach is
used for lower (Siewert type III) tumors. Siewert
type II tumors fall between types I and III in most
characteristics, so both types of approaches have
been attempted for Siewert type II tumors.
Although lymph nodes in the lower mediastinal
region can be dissected via either approach, the
dissection of the upper or middle mediastinal
region can be performed only via the transthoracic
approach. A Dutch group has conducted a ran-
domized, controlled trial comparing the right
transthoracic and transhiatal approaches for Sie-
wert type I and II tumors.® Because the survival of
patients with Siewert type II tumors was almost the
same across both groups, thorough mediastinal
dissection via a right thoracotomy could not be rec-
ommended for Siewert type II tumors. However,
subgroup analysis of patients with limited lymph
node metastasis showed that survival in the thora-
cotomy group was significantly better than survival
in the transhiatal group,” which suggests that there
might be a population with a chance for improved
survival with thorough mediastinal dissection via a
right thoracotomy. We conducted a multicenter,
retrospective study to find a preoperative indicator
of mediastinal node metastasis.

METHODS

Patient population. This study included 315
patients with Siewert type II tumors who underwent
resection at 7 institutions between March 1986 and
October 2010. All tumors were histologically diag-
nosed as adenocarcinoma. Patients with huge tu-
mors (>10 cm) were excluded from this study.
Pathologic T and N stages were based on the Inter-
national Union Against Cancer tumor-node~metas-
tasis (TNM) staging system.' Pathologic T1 tumors
or palliative (R2) cases were excluded from this
study. The types of surgical approach, esophagec-
tomy, and gastrectomy were not specified in this
study. This study (HIK-01) was approved by the
Steering Committee of the Young Gastric Surgeons
Research Group in Japan and institutional review
board of the Osaka University Hospital.

Statistical analysis. The primary endpoint of this
study was the rate of metastasis or recurrence in the
mediastinal lymph nodes. Mediastinal nodes were
classified as belonging to 1 of 3 regions. The upper
mediastinal region included upper thoracic para-
esophageal, left or right recurrent nerve, pretra-
cheal, and left or right tracheobronchial lymph
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nodes. The middle mediastinal region included
subcarinal, middle thoracic paraesophageal, and
left or right main bronchus lymph nodes. The lower
mediastinal region included lower thoracic para-
esophageal, supradiaphragmatic, and posterior
mediastinal lymph nodes.

Recurrence-free survival was defined as the time
from surgery to either the first recurrence or death
from any cauvse. Survival curves were estimated
using the Kaplan-Meier method. The impact of
clinicopathologic factors on lymph node metas-
tasis or recurrence was investigated using multivar-
iate logistic regression analysis. All statistical
analyses were performed using SPSS Statistics
software, version 20 (IBM Corp, Armonk, NY).

RESULTS

The clinicopathologic characteristics of the 315
patients are shown in Table I. The median tumor
size was 5.5 ¢m and the median distance from
the EGJ to the proximal edge of primary tumor
was 1.5 cm. Right thoracotomy was performed in
30% of patients. Pathologically positive lymph no-
des were shown in 76% of patients.

Of the 315 patients, there were 18 (6%), 33
(11%), and 176 (56%) patients who underwent
upper, middle, and lower mediastinal regional
Iymph node dissection, respectively. Metastasis rates
among the dissected cases were >16% in any
mediastinal lymph node region, and recurrence
rates among the undissected cases were <4% in
any region (Table II). The overall rates of metastasis
or recurrence in the upper, middle, and lower medi-
astinal lymph nodes were 4%, 7%, and 11%, respec-
tively. Metastasis or recurrence rates were evaluated
after dividing patients into 4 subgroups according
to the distance from the EG]J to the proximal edge
of primary tumor (Table III). The rate of metastasis
orrecurrence in the upper or middle mediastinal no-
des was significantly higher when the distance was
>3 cm, and >2 cm for the lower mediastinal nodes.

Multivariate logistic regression analysis was con-
ducted using 4 factors (histologic type, tumor size,
pT stage, and distance from the EGJ to the
proximal edge of primary tumor) for each of the
8 regions. Only the distance from the EG]J to the
proximal edge of primary tumor was significantly
associated with metastasis or recurrence in any
mediastinal lymph node region (upper mediastinal
nodes, P=.009; middle mediastinal nodes, P=.0086;
lower mediastinal nodes, P= .008; Table IV). When
multivariate analysis was conducted using 5 factors,
including preoperative chemotherapy, the signifi-
cant results for the distance from the EGJ to the
proximal edge were essentially unchanged (upper
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Table 1. Clinicopathologic characteristics
(n = 315)

n (%} or median

Characteristic (range)

Age (v} 63 (18-88)
Sex

Male 248 (78.7)

Female 67 (21.3)
Histologic type

Differentiated 198 (62.9)

Undifferentiated 112 (35.6)

Unknown 5 (1.6)
Tumor size {cm) 5.5 (0.8-10.0)
Distance from the EGJ to the 1.5 (0-5.5)

proximal edge of primary

tumor (cm)
Surgical approach

Transhiatal 192 (61.0)

Right thoracotomy 93 (29.5)

Left thoracotomy 30 (9.5)
Type of esophagectomy

Lower 293 (93.0)

Subtotal 22 (7.0)
Type of gastrectomy

Total 243 (77.1)

Proximal 72 (22.9)
Pathologic T stage

12 57 (18.1)

T3 142 (45.1)

T4 116 (36.8)
Pathologic N stage

NO 75 (23.8)

N1 68 (21.6)

N2 87 (27.6)

N3 85 (27.0)
Preoperative chemotherapy

No 271 (86.0)

Yes 44 (14.0)

Tand N stages are based on the International Union Against Cancer tu-
mor-node-metastasis (TNM) classification, 7th edition.
EG]J, Esophagogastric junction,

mediastinal nodes, P=.009; middle mediastinal no-
des, P = .005; lower mediastinal nodes, P=.010).
After a median follow-up of 60 months for
censored patients, the 5year overall and
recurrencefree survival rates of all 315 patients
were 51% and 43%, respectively (Figure). The 5-
year overall survival rate of the 12 patients with metas-
tasis in the upper or middle mediastinal lymph nodes
was 17%, compared with 23% for the 31 patients with
metastasis in the lower mediastinal lymph nodes.

DISCUSSION

This study demonstrates that the metastasis or
recmrrence rate in the mediastinal nodes varies
remarkably according to the distance from the EGJ
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to the proximal edge of primary tumor. Patients
with a distance of >3 cm had a much greater
probability of metastasis or recurrence in the
upper or middle mediastinal nodes. We cannot
dissect the lymph nodes in these regions via the
transhiatal approach, although the lymph nodes in
the lower mediastinal region can be dissected
partially. The 5-year overall survival rate in the
patients with metastasis in the upper or middle
mediastinal lymph nodes was around 20%. Thus, a
right transthoracic approach may be better when
the distance from the EGJ to the proximal edge of
primary tumor is >3 cm, not only for ensuring an
adequate proximal margin, but also for thorough
mediastinal lymph node dissection.

A Dutch trial comparing the right transthoracic
and transhiatal approaches in patients with Siewert
type Iand II tumors found no difference in survival
between the 2 approaches.” Subgroup analysis
showed that thorough mediastinal dissection via a
right thoracotomy significantly improved survival
in patients with metastasis in 1-8 lymph nodes, How-
ever, because the number of metastatic lymph nodes
cannotbe evaluated preoperatively, we have to select
either the right transthoracic or transhiatal
approach without adequate information, balancing
the morbidity of a right thoracotomy against the po-
tential survival benefit. In our study, 17 of the 36 pa-
tients (47%) with tumors >3 em from the EG]J to its
proximal edge of primary tumor had metastases in
1-8 lymph nodes. Thus, these 2 subgroups would
share many of the same patients. Because we can
know the distance from the EGJ to the proximal
edge of primary tumor preoperatively by esophago-
gastroduodenoscopy or upper gastrointestinal se-
ries, it would be a more useful indication for
thorough mediastinal dissection via a right thoracot-
omy to obtain therapeutic benefit.

A Japanese group conducted another random-
ized, controlled trial comparing the left transtho-
racic and transhiatal approaches in patients with
mainly Siewert type I and III tumors.® Although the
left transthoracic approach enabled complete
dissection of the lower mediastinal nodes, this study
demonstrated that there was no survival benefitand
higher morbidity associated with the transthoracic
approach. However, this Japanese randomized,
controlled trial excluded patients if the distance
from the EGJ to the proximal edge of primary tumor
was >3 cm. The present study indicates that the rate
of metastasis or recurrence in the lower mediastinal
nodes was remarkably higher when the distance is
>2 cm, which might be 1 reason why the previous
Japanese randomized, control trial failed to demon-
strate a survival benefit with the left transthoracic
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Table I Metastasis or recurrence rates in the upper, middle, and lower mediastinal lymph nodes

Recurrence rate among

Location of mediastinal Metastasis rate among patients who patienis who did not undergo Overall metastasis or
lymph nodes underwent dissection, % (/N) dissection, % (n/N) recurrence rate, % (n/N)
Upper 16.7 (3/18) 3.0 (9/297) 3.8 (12/315)
Middle , 33.3 (11/33) 3.9 (11/282) 7.0 (22/315)
Lower 17.6 (31/176) 3.6 (5/139) : 11.4 (36/315)

Table III. Metastasis or recurrence rates in the upper, middle, and lower mediastinal lymph nodes stratified
by the distance from the EGJ to the proximal edge of primary tumor

Distance from the EGJ to the proximal edge of primary tumor (cm), % (n/N)

Location of mediastinal nodes 0-1.0 1.1-2.0 2.1-3.0 >3.0
Upper 0.9 (1/115) 1.1 (1/90) 6.8 (5/74) 13.9 (5/36)
Middle 2.6 (3/115) 5.6 (5/90) 9.5 (7/74) 19.4 (7/36)
Lower 1.7 (2/115) 5.6 (5/90) 24.3 (18/74) 30.6 (11/36)

EG], Esaphagogastric junction.

Table IV. Multivariate analysis of metastasis or recurrence in the upper, middle, and lower mediastinal
lymph nodes

Upper mediastinal nodes M:iddle mediastinal nodes Lower mediasiinal nodes
Variable OR 95% CI P uvalue OR 95% CI P wvalue OR 95% CI' P value
Histology undifferentiated 298 0.81-10.50 .089 154 0.60-3.93 37 0.71 0.32-1.59 .41
Tumor size > 5.0 cm 2.256 0.40~12.49 .36 0.75 0.27-2.13 .59 147 0.63-3.42 .37
Pathologic T stage T34 0.96 0.11-8.61 97 3.70 0.46-29.47 22 2.97 0.66-13.35 .16
Distance from the EGJ 6.74 1.63-27.95 009 482 1.56-14.92 006 3.30 1.36-8.02 .008

to the proximal edge
of primary tumor > 3.0 cm

T stage is based on the International Union Against Cancer tumor-node-metastasis (TNM) classification, 7th edition.
EG]J, Esophagogastric junction.
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Figure. Overall survival curves (A) and recurrence-free survival curves (B) in patients with Siewert type II tumors.

approach, even in the subgroup of patients with Sie- lower mediastinal nodes was 18%. This rate was
wert type 11 tamors. similar to that in previous studies.”’® On the other

In our study, more than one half of the patients hand, because only 5-10% of patients underwent
underwent lymph node dissection in the lower Iymph node dissection in the upper and middle
mediastinal region, and the metastasis rate in the mediastinal regions, selection bias may be an issue.
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Instead, we investigated the recurrence rate among
patients who did not undergo dissection, with a
long follow-up period. However, recurrence does
not always reflect metastasis at the time of surgery,
particularly in patients with recurrence in the sys-
temic lymph nodes. A nationwide, large-scale, pro-
spective study to more accurately determine the
rate of metastasis to the mediastinal nodes in EGJ
cancer is now ongoing in Japan.

Another limitation of this study was the lack of
treatment allocation. The choice of operative
methods (transhiatal or thoracotomy; undergo
mediastinal lymph node dissection or not) de-
pended on the preference of each participating
institution. The low rate (<4%) of mediastinal
lymph node recurrence among the undissected
cases was probably owing to appropriate selection
by surgeon not to undergo mediastinal lymph node
dissection. Indeed, the proportion of patients with
tumors >3 cm from the EG]J to the proximal tumor
edge among 33 dissected cases accounted for one
third, whereas that among 282 undissected cases
was only 9% (P < .001). Surgeon judgment, there-
fore, in this study was reliable in predicting medias-
tinal recurrence. Preoperative chemotherapy was
also accomplished by surgeon preference in this
study. Although preoperative chemotherapy has
been reported to contribute to tumor downstaging
and improved survival,'*'® only 14% of patients
received preoperative chemotherapy in this study.
We also confirmed no significant effect of preoper-
ative chemotherapy on the metastasis or recurrence
rate by multivariate analysis.

To our knowledge, this is the first study to
evaluate the relationship between the distance
from the EGJ to the proximal tumor edge and the
metastasis or recurrence rate in the mediastinal
lymph nodes. We recommend preoperative evalua-
tion of the distance from the EG]J to the proximal
tumor edge to consider the indication of thorough
mediastinal dissection. A randomized, controlled
trial iswarranted to evaluate the efficacy of thorough
mediastinal dissection for this patient population.
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Abstract

Background Although some small-scale studies have
suggested that human epidermal growth factor receptor 2
(HER?2)-positive status in gastric cancer is associated with
poor outcomes, the prognostic value of HER?2 is still con-
troversial. Since intratumoral HER? heterogeneity is also an
important issue, 2 multicenter large-scale study was con-
ducted to evalnate the prognostic impacts of HER2
expression and intratumoral heterogeneity in gastric cancer.
Methods This study included 1,148 gastric cancer
patients who underwent gastrectomy in 11 institutions.
HER2 expression was centrally evaluated with
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immunohistochemistry and fluorescence in situ hybridiza-
tion, and intratumoral HER2 heterogeneity was evaluated
for HER2-positive tumors. Overall survival was compared
between HER2-positive and HER2-negative patients and
between the homogeneous and heterogeneous groups.
Results 'The HER2-positive rate was 15.7 %, and HER2
expression was significantly associated with histological
type. HER2 expression scores obtained by immunohisto-
chemistry showed a distinct influence on survival, and
HER2-positive patients showed much poorer survival than
HERZ2-negative patients [hazard ratio (HR) 1.59, 95 %
confidence interval (CI} 1.24-2.02; P < 0.001). The sub-
group analysis by pathological tumor stage showed a sim-~
ilar trend of poor survival in HER2-positive patients. Both
intestinal type and diffuse type showed significant poor
survival in HER2-positive patients. Cox multivariate ana-
lysis revealed that HERZ expression was an independent
prognostic factor (HR 196, 95% CI 1.51-2.55;
P < 0.001). HER?2 heterogeneity was observed in 75.4 % of
HER2-positive cases, but the prognosis in the heteroge-
neous group was similar to that in the homogeneous group.
Conclusions OQur study demonstrated that HER2 overex-
pression is an independent prognostic factor in patients
with any stage of resectable gastric cancer. Intraturnoral
HER? heterogeneity did not affect prognosis.

Keywords Human epidermal growth factor receptor 2 -
Epidermal growth factor receptor 2 - ERBB2 -
Trastuzumab - Heterogeneity

Intreduction

Gastric cancer remains a major health issue and a frequent
cause of cancer death worldwide, although the prevalence
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and mortality of the disease have gradually decreased [1].
In eastern Asia, including Japan, the incidence of gastric
cancer is still high despite advances in treatment and sub-
sequent improvements in prognosis. Complete resection of
localized twmors is the primary treatment, but recurrence
and metastatic spread occur frequently nevertheless. The
development of new agents and combination chemothera-
pies for advanced gastric cancer has led to a steady increase
in overall survival (OS). Recently, targeted therapies have
significantly impacted the treatment strategy for many
common malignancies, including breast, colorectal, and
lung cancers. Among these targeted therapies, monoclonal
antibody against human epidermal growth factor receptor 2
(HER2) was demonstrated to be highly effective in HER2-
positive breast cancer, and was approved by the US Food
and Drug Administration as the first molecularly targeted
agent for solid cancer [2]. In breast cancer, it is well known
that HER2 overexpression is a prognostic factor and also a
predictive factor for treatment with trastuzumab (anti-
human HER2 monoclonal antibody) [3, 4]. In addition, a
randomized controlled trial (ToGA study) recently dem-
onstrated that treatment with trastuzumab could extend the
OS of patients with HER2-positive gastric cancer [5].

Regarding the relationship between HER2 status and
prognosis, some studies have suggested that HER2-positive
status in gastric cancer is associated with poor outcomes
and aggressive disease [6-8]. However, the sample sizes of
these studies were relatively small, and not all studies have
shown an association with poor outcomes [9, 10], so the
prognostic value of HER2 in gastric cancer is still con-
troversial. We therefore conducted a multicenter large-
scale study to clarify the prognostic impact of HER2
expression in patients with gastric cancer. Furthermore,
since intratumoral HERZ2 heterogeneity is an important
issue, especially in gastric cancer [11], we evaluated the
clinicopathological characteristics of heterogeneous cases
and their impact on prognosis.

Methods
Patient population

This study included patients with gastric cancer of any
stage who underwent gastrectomy between 2000 and 2006
at any of the 11 institutions of the Osaka University
Clinical Research Group for Gastroenterological Surgery.
Patients who received chemotherapy or radiation therapy
before surgery were excluded. No patients were given
trastuzumab, even after recurrence. All tumors were his-
tologically diagnosed as adenocarcinoma of the stomach.

Pathological tumor staging was performed according to the

seventh edition of the International Union Against Cancer

A Springer

TNM classification [12]. This study was approved by the
institutional review board of each institution involved.

Immunohistochemistry

Archived formalin-fixed, paraffin-embedded specimens
were shipped to the institution performing central pathol-
ogy review. Each specimen was composed of several
blocks of tamor oriented longitudinally from proximal to
distal stomach, including adjacent normal gastric tissue in
each case. Immunohistochemical analysis was carried out
on 4-pm-thick tissue sections. The primary antibody was
mouse monoclonal anti-HER2 (clone 4B5, Ventana Med-
ical Systems, Tucson, AZ, USA). Immunostaining was
performed using a Ventana BenchMark XT® autoimmu-
nostainer with an iVIEW DAB universal kit (Ventana
Medical Systems, Tucson, AZ, USA). Antigen retrieval
was performed by autoclaving in EDTA-base buffer, pH
8.5 at 98 °C for 60 min. After endogenous peroxidase had
been briefly blocked, the sections were incubated with
primary antibodies at 37 °C for 32 min, then incubated
with a mixture of goat biotinylated anti-mouse IgG, anti-
mouse IgM, and anti-rabbit IgG antibodies for 8 min and
with peroxidase-conjugated streptavidin for 8 min. Visu-
alization was performed by incubation in 3-diaminobenzi-
dine solution for 8 min, followed by signal amplification
with copper sulfate for 4 min and counterstaining with
hematoxylin for 4 min. Specimens of HER2-positive breast
cancer were used as a positive control, and slides processed
without the primary antibodies were used as negative
controls.

Evaluations

Central pathologists independently performed immunohis-
tochemical analysis without prior knowledge of the
patients’ clinical data. Immunostaining of the cell mem-
branes of HER2-positive tumors was scored using a four-
grade scale (0/ 1+/ 2+/ 3-+) (ToGA score): 0, no reactivity
or membranous reactivity in less than 10 % of tumor cells;
1+, faint or barely perceptible membranous reactivity in at
least 10 % of tumor cells; 24-, weak to moderate complete,
bagolateral or lateral membranous reactivity in at least
10 % of tumor cells; and 3--, strong complete, basolateral
or lateral membranous reactivity in at least 10 % of tumor
cells. For specimens with an immunohistochemistry (IHC)
score of 2+ only, fluorescence in situ hybridization (FISH)
analysis of HER?2 status was performed with a Path Vysion
HER2 DNA probe kit (Vysis/Abbott, Abbott Park, IL,
USA) following the manufacturer’s instructions. For FISH,
the total numbers of HER2 and chromosome 17 signals
were counted in at least 20 tumor cell nuclei in two dif-
ferent areas. The HER2/chromosome 17 ratios were
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interpreted in accordance with the ToGA FISH scoring
scheme for HER2 testing in gastric and gastroesophageal
junction cancer as follows: less than 2.0, HER2 gene not
amplified; 2.0 or more, HER2 gene amplified. An IC
score of 3+ or an JTHC score of 2+ with FISH positivity
was defined as HER2 positive, whereas IHC scores of 0 or
14, or an THC score of 24 with FISH negativity was
defined as HER?2 negative [5, 11]. Regarding intratumoral
heterogeneity of HER2 overexpression, cases with HER2
IHC scores of 2+ or 3+ in more than 90 % of tumor cells
were considered to be homogeneous, whereas heteroge-
neous cases were defined as those in which 10-90 % of
tumor cells had THC scores of 2+ or 3+.

Statistical analysis

The relationship between HER2 expression and clinico-
pathological factors was analyzed using the chi square test
for categorical variables and the Mann~Whitney U test for
continuous variables. OS was defined as the interval from
the date of surgery to the date of death from any cause.
Survival rates were estimated using the Kaplan-Meier
method and were compared with the log-rank test. The
hazard ratio (HR) for death in HER2-positive patients was
estimated with a Cox proportional hazard model. Multi-
variate Cox regression analysis was performed to adjust for
potential confounding factors. P < 0.05 was considered
statistically significant. All statistical analyses were per-
formed using SPSS Statistics, version 20 (IBM, Armonk,
NY, USA).

Results
Expression status

The IHC results for HER2 expression in 1,148 tumors
were as follows: score 0, 657 (57.2 %); score 1+, 207
(18.0 %); score 2+, 123 (10.7 %); aund score 34, 161
(14.0 %). Of the 123 tumors with an IHC score of 2+, 19
(15.4 %) were HER2 positive by FISH. In total, 180
(15.7 %) of all 1,148 tumors were diagnosed as HER2
positive. The patients’ clinicopathological factors were
compared by HER2 status (Table 1). HERZ2-positive
cases were found more frequently in the intestinal type of
adenocarcinoma (P < 0.001). Tumors located in the
upper body of the stomach were more likely to be HER2
positive. The HER2 positivity rates according to the
pathological tumor staging were 164 % in stage I
tumors, 11.8 % in stage II tumors, 13.3 % in stage Il
tumors, and 24.3 % in stage IV tumors, respectively. The
other factors, including pT and pN stages, showed no
correlation with HER2 positivity.

Table 1 Characteristics of 1,148 patients
HER2 negative P

Characteristics HER2 positive

{(n = 180) (n = 968)
Age (years)
Median 67.5 67 0.17
Range 37-87 31-98
Sex
Male 133 657 0.11
Female 47 311
Location
Upper 49 206 0.078
Middle/ 131 762
lower
Histological type
Intestinal 142 478 <0.001
type
Diffuse type 38 490
pT
T1 76 369 0.36
T2 24 106
T3 32 220
T4 48 273
pN
NoO 90 517 0.21
N1 22 154
N2 28 134
N3 40 163
Pathological stage
| 79 403 0.006
o 30 225
I 35 228
v 36 112

HER2 human epidermal growth factor receptor 2

Survival rates

After the median follow-up period of 62 months, the OS in
1,148 patients was analyzed to evaluate the prognostic
impact of HER2 expression, HER2 expression scores
obtained by IHC showed a distinct influence on survival,
although patients with HER2 expression scores of both 1+
and 24 had similar survival curves (Fig. 1a). When we
compared OS in terms of HERZ status, patients with
HER?2-positive gastric cancer showed much poorer survival
than those whose tumors were HER2 negative [HR 1.59,
95 % confidence interval (CI) 1.24-2.02; log-rank
P < 0.001] (Fig. 1b).

Subgroup analysis by pathological tumor stage showed a
similar trend of poor survival in HER2-positive patients,
although a higher HR for death was obtained in earlier
stages, as follows: stage I, HR 2.04 (95 % CI 1.14-3.65),
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Fig. 1 Kaplan-Meier overall survival for all 1,148 patients according to a hwman epidermal growth factor receptor 2 (HERZ2)

immunohistochemistry (IHC) scores, and b HER2 overexpression status

P=0.015 (Fig.2a); stage II, HR189 (95% CI
1.02-3.53), P = 0.041 (Fig. 2b); stage III, HR 1.47 (95 %
CI 0.95-2.28), P = 0.082 (Fig. 2¢); and stage IV, HR 1.43
(95 % CI 0.95-2.16), P = 0.084 (Fig. 2d). Regarding the
histological type, both intestinal type and diffuse type
showed significantly poor survival in HER2-positive
patients [intestinal type, HR 1.70 (85 % CI 1.26~2.30),
P < 0.001; diffuse type, HR 1.88 (95 % CI 1.20-2.97),
P = 0.005]. HER2 positivity was also associated with
significantly poorer survival both in patients who received
adjuvant treatment and in those who did not [with adjuvant,
HR 1.94 (95 % CI 1.34-2.80), P < 0.001; without adju-
vant, HR 1.46 (95 % CI 1.05-2.04), P = 0.023].

Cox multivariate analysis of HER2 status and seven
clinicopathological factors (age, sex, location, histological
type, pT, pN, adjuvant chemotherapy) revealed that age, pT
stage, pN stage, and HER2 status were independent sig-
nificant prognostic factors (Table 2). The adjusted HR for
death in HER2-positive patients was 1.96 (95 % CI
1.51-2.55).

HER?2 heterogeneity

Intratumoral heterogeneity of HER2 overexpression by
THC was evaluated for HER2-positive tumors. Of the 175
tumors that could be evaluated for heterogeneity, 132
(75.4 %) showed heterogeneous HER2 overexpression
(Fig. 3). There were no homogeneous cases among the 18
tumors that had THC scores of 24-. Heterogeneous cases
were significantly more likely to be classified as the diffuse
type (Table 3). The distribution of pT stage also differed
significantly between the homogeneous and heterogeneous
groups. The OS in the heterogeneous group was similar to
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that in the homogeneous group (HR 0.88, 95 % CI
0.54-1.45; P = 0.63) (Fig. 4).

Discussion

Our multicenter large-scale study of 1,148 patients dem-
onstrated that HER2 overexpression was a significant fac-
tor associated with poor prognosis in patients with
resectable gastric cancer. Differences in HER2 expression
scores (0/1+, 2+/3+) obtained by IHC showed a distinct
influence on OS. HER2-positive patients with cancer of all
stages had shorter survival than HER2-negative patients.
Although the prognostic impact of HER2 expression in
patients with resectable gastric cancer has been previously
examined in many small-scale retrospective studies, the
prognostic value of HER2 is still controversial. A recent
systematic review which included only studies with over
100 patients reported that most of the publications (71 %)
showed that a HERZ2-positive status was associated with
poor survival and/or clinicopathological characteristics,
such as serosal invasion, lymph node metastases, or distant
metastases [13]. Kim et al. [8] performed a tissue micro-
array analysis of HER2 expression in 595 Korean gastric
cancer patients and found that HER2 overexpression was
an independent prognostic factor in differentiated, resect-
able gastric cancer. On the other hand, Terashima et al,
[10] reported no survival impact of HERZ2 expression in
829 Japanese gastric cancer patients. Several Japanese
investigators might have considered this as a final answer
to the long-debated issue, since the study analyzed a large
number of archival specimens obtained in collaboration
with the pivotal nationwide phase I trial. Curiously, the
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Fig. 2 Kaplan-Meier overall survival for patients with different stages of gastric cancer: a 482 patients with stage I cancer; b 255 patients with
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Table 2 Multivariate overall survival analysis

Variables Category HR (95 % CI) P

Age (years} >70 2.05 (1.67-2.51) <0.001
Sex Male 1.23 (0.97-1.54)  0.085
Location Upper 1.25 (1.00-1.56)  0.055
Histological type Diffuse type 107 (0.86-1.33)  0.57
pT T3-4 3.23 (2.44-4.27) <0.001
pN NI-3 2.90 (2.22-3.77) <0.001
Adjuvant chemotherapy  Yes 1.24 (1.00-1.55)  0.055
HER2 Positive 1.96 (1.51-2.55) <0.001

C7 confidence interval, AR hazard ratio

HER2 positivity rate (13.6 %) in the study of Terashima
et al. was relatively low compared with the rates obtained
in other large-scale studies, although whether this explains ~ Fig. 3 Intratumoral heterogeneity of HER2 overexpression
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Table 3 Characteristics of 175 HER2-positive patients stratified by
intratumoral HER?2 heterogeneity

Characteristics Homogeneous Heterogeneous P
(n = 43) {n = 132)
Age (years)
Median 66 68 0.27
Range 46-80 37-87
Sex
Male 34 97 0.46
Female 9 35
Location
Upper 13 32 0.44
Middle/ 30 100
lower
Histological type
Intestinal 40 99 0.011
type
Diffuse type 3 33
pT
T1 13 60 0.008
T2 5 19
T3 15 16
T4 10 37
pN
NO 17 69 0.17
Ni 6 16
N2 11 16
N3 9 31
Pathological stage
I 14 62 0.32
il 8 21
m 9 26
v 12 23
HER? IHC score
2+ 0 18 0.011
34 43 114
JHC immunochistochemistry

the difference in the results between the study of Terashima
et al. and our study is unknown. The HER? positivity rate
in our study (15.7 %) was similar not only to that in the
Western ToGA study (16.6 %), but also to that in a recent
Japanese cohort study (15.5 %) [14, 15].

Some studies have evaluated the prognostic impact of
HER2 expression also in unresectable or recurrent gastric
cancer. Janjigian et al. [16] conducted a retrospective
multicenter study examining HER2 expression in 381
Western patients with metastatic gastric or esophagogastric
junction cancer, and reported that HER2 overexpression
was not an independent prognostic factor. Shitara et al. [17]
conducted a retrospective study in Japanese patients with
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Fig. 4 Kaplan-Meier overall survival for 175 HER2-positive patients
stratified by intratumoral HER2 heterogeneity

unresectable or recurrent gastric cancer, and reported that
the OS in 15 HER2-positive patients not receiving trast-
uzumab treatment was similar to that in 306 HER2-nega-
tive patients. Recently, a Chinese prospective cohort study
showed that 51 HER2-positive patients receiving trast-
uzumab had prognoses comparable to those of 251 patients
with HERZ-negative advanced gastric cancer, whereas 47
HER2-positive patients not receiving trastuzumab had the
poorest prognosis [18]. Although our large-scale study
demonstrated that HER2 expression is an independent
prognostic factor in resectable gastric cancer, the prog-
nostic value of HER? status in unresectable or recurrent
gastric cancer is still unknown, Indeed, there were smaller
differences between HER2-positive and HER2-negative
patients in the stage IV cancer subgroup than in the stage I
cancer, stage II cancer and stage III cancer subgroups. We
anticipate that an ongoing cohort study evaluating HER?2
expression in patients with unresectable or recurrent gastric
cancer will clarify this issue.

Intratumoral HER2 heterogeneity is important because it
may lead to inaccurate assessment of HER2 status and the
consequent inappropriate choice of trastuzumab treatment. It
has been reported that HER2 heterogeneity is more frequent
in gastric cancer than in breast cancer [11]. Indeed, intra-
tumoral HER2 heterogeneity by IHC was observed in three
quarters of the HER2-positive tumors in our study. Lee
et al.[19] reported that HER2 homogeneity conferred poorer
survival than HER2 heterogeneity in a small-scale (n = 64)
retrospective study. Our study also revealed that heteroge-
neity was more frequent in diffuse-type tumors and in
tumors with and IHC score of 2+, and that there was no
impact on prognosis. However, the impact on trastuzumab
response remains unclear, so further studies to evaluate the
therapeutic impact of HER2 heterogeneity are warranted.
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To our knowledge, this is the first study to evaluate
HER?2 status in over 1,100 patients with gastric cancer. In
conclusion, our multicenter large-scale study demonstrated
that HER2 overexpression is an independent prognostic
factor in gastric cancer patients. Although intratumoral
HERZ2 heterogeneity was observed frequently, it did not
affect prognosis at all,
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ABSTRACT

Background. Various kinds of molecular targeted drugs to
inhibit receptor tyrosine kinases (RTKs) have been recently
developed. The relationship between the expression status
of major RTKs and prognosis in gastric cancer remains
unclear. We conducted a multicenter study to evaluate the
prognostic impact of the expression of epidermal growth
factor receptor (EGFR), c-Met, platelet-derived growth
factor receptor (PDGFR), and c-Kit in gastric cancer.
Methods. This study included 153 gastric cancer patients
who underwent gastrectomy at 9 institutions between 2000
and 2006, Expression status of EGFR, ¢c-Met, PDGFR, and
¢-Kit were evaluated with immunohistochemistry (IHC)
centrally. Overall survival based on RTK expression status
was statistically compared. Cox multivariate analysis was
conducted to adjust for potentially confounding factors.
Results. The positive rates for EGFR, c-Met, PDGFR, and
c-Kit were 14.4, 24.8, 41.2, and 11.1 %, respectively.
Significant interactions with expression status were
observed for pathological N stage with EGFR; HER2-sta-
tus with c-Met; tumor location, histology, and pathological
N stage with PDGFR; and no examined variables with c-
Kit. Concomitant HER2 positivity was observed for 0.7 %
of tumors positive for EGFR, 3.9 % for c-Met, 4.6 % for
PDGFR, and 1.3 % for c-Kit. There were some differences
in overall survival between patients with or without RTK
expression, but only c-Kit expression showed a significant

® Society of Surgical Oncology 2014

First Received: 12 Janunary 2014;
Published Online: 18 April 2014

Y. Kurokawa, MD
e-mail; ykurokawa@gesurg.med.osaka-u.ac.jp

survival difference in  Cox multivariate
(P = 0.046).

Conclusions. Our multicenter study indicated that IHC
expression of 4 RTKs had some prognostic impact and that
c-Kit-positive status may be a significant indicator of good

prognosis in gastric cancer patients.

analysis

Gastric cancer is the second leading cause of cancer
death worldwide.' Complete resection of localized tumors
is the mainstay of treatment, although recurrence and
metastasis occur frequently. Given the progress in molec-
ular technology, many researchers around the world are
attempting to identify cancer driver genes. Receptor tyro-
sine kinases (RTKs) have been considered the most
important targets; human epidermal growth factor receptor
2 (HER?) has already been identified as the key oncogenic
driver of breast cancer.”® Recent studies have shown that
HER2 status is a significant prognostic and predictive
factor for gastric cancer as well.*®

However, in published studies the HER2-positive rate
was only around 16 % in gastric cancer patients, so other
molecular markers that predict prognosis would be the next
targets.”® Here, we investigated 4 oncogene-associated
RTXs for which molecular targeted agents are available to
freat various malignancies: epidermal growth factor
receptor (EGFR), hepatocyte growth factor receptor
(HGFR), stem cell factor receptor (SCFR), and platelet-
derived growth factor receptor (PDGFR). EGFR, HGFR,
and SCFR are proteins encoded by proto-oncogenes c-
erbB-1, c-met, and c-kit, respectively. PDGFR is a receptor
for PDGF, and PDGF is a product of the oncogene sis,
Since these receptors are overexpressed in a variety of
malignancies, molecular targeted drugs that inhibit these
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RTKSs have been developed and shown to have therapeutic
impact. However, the impact of the expression of these
RTKs on prognosis in gastric cancer remains unknown.
Thus, we conducted immunohistochemical (IHC) analysis
of these 4 molecules to clarify their prognostic significance
in gastric cancer.

PATIENTS AND METHODS
Patient Population

This study included 153 gastric cancer patients who
underwent gastrectomy between 2000 and 2006 at the 9
institutions comprising the Osaka University Clinical
Research Group for Gastroenterological Surgery. Patients
who underwent preoperative chemotherapy or radiation
therapy were excluded. No patients underwent targeted
therapy with any RTK inhibitors, even after recurrence, All
tumors were histologically diagnosed as adenocarcinoma
of the stomach. Pathological staging was based on the
seventh edition of the International Union Against Cancer
(UICC) TNM Classification.” This study was approved by
the institutional review board of each participating
institution.

IHC Analysis

All tumor tissues were fixed in 10-20 % formalin for
24-72 h in each institution. Archived formalin-fixed, par-
affin-embedded specimens were shipped to the institution
performing central pathological review. Each specimen
was composed of several blocks of the tumor from the
proximal and distal borders and adjacent normal gastric
tissue. IHC studies were carried out on 4-um-thick tissue
sections. The primary antibodies included mouse mono-
clonal anti-EGFR (clone 3C6, Ventana Medical Systems,
Tucson, AZ), rabbit monoclonal anti-total c-Met (clone
SP44, Ventana Medical Systems), mouse monoclonal anti—
¢-Kit (clone 9.7, Ventana Medical Systems), and rabbit
polyclonal anti-PDGFR-a (clone C20, Santa Cruz Bio-
technology, Inc., Dallas, TX). Immunostaining was
performed using a Ventana BenchMark XT autoimmuno-
stainer with the I-VIEW DAB Universal Kit (Ventana
Medical Systems). Antigen retrieval was performed by
autoclaving in EDTA-base buffer, pH 8.5 at 98 °C for
60 min for c-Met and c-Kit, or by treating with protease I
at 37 °C for 8 min for EGFR and PDGFR. Shortly after
blocking with endogenous peroxidase, the sections were
incubated with primary antibodies at 37 °C for 32 min,
followed by incubating with a mixture of goat biotinylated
anti-mouse IgG and IgM and anti-rabbit IgG antibodies for
8 min, and then peroxidase-conjugated streptavidin for
8 min. Visualization was performed after developing in

3,3’-diaminobenzidine (DAB) solution for 8 min, followed
by signal amplification with copper sulfate for 4 min and
counterstaining with hematoxylin for 4 min. Tissue sam-
ples consisting of skin keratinocytes, hepatocellular
carcinoma, gastrointestinal stromal tumor, and dermis were
used as positive controls for EGFR, c-Met, c-Kit, and
PDGFR, respectively. Slides processed without the primary
antibodies were used as negative controls. All instances of
improper staining were repeated and properly examined.

Evaluation

Central pathologists independently performed IHC ana-
lysis without prior knowledge of the patient’s clinical data.
Evaluation of the expression status of EGFR, c-Met,
PDGFR, and c-Kit was based on previous studies.'®!> In
brief, tumors with complete or basolateral membranous
reactivity with strong intensity in >16 % of tumor cells by
THC were defined as EGFR-positive (Fig. 12)."% c-Met
positivity was defined as having at least 50 % of tumor cells
stained by THC with strong or moderate intensity (mem-
brane or cytoplasmic staining, or both) (Fig. 1b).? PDGFR
reactivity was scored based on the extent of staining on
cancer cell membranes or in the cytoplasm, and the
threshold of positivity for PDGFR expression was 25 %
staining (Fig. 1c).'? For c-Kit expression, tumors strongly
stained with or without membrane staining in 10 % or more
of cancer cells were defined as ¢-Kit—positive (Fig, 1d)."?

Statistical Analysis

The relationship between EGFR, c-Met, PDGFR, or c-
Kit expression and clinicopathological factors was ana-
lyzed using the Chi square test for categorical variables and
the Mann—Whitney U test for continuous variables. Overall
survival (OS) was defined as the interval from the date of
surgery to the date of death from any canse. The survival
rate was estimated using the Kaplan-Meier method, and
survival was compared using the log-rank test. The hazard
ratio (HR) for death in each marker-positive patient was
estimated using Cox proportional hazards models. Multi-
variate Cox regression analyses were performed to adjust
for potential confounding factors. P values less than 0.05
were considered statistically significant. All statistical
analyses were performed using SPSS Statistics software,
version 20 (IBM Corp., Armonk, NY).

RESULTS
Expression Status

The relationship between the clinicopathological char-
acteristics and the expression status of EGFR, c-Met,
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FIG. 1 Tumor specimens with strong expression of a EGFR, b c-Met, ¢ PDGFR, and d c¢-Kit

PDGFR, and c-Kit was analyzed (Table 1). Based on IHC
testing, the EGFR-positive rate for all 153 tumors was
14.4 % (22 of 153). The EGFR-positive group had a sig-
nificantly higher proportion of advanced N stage tumors
(P = 0.049). There was 1 tumor that was positive for
EFGR and HER2 (0.7 %).

The c-Met—positive rate was 24.8 % (38 of 153). The
HER2-positive rate was significantly higher in c-Met-posi-
tive tumors than in c-Met-negative tumors (P = 0.036).
There were 3.9 % (6 of 153) of tumors that were positive for
both c-Met and HER2.

The PDGFR-positive rate was 41.2 % (63 of 153).
Tumors located in the upper body of the stomach and dif-
ferentiated type tumors had a significantly higher rate of
PDGEFR positivity (P = 0.015 and P = 0.003, respectively).
Pathological N stage was also significantly correlated with
PDGFR status (P = 0.013). There were 7 tumors positive
for both PDGFR and HER2 (4.6 %).

The c-Kit—-positive rate was 11.1 % (17 of 153). There
were no significant factors associated with c-Xit expres-
sion. There were 2 tumors that were positive for both ¢-Kit
and HER2 (1.3 %).

Survival
The OS of gastric cancer patients that were positive or

negative for RTK expression were compared (Fig. 2a~d).
The 5-year OS rates in the positive and negative patients

were: EGFR-positive, 16.4 %; EGFR-negative, 40.9 %; c-
Met-positive, 23.0 %; c-Met-negative, 42.0 %; PDGFR-
positive, 44.2 %; PDGFR-negative, 33.0 %; c-Kit-positive,
63.6 %; c-Kit-negative, 34.7 %. The HRs for death in
patients with RTK-positive tumors were: 1.60 (95 % con-
fidence interval [95 % CI] 0.94-2.71) (Jog-rank P = 0.082)
for EGFR, 1.44 (95 % CI 0.91-2.27) (log-rank P = 0.12)
for c-Met, 0.71 (95 % CI 0.46-1.10) (log-rank P = 0.13)
for PDGFR, and 042 (95 % CI 0.17-1.02) (log-rank
P = 0.048) for c-Kit.

Cox multivariate analysis that included the expression
status for these 4 RTKs and 8 clinicopathological factors
including HER?2 status revealed that age, pathological T
stage, pathological N stage, HER2 status, and c-Kit status
were significant prognostic factors (P = 0.046) (Table 2).

DISCUSSION

Greater understanding of carcinogenesis and cancer
progression on the molecular level has led to a new para-
digm for anticancer therapies: targeting specific molecules
associated with the growth of cancer cells. Since neoplastic
cells frequently show “addiction” to activated oncogenes,
such oncogene products comprise the most promising
group of drug targets to date. Among these, RTKs are the
most important targets because they promote cell prolif-
eration, differentiation, migration, and inhibition of
apoptosis via downstream signaling pathways. Activation
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TABLE 1 Characteristics of 153 patients evaluating expressions of EGFR, c-Met, PDGFR, and c-Kit
Characteristics EGFR c-Met
Positive (n = 22) Negative (n = 131) P value Positive (n = 38) Negative (n = 115) P value
Age (years)
Median 69.5 68 0.53 63 68 0.61
Range 35-80 37-98 35-98 37-89
Sex
Male 18 86 0.13 26 78 0.95
Female 4 45 12 37
Location
Upper 6 45 0.52 9 42 0.15
Middle/lower 16 86 29 73
Histology
Differentiated 4 31 0.57 8 27 0.76
Undifferentiated 18 100 30 88
pT
T1 0 6 0.58 1 5 0.96
T2 1 13 4 10
T3 5 31 9 27
T4 16 81 24 73
pN
NO 1 36 0.049 6 31 0.40
N1 3 28 7 24
N2 6 22 7 21
N3 12 45 18 39
HER2
Positive 1 11 0.53 6 6 0.036
Negative 21 120 32 109
Characteristics PDGFR c-Kit
Positive (n = 63) Negative (n = 90) P value Positive (n = 17) Negative (n = 136) P value
Age (years)
Median 69 67.5 0.56 69 68 0.25
Range 37-89 35-98 43-89 35-98
Sex
Male 42 62 0.77 12 92 0.81
Female 21 28 5 44
Location
Upper 28 23 0.015 6 45 0.86
Middle/lower 35 67 11 91
Histology
Differentiated 22 13 0.003 4 31 0.95
Undifferentiated 41 77 13 105
pT
T1 3 3 0.36 1 5 0.15
T2 8 6 4 10
T3 17 19 4 32
T4 35 62 8 89
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TABLE 1 continued

Characteristics PDGFR c-Kit
Positive (n = 63) Negative (n = 90) P value Positive (n = 17) Negative (n = 136) P value
pN
NO 19 18 0.013 5 32 0.29
N1 17 14 6 25
N2 13 15 2 26
N3 14 43 4 33
HER2
Positive 7 5 0.21 2 10 0.52
Negative 56 85 15 126
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FIG. 2 Kaplan-Meier overall survival of gastric cancer patients who were positive or negative for a EGFR, b ¢-Met, ¢ PDGFR, and d ¢-Kit

of these RTKs by mutation or overexpression is frequently
detected in a variety of malignancies. Our multicenter
study evaluating the prognostic impact of 4 important
RTKs, ie., EGFR, c-Met, PDGFR, and c¢-Kit, revealed
differences in survival between patients with and without
expression of each, and c-Kit expression has the largest
impact on prognosis.

EGFR is an RTK expressed on the cell membrane that
belongs to the ErbB family. Once activated, EGFR initiates
a complex intracellular signal transduction cascade pro-
moting cancer cell division, migration, angiogenesis, and
inhibition of apoptosis.’* EGER has been found to play a
major role in carcinogenesis, and its overexpression has
generally been associated with disease.”” On the other
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TABLE 2 Multivariate overall survival analyses

Variable Category Hazard ratio (95 % P
Ch value
Age (years) >70 1.99 (1.28-3.08)  0.002
Sex Female 1.22 (0.78-193) 0.38
Location Upper 140 (0.87-2.25) 017
Histology Undifferentiated  1.01 (0.55-1.86)  0.98
pT T34 11.75 (1.57-88.16) 0.017
pN Ni-3 2.07 (1.04-4.10)  0.038
Adjuvant Yes 1.49 (0.93-2.38)  0.096
chemotherapy
HER2 Positive 2.99 (1.38-651)  0.006
EGFR Positive 1.32 (0.75-2.32) 034
c-Met Positive 1.37 (0.83-2.25) 022
PDGFR Negative 1.46 (0.90-2.38)  0.13
c-Kit Negative 2.65 (1.02-6.90)  0.046

hand, c-Met, a hepatocyte growth factor receptor, belongs
to a family of tyrosine kinase growth factor receptors. c-
Met signaling promotes tumor cell growth and motility. In
gastric cancer, some previous studies reported that over-
expression of EGFR or c-Met was a prognostic
indicator.'*? In our study, overexpression of EGFR or c-
Met tended to be associated with poor prognosis, but there
were no significant effects after adjustment for potentially
confounding factors with multivariate analysis. Most pre-
vious studies may have arrived at different results for
EGFR and c-Met because they did net involve multivariate
analysis.

PDGFR is a transmembrane RTK activated by PDGF.
Both are implicated in a variety of physiologic and path-
ologic processes, including cell growth.”>** Some in vitro
and in vivo studies have reported that expression of
PDGFR in gastric cancer stromal cells is correlated with
tumor progressien.zs’?‘6 The c-Kit proto-oncogene encodes
a type II RTK; 1 of its ligands is stem cell factor. The
activated interaction between c-Kit and stem cell factor is
essential for the development of melanocytes, erythrocytes,
germ cells, mast cells, and interstitial cells of Cajal.27 Sung
et al. ?® reported that c-Kit-positive cells were located
mainly in the stroma around the repair zone of the glands in
chronic gastritis and may be associated with carcinogenesis
in human gastric mucosa. PDGFR and c-Kit expression are
considered important prognostic factors in gastrointestinal
stromal tumors and other malignancies, but there was no
study that has reported a close relationship between
expression status and prognosis in gastric cancer
patients.?'g’36 Our study evaluated the prognostic impact of
PDGFR and ¢-Kit in gastric cancer and found that c-Kit
status was a significant prognostic factor even with multi-
variate analysis.

In conclusion, our multicenter study indicated that
expression of 4 RTKs as assessed by IHC has some
prognostic impact and that c-Kit-positive status was a
significant indicator of good prognosis in gastric cancer
patients. To the best of our knowledge, this is the first study
to reveal the prognostic impact of c-Kit expression in
gastric cancer. Although this study was limited by its small
sample size and retrospective nature, we expect that our
study will contribute to the establishment of new molecular
targeted therapies in the field of gastric cancer.
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Abstract

Background Neoadjuvant chemotherapy may improve
outcomes in gastric cancer. Tumor responses can be eval-
uated with RECIST, Japanese Classification of Gastric
Carcinoma (JCGC), and histological criteria. These
approaches have not yet been compared.

Methods We analyzed two phase II trials of neoadjuvant
chemotherapy using S-1 plus cisplatin. JCOG0210 inclu-
ded patients with linitis plastica and large ulcero-invasive
tumors, whereas JCOG0405 comprised those with para-
aortic or bulky lymph node metastases. Radiologic evalu-
ations were conducted using RECIST in JCOG0405 and
JCGC criteria in JCOGO0210, because the latter included
many patients without measurable lesions. A histological
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responder was defined as a patient in whom one third or
more of the tumor was affected. The hazard ratios (HR) for
death between responders and non-responders and response
rate differences between short- and long-term survivors
were estimated.

Results In JCOGO0210 (n = 49), HR was 0.54 in JCGC
responders (P = 0.059) and 0.40 in histological responders
(P = 0.005). The difference in response rates between
short- and long-term survivors using histological criteria
(34 %, P = 0.023) was greater than that using JCGC cri-
teria (24 %, P = 0.15). In JCOGO0405 (n = 51), HR was
0.67 in RECIST responders (P = 0.35) and 0.39 in histo-
logical responders (P = 0.030). In short- and long-term
survivors, respectively, RECIST response rates were 62
and 67 % (P = 0.77), whereas histological response rates
were 33 and 63 % (P = 0.048).

Conclusions Histological criteria showed higher response
assessment validity than RECIST or JCGC criteria and
yielded the best surrogate endpoint for overall survival.

Keywords RECIST - JCGC . JCOG

Introduction

Gastric cancer is the second-leading cause of cancer deaths
worldwide and the most common cancer in Japan and
Korea [1]. Although surgery is the standard treatment for
resectable gastric cancer {2, 3], the prognosis of patients
with advanced tumors is poor [4]. In particular, linitis
plastica (Borrmann type 4) and large ulcero-invasive-type
(Borrmann type 3) tumors, as well as those with paraaortic
nodal metastases or bulky lymph node metastases, have
extremely poor outcomes even after curative resection [3,
6]. For these advanced tumors, neoadjuvant chemotherapy
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