Th e Gastrointestinal Cancer

ncologist
Determination of Prognostic Factors in Japanese Patients With

Advanced Gastric Cancer Using the Data From a Randomized
Controlled Trial, Japan Clinical Oncology Group 9912

DAISUKE TAKAHARI,® NARIKAZU BOKu,b JUNKI MizusAWA,€ ATSUO TAKASHIMA,® YASUHIDE YAMADA,d TAKAYUKI YOSHINO,®

KENTARO YAMAZAKI,f WASABURO KOIZUMI,g KAZUTOSHI FUKASE,h KENSEI YAMAGUCHI,i MASAHIRO GOTO,i TOMOHIRO NISHINA,k

TAKAO TAMURA,' AKIHITO Tsuii,™ ATSUSHI OHTSU®

Department of Clinical Oncology, Aichi Cancer Center Hospital, Nagoya, Japan; ®Department of Clinical Oncology, St. Marianna University
School of Medicine, Kanagawa, Japan; 9JCOG Data Center, Multi-institutional Clinical Trial Support Center, National Cancer Center, Tokyo,
Japan; %Gastrointestinal Oncology Division, National Cancer Center Hospital, Tokyo, Japan; ®Department of Gastroenterology and
Gastrointestinal Oncology, National Cancer Center Hospital East, Kashiwa, Japan; ‘Division of Gastrointestinal Oncology, Shizuoka Cancer
Center, Shizuoka, Japan; 8Department of Gastroenterology, Kitasato University School of Medicine, Sagamihara, Japan; "Department of
Gastroenterology, Yamagata Prefectural Central Hospital, Yamagata, Japan; 'Department of Gastroenterology, Saitama Cancer Center
Hospital, Saitama, Japan;Cancer Chemotherapy Center, Osaka Medical College, Takatsuki, Japan; “Department of Gastrointestinal Medical
Oncology, National Hospital Organization Shikoku Cancer Center, Matsuyama, Japan; 'Division of Diabetes, Digestive and Kidney Diseases,
Department of Clinical Molecular Medicine, Kobe University Graduate School of Medicine, Hyogo, Japan; "Division of Medical Oncology,
Kochi Health Sciences Center, Kochi, Japan

Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Prognostic index ¢ Prognostic factor ¢ Advanced gastric cancer ¢ Chemotherapy

/ABSTRACT

Background. In advanced gastric cancer (AGC), no globally
accepted prognostic scoring system has been developed.
Therefore, we explored baseline prognosticfactorsinJapanese
AGCpatients using the datafromarandomized controlled trial,
Japan Clinical Oncology Group (JCOG) 9912, which investi-
gated the efficacy of systemic chemotherapy as a first-line
treatment.

Patients and Methods. Prognostic factors and prognostic
indices for overall survival were screened and evaluated in
patients enrolled in JCOG9912 using the Cox proportional
hazard model. The Royal Marsden Hospital prognostic model
was also applied to the JCOG9912 trial.

Results. Atotal of 650 (92.3%) of the 704 patients randomized
in the JCOG9912 trial, for whom complete data were available
for multivariate analyses, was included in the present study

(5-fluorouracil arm, n = 215; irinotecan plus cisplatin arm,
n = 216; S-1 arm, n = 219). The median survival time (MST)
for all patients was 11.8 months. To construct a prognostic
index, we selected four risk factors by multivariate analysis:
performance status = 1, number of metastatic sites = 2, no
prior gastrectomy, and elevated alkaline phosphatase. MSTs
were 17.0 months for patients categorized into the low-risk
group, who had zero or one risk factor (n = 225); 10.4
months for patients in the moderate-risk group, who had two
or three risk factors (n = 368); and 5.0 months for patients in
the high-risk group, who had all four risk factors (n = 57).
Conclusion. Inthe present study, we propose a new prognostic
index for patients with AGC. This can be used for more
appropriate patient stratification in future clinical trials. The
Oncologist 2014;19:358-366

Implications for Practice: Prognosticindices are useful not only to estimate the prognosis of each patient but are also applicable for
stratification of patients for clinical trials. By using patient data from the Japan Clinical Oncology Group (JCOG) 9912 trial, we
explored baseline prognostic factors and prognostic index. In the results, a novel prognostic index consisting of four risk factors
(performance status =1, metastatic sites =2, no prior gastrectomy, and elevated ALP), which can classify patients into three risk
groups, is proposed. This index can be used for more accurate patient stratification in future clinical trials.

INTRODUCTION

Despite a steady decrease in the mortality rate of gastric cancer
(GC) in recent years, GC remains a major health problem,
causing approximately 738,000 deaths worldwide in 2008 [1].

For advanced gastric cancer (AGC) patients, the primary
treatment is systemic chemotherapy, which improves survival
and quality of life [2, 3]. Whereas fluoropyrimidine plus

Correspondence: Daisuke Takahari, M.D., Ph.D., Department of Clinical Oncology, Aichi Cancer Center Hospital, 1-1 Kanokoden, Chikusa-ku,
Nagoya 464-8681, Aichi, Japan. Telephone: 81-52-762-6111; E-Mail: dtakahari@aichi-cc.jp Received August 7, 2013; accepted for publication
January 6, 2014; first published online in The Oncologist Express on March 25,2014. © AlphaMed Press 1083-7159/2014/$20.00/0 http://dx.doi.
org/10.1634/theoncologist.2013-0306

The Oncologist 2014;19:358-366 www.TheOncologist.com ©AlphaMed Press 2014



mailto:dtakahari@aichi-cc.jp
http://dx.doi.org/10.1634/theoncologist.2013-0306
http://dx.doi.org/10.1634/theoncologist.2013-0306
http://www.TheOncologist.com

Takahari, Boku, Mizusawa et al.

359

JCOG9912 random assignment (n=704)

!

Assigned to receive 5-FU

(n=234) plus cisplatin (n

Assigned to receive irinotecan
=236)

l

Assigned to receive 5-1(n=234)

Excluded because at least

1 variable which was included
in multivariate analysis was
missing or unknown (n=54)

—

Assessed in present study

(n=215) (n=216)

Figure 1. CONSORT diagram.

Assessed in present study

Assessed in present study
(n=219)

Abbreviations: 5-FU, 5-fluorouracil; JCOG, Japan Clinical Oncology Group.

platinum has been regarded as the standard first-line
chemotherapy for AGC worldwide, there are some regional
variations in chemotherapy regimens. The most popular
chemotherapy is epirubicin plus cisplatin plus 5-fluorouracil
(5-FU) or epirubicin plus oxaliplatin plus capecitabine [4] in the
U.K., docetaxel plus cisplatin plus 5-FU (DCF) [5] or 5-FU,
leukovorin, and oxaliplatin (FOLFOX) in Europe, cisplatin plus
5-FU or DCF in the U.S., and S-1 plus cisplatin in Japan [6].

Recently, new drugs have been developed globally, and
a multinational phase Il trial named AVAGAST has been
conducted [7] to evaluate the efficacy of adding bevacizumab
to capecitabine plus cisplatin as a first-line chemotherapy for
AGC. In this trial, substantial differences in the prognosis of
AGC patients from Western and Asian countries, especially
Japan, were observed. These results suggest some interaction
between treatment effects and regions. However, before in-
vestigating the reasons for regional differences, it is first
necessary to identify common prognostic factors between Asian
and Western populations and to compare them after adjusting
for the patients’ backgrounds.

Prognostic indices are now available for several cancer
types, including non-Hodgkin lymphoma [8], multiple myeloma
[9], breast cancer [10], prostate cancer [11], renal cancer [12],
and colorectal cancer [13]. In several cancers, such as non-
Hodgkin lymphoma and renal cancer, prognostic indices are not
only useful to estimate the prognosis of each patient but also are
applicable for determination of the optimal treatment strategy
and stratification of patients for clinical trials. In AGC, a pro-
gnostic index based on clinical trials conducted in the 1990s was
proposed by Royal Marsden Hospital (RMH) in 2004; this index
consists of four independent risk factors for survival: Eastern
Cooperative Oncology Group (ECOG) performance status (PS) =
2, liver metastasis, peritoneal metastasis, and serum alkaline
phosphatase (ALP) = 100 w/L [14]. To formulate this index,
patients were classified into three groups by the number of risk
factors: low risk (no risk factors), moderate risk (one or two risk
factors), and high risk (three or four risk factors), resulting in
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significant survival differences across the groups. However, the
RMH index was developed using only data from Western
patients, and 30% of the patients had esophageal cancer. In Asia,
a few reports have investigated the prognostic factors and
indices in Korean populations [15-17]; however, all of these
studies were based on retrospective data. From Japan,
prognostic factors based on clinical trials conducted in the
1990s have been reported [18]. However, recent clinical trials
have been conducted globally, and regional differences, such
subsequent chemotherapy, are recognized as a substantial
problem. Recently, active new agents for gastric cancer have
contributed to the prognosis not only in the first-line but also in
the subsequent lines. Thus, new prognostic scoring systems for
AGC, including Asian patients, should be proposed.

Japan Clinical Oncology Group (JCOG) 9912 was a large
randomized trial investigating the superiority of irinotecan
plus cisplatin (IP) and the noninferiority of oral S-1 compared
with continuous infusion of 5-FU for patients with metastatic
or recurrent gastric cancer [19]. In this trial, it was demonstrated
that S-1 was not inferior to 5-FU (hazard ratio [HR]: 0.83 [95%
confidenceinterval (Cl): 0.68—1.01]; p = .0005 for noninferiority)
in terms of overall survival (OS), but IP was also not superior
(HR: 0.85 [95% Cl: 0.70-1.04]; p = .0552 for superiority).

In the present study, we first investigated whether the
RMH index could be applicable to Japanese patients with
AGC. Next, we tried to establishanew prognosticindexin AGC
using the data from JCOG9912.

PATIENTS AND METHODS

Between 2000 and 2006, 704 patients were enrolled in
JCOG9912, which was registered with ClinicalTrials.gov, number
NCT00142350. The details of the inclusion/exclusion criteria and
treatment regimen for patients enrolled in JCOG9912 were
published previously [19]. The patients analyzed in the present
study were those having complete data available for multivariate
analyses using the Cox proportional hazard model. Metastatic
sites were reported by each investigator according to the
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Table 1. Patient characteristics

Prognostic Factors and Index in Advanced Gastric Cancer

Characteristics 5-FU ci Irinotecan + cisplatin S-1 Total
No. of patients 215 216 219 650
Median age, years (range) 63 (24-75) 63 (32-75) 64 (39-75) 64 (24-75)
Age <65 112 120 110 342
>65 103 96 109 308
Sex Male 158 165 162 485
Female 57 51 57 165
ECOG PS 0 140 137 140 417
1 73 76 76 225
2 2 3 3 8
No. of metastatic sites 0,1 94 94 95 283
=2 121 122 124 367
Target lesion No 52 52 54 158
Yes 163 164 165 492
Gastrectomy No 151 148 150 449
Yes 64 68 69 201
Disease status Unresectable 177 173 177 527
Recurrent 38 43 42 123
Macroscopic type 0,12 62 76 68 206
3,4,5 153 140 151 444
Histologic type Intestinal 103 91 103 297
Diffuse 112 125 116 353
Peritoneal metastasis No 134 146 157 437
Yes 81 70 62 213
Liver metastasis No 112 113 117 342
Yes 103 103 102 308
Lung metastasis No 202 220 200 602
Yes 13 16 19 48
Bone metastasis No 204 209 210 629
Yes 11 7 9 31

Abbreviations: ci, continuous infusion; ECOG, Eastern Cooperative Oncology Group; 5-FU, 5-fluorouracil; PS, performance status.
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Figure 2. Survival curve of the 650 patients with complete data
for baseline factors and laboratory tests for the multivariate
analysis.

Abbreviations: %1y-0S, 1 year overall survival; Cl, confidence
interval; OS, overall survival.

Response Evaluation Criteria in Solid Tumors version 1.0,
specifying all target and nontarget lesions in the case report
form of each enrolled patient, in which the investigator checked
prospectively the presence or absence of the metastatic sites,
such as cervical, mediastinal, abdominal and superficial lymph
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nodes, lung, liver, peritoneum, ovary, adrenal gland, bone, skin,
and others listed. Forthe total number of metastatic sites of each
patient, each organ was counted separately; all lymph node
metastases, regardless the regions, were counted as one site.

Statistical Analysis

OS was measured from the date of randomization to the date
of death and censored at the date of last contact for a surviving
patient.

To investigate whether the RMH index could be applicable
to Japanese patients with AGC, regression analysis was
performed using the Cox proportional hazard model, including
the same factors as those proposed by the RMH index.

An exploration of the potential prognosticindex model was
carried out within the model, including four factors. The
number of factors was determined by taking into account the
applicability of the results to clinical practice and to avoid an
over-fit model. To construct a prognostic index, we performed
multivariate analysis with the Cox proportional hazard model
by using PROCPHREG in SAS 9.1 (SAS Institute, Cary, NC, http://
www.sas.com) and selected five models based on their score
X2 values from all possible models, which included four factors
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Moderate (1,2) 483 11.5M 47.6%  1.28(1.05-1.57)
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Figure 3. Survival curves of the three groups in the present study classified according to the Royal Marsden Hospital prognostic index.
Good (0), no risk factors; moderate (1,2), 1 or 2 risk factors; poor (3,4), 3 or 4 risk factors.
Abbreviations: Cl, confidence interval; HR, hazard ratio; MST, median survival time.

by specifying the SELECTION = SCORE option in the MODEL
statement. When there were substantial differences among
those five possible modelsin terms of statistical adequacy, that
is, score x* values, the model with the largest score x* values
was to be selected. Otherwise, model selection was to be
performed based on clinical aspects.

Factors included in these analyses were as follows: age
(<65/=65), sex (male/female), PS (0/1, 2), disease status
(metastatic/recurrent), number of metastatic sites (0, 1/=2),
target lesion (—/+), macroscopic type (0, 1, 2/3, 4, 5) [20],
histological type (intestinal/diffuse), prior gastrectomy (—/+),
and laboratory data at the date of enroliment in the trial, such as
hemoglobin (Hb), white blood cell (WBC), platelets (Plt), Na, K,
Ca, albumin, ALP, total bilirubin, aspartate aminotransferase,
alanine aminotransferase, lactate dehydrogenase (LDH), C-
reactive protein (CRP), carcinoembryonic antigen, and creat-
inine clearance (CCr). Each of these laboratory variables,
except for Hb, WBC, PIt, and CCr, was dichotomized with the
cutoff point at the limit of its normal range at each institu-
tion. Hb, WBC, PIt, and CCr were dichotomized with the cutoff
points at 11 g/dL, 4000/uL, 10.0 X 104//.L|., and 60 mL/min,
corresponding to grade 1 adverse events in the National Cancer
Institute Common Toxicity Criteria (version 2.0).

Survival curves were estimated by the Kaplan-Meier
method and compared for statistical differences using the
log-rank test. All p values are two-sided.

RESULTS

Data Collection
All data for baseline factors and laboratory tests for the
multivariate analysis were available in 650 (5-FU arm, n = 215;
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irinotecan plus cisplatinarm, n = 216; S-1arm, n = 219) of 704
patients enrolled in JCOG9912 (Fig. 1). Table 1 shows the
baseline characteristics of the subjects in the present study. A
total of 417 patients (64%) showed PS 0, 283 patients (44%)
had 0 or 1 metastaticsites,and 123 (19%) had recurrent disease
after curative surgery. A total of 607 (93%) of 650 patients did
not survive until the final data cutoff in April 2008. The median
survival time (MST) for all analyzed patients was 11.8 months

(Fig. 2).

RMH Prognostic Index

First, we applied the RMH index to our data. Of the patientsin
the present study, only 35 (5%) were classified in the poor-risk
group, 483 patients (74%) were classified in the moderate-risk
group, and 132 (21%) were classified in the good-risk group.
Survival differences were also significant (log-rank p = .0025,
two-sided; moderate-risk group,HR = 1.28,95%Cl = 1.05-1.57;
high-risk group, HR = 1.90, 95% ClI = 1.29-2.79; Fig. 3).

JCOG Prognostic Index

Table 2 shows the results of the univariate analyses for sur-
vival using baseline characteristics and laboratory tests. The
following parameters were strongly related to poor prognosis:
PS =1, unresectable disease, number of metastatic sites =2,
having target lesions, no prior gastrectomy, metastasis of bone
and lymph nodes, elevated ALP, elevated LDH, and elevated
CRP (p < .001 for each factor).

To construct the prognostic index, we proposed five models
whose)(2 valueswerethe highestin all possible models (Table 3).
Because the six risk factors in the five selected models (PS =1,
number of metastatic sites =2, no prior gastrectomy, elevated
ALP, LDH, and CRP) had similar HRs, risk scores were assigned
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Table 2. Univariate analyses of survival

Prognostic Factors and Index in Advanced Gastric Cancer

Factors Category Hazard ratio 95% CI p value (two-sided)
Age =65 (vs. <65) 0.99 0.85-1.17 9434
Sex Female (vs. male) 1.21 1.01-1.46 .0380
PS 1 (vs. 0) 1.52 1.29-1.80 <.0001
2 (vs. 0) 1.32 0.63-2.79 .4658
1,2 (vs. 0) 1.51 1.28-1.79 <.0001
2 (vs.0,1) 1.16 0.55-2.46 6897
Tumor status Unresectable (vs. recurrent) 1.50 1.22-1.84 <.0001
No. of metastatic sites 1 (vs. 0) 1.33 0.55-3.22 .5288
=2 (vs. 0) 2.31 0.96-5.60 .0631
=2 (vs. 0, 1) 1.75 1.49-2.06 <.0001
Target lesion Yes (vs. no) 1.46 1.20-1.76 .0001
Gastrectomy No (vs. yes) 1.71 1.43-2.04 <.0001
Macroscopic type 3,4,5(vs.0,1,2) 1.14 0.96-1.35 1471
Histologic type Diffuse (vs. intestinal) 1.06 0.90-1.24 .4837
Peritoneal metastasis Yes (vs. no) 1.07 0.90-1.26 4681
Liver metastasis Yes (vs. no) 1.30 1.11-1.53 .0013
Lung metastasis Yes (vs. no) 0.93 0.68-1.26 6211
Bone metastasis Yes (vs. no) 2.34 1.52-3.65 .0001
Lymph node metastasis Yes (vs. no) 1.44 1.19-1.73 .0002
Hemoglobin <11g/dL (vs. =11g/dL) 1.06 0.90-1.26 .4836
White blood cell <4000/l (vs. =4,000/ul) 0.68 0.47-0.98 .0369
Sodium <LLN (vs. =LLN) 1.40 1.05-1.85 .0201
Potassium <LLN (vs. =LLN) 2.21 0.99-4.96 .0534
Hypocalcemia <LLN (vs. =LLN) 1.15 0.80-1.64 14510
Hypercalcemia =ULN (vs. <ULN) 0.97 0.66-1.43 .8897
Albumin <LLN (vs. =LLN) 1.11 0.95-1.31 .1853
ALP =ULN (vs. <ULN) 1.36 1.16-1.61 .0002
Total bilirubin =ULN (vs. <ULN) 0.78 0.55-1.10 .1604
AST =ULN (vs. <ULN) 1.33 1.10-160 .0029
ALT =ULN (vs. <ULN) 1.14 0.93-1.39 .2051
LDH =ULN (vs. <ULN) 1.48 1.25-1.76 <.0001
CRP =ULN (vs. <ULN) 1.47 1.25-1.73 <.0001
CCr <60 mL/min (vs. =60 mL/min) 0.75 0.52-1.09 1295

Platelets were not included in the analysis because there were no patients under the cutoff point.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; CCr, creatinine clearance; Cl, confidence interval; CRP,
C-reactive protein; LDH, lactate dehydrogenase; LLN, lower limit normal; PS, performance status; ULN, upper limit normal.

based on HRs with one point for each factor. Moreover, because
score XZ values of these five models were statistically nearly
equal, taking into account clinical aspects, we selected the fifth
model as the JCOG prognostic index (JCOG index), which
included PS =1, number of metastatic sites =2, no prior
gastrectomy, and elevated ALP as prognostic factors.

Figure 4A shows survival according to the number of risk
factors, from0to 4, asdetermined bytheJCOGindex.There were
significant survival differences among five groups (log-rank p <
.0001, two-sided). Furthermore, for clinical convenience, we
divided patients into three groups, rather than the five groups
proposed by the authors of the RMH index. Patients with zero or
one risk factor were categorized into the low-risk group (n =
225), those with two or three risk factors were categorized into
the moderate-risk group (n = 368), and those with four risk
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factors were categorized into the high-risk group (n = 57). MSTs
for the low-, moderate-, and high-risk groups were 17.0, 10.4,
and 5.0 months, respectively. Compared with the low-risk group,
the moderate-risk group had a nearly 2-fold increased risk of
death (HR = 1.84,95% Cl = 1.55-2.20), and the high-risk group
had a 3.4-fold increased risk of death (HR = 3.38, 95% Cl =
2.50-4.58; Fig. 4B). Although statistically significant interaction
between prognostic index and treatment was shown (p = .0002),
a similar trend was observed in each of the three treatment
arms. HRs of the moderate and high-risk groups compared with
the low-risk group were 1: 2.04 (95% Cl = 1.51-2.76): 10.00
(95% Cl = 5.69—-17.59 in the 5-FU arm); 1: 1.99 (95% Cl = 1.46-2.72):
2.24(95% Cl = 1.39-3.59 in the irinotecan and cisplatin arm);
1:1.65(95% Cl = 1.22-2.24):4.66 (95% Cl = 2.54-8.56) in the
S-1arm.
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Table 3. The five best models to construct a prognostic index
Covariates Category HR 95% CI p value
First model: Scorexy?=88.292
PS 1,2 (vs. 0) 1.47 1.24-1.73 <.001
Number of metastatic sites =2 (vs.0,1) 1.48 1.24-1.76 <.001
Prior gastrectomy No (vs. yes) 1.36 1.12-1.65 .002
LDH =ULN (vs. <ULN) 1.31 1.10-1.57 .003
Second model: Scorey®=86.992
PS 1,2 (vs.0) 1.41 1.19-1.66 <.001
Number of metastatic sites =2(vs.0,1) 1.50 1.26-1.78 <.001
Prior gastrectomy No (vs. yes) 1.36 1.12-1.65 .002
CRP =ULN (vs. <ULN) 1.28 1.08-1.51 .004
Third model: Scorex?>=86.667
PS 1,2 (vs.0) 1.45 1.23-1.72 <.001
Number of metastatic sites =2 (vs.0, 1) 1.60 1.35-1.89 <.001
LDH =ULN (vs. <ULN) 1.29 1.08-1.55 .006
CRP =ULN (vs. <ULN) 1.27 1.07-1.50 .007
Fourth model: Scorey*=86.311
PS 1,2 (vs.0) 1.46 1.23-1.72 <.001
Number of metastatic sites =2 (vs.0,1) 1.47 1.23-1.75 <.001
Prior gastrectomy No (vs. yes) 1.45 1.20-1.75 <.001
AST =ULN (vs. <ULN) 1.30 1.08-1.57 .007
Fifth model: Scorey*=86.085
PS 1,2 (vs. 0) 1.43 1.21-1.69 <.001
Number of metastatic sites =2 (vs.0,1) 1.47 1.23-1.76 <.001
Prior gastrectomy No (vs. yes) 1.42 1.17-1.71 <.001
ALP =ULN (vs. <ULN) 1.25 1.06-1.47 .009

Abbreviations: ALP, alkaline phosphatase; AST, aspartate aminotransferase; Cl, confidence interval; CRP, C-reactive protein; HR, Hazard ratio; LDH; lactate

dehydrogenase; PS, performance status.

DISCUSSION
To the best of our knowledge, this is the first report of a prognostic
index limited to patients with only AGC in an Asian population
based on data from a single large prospective randomized con-
trolled trial. We adopted four risk factors for survival (PS =1,
metastatic sites =2, no prior gastrectomy, and elevated ALP) and
used these factors to develop the JCOG index. By classifying
patients into three risk groups (low, zero to one risk factor;
moderate, two to three risk factors; high, four risk factors), OS
curves for our three risk groups indicated significantly good sep-
aration in JCOG9912. We believe that the JCOG index can be used
for more accurate patient stratification in future clinical trials.
We selected these four prognostic factors to construct the
prognostic index because there were no remarkable differences
in the score y* values between the prognostic indices consisting
of four and five factors. In terms of metastatic sites, to avoid
confounding with other factors (such as bone metastasis and
ALP), we adopted a factor that considered the number of
metastatic sites rather than selecting each metastatic site
individually. It seems reasonable to consider that the number of
metastatic sites can reflect the tumor burden in the entire body.
To select the most optimal of our five candidate models,
three of the four factors (PS =1, number of metastatic
sites =2, and no prior gastrectomy), excluding elevated ALP
and LDH, were included in all models, and we selected elevated
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ALP from the point of consistency in previous reports [14, 15,
17]. Both LDH and ALP commonly represent liver function,
bone metastasis, and other abnormal conditions; however,
there were no previous reports of prognostic models, includ-
ing LDH. Finally, we decided to select the fifth model, which in-
cluded the risk factors PS =1, number of metastatic sites =2,
no prior gastrectomy, and elevated ALP, for the JCOG index.
In the late 1990s, Yoshida et al. [18] also reported prognostic
factors from the old JCOG trials; PS, number of metastatic sites,
and scirrhous-type tumor were found to be prognostic factors.
Moreover, a few reports have described prognostic factors for
GC from Korean patients [15—-17]. Lee et al. [15] reported ECOG
PS =2, no prior gastrectomy, peritoneal metastasis, bone
metastasis, elevated ALP, and decreased albumin as indepen-
dent prognostic factors; Kim et al. [16] reported ECOG PS =2,
peritoneal metastasis, bone metastasis, metastatic sites =2, and
elevated total bilirubin as prognostic factors; and Koo et al. [17]
reported ECOG PS =2, no prior gastrectomy, peritoneal me-
tastasis, bone metastasis, lung metastasis, elevated ALP, de-
creased albumin, and elevated total bilirubin as prognostic
factors. Only PS was a common prognostic factor in all four
studies, and peritoneal and bone metastasis were shared among
three studies. Whereas the Korean reports were retrospective
studies based on data from clinical practice populations that
contained patients who were in poor condition, the present
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Figure 4. Survival curves according to the Japan Clinical Oncology Group prognostic index. (A): Survival according to the number of risk
factors, from 0 to 4. (B): Survival was divided into three groups, good (0, 1), moderate (2, 3), and poor (4). Risk factors consist
of performance status =1, number of metastatic sites =2, no prior gastrectomy, and elevated alkaline phosphatase. Good (0,1), low risk
(0 or 1 risk factors); moderate (2,3), moderate risk (2 or 3 risk factors); poor (4), high risk (4 risk factors).

Abbreviations: %1-year, 1-year survival; Cl, confidence interval; HR, hazard ratio; MST, median survival time.

study focused only on patients eligible for a specific clinical trial.
In JCOG9912, for example, there were very few patients with PS
= 2,and those with severe peritoneal metastasis were excluded.
Indeed, the cutoff value of PS was set at PS = 1 in the present
study, but was set at PS = 2 in the Korean studies. Thus, the
patient population, such as patients enrolledin a clinical trialand
patients in clinical practice, may have some influence on the
prognostic factors.

Chau et al. [14] proposed the RMH prognosticindex based on
clinical trial data. When we applied the RMH index to our data,
about three-quarters (74%) of the patients were classified into the
moderate-risk group, and only 5% of the patients were classified
into the poor-risk group. Whereas the criteria for the poor-risk
group in the JCOG index covered more patients (9%) than the
RMH index did (5%) in the present study, the survival of the poor-
risk group in the JCOG index was worse than that in the RMH
index, even although the overall survival was much better in the
present study than that of the subjects of the RMH index [14]. In
contrast, although the good-risk group in the JCOG index included
more patients (35%) than the RMH index did (20%) in the present
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study, the survival of the good-risk group in the JCOG index was
better than that of the RMH index. Furthermore, the impact on
the survival difference was smaller by the RMH index than that
observed after application of the JCOG index. These results
suggest that the JCOG index may be a better indicator for survival
than the RMH index on the points of proportion of the three risk
groups and differences in survival.

Except for PS and ALP, the factors used in the JCOG index
were substantially different from those used in the RMH index.
This may be because of the following three reasons. First, there
may be differences in the disease entities, because the studies
used to formulate the RMH index included patients with
esophageal cancer (27.3% vs. 0% in our study) and those with
locally advanced disease (22.2% vs. 0% in our study). Actually,
few patients with gastric cancer have locally advanced disease,
whereas some patients with esophageal cancer have. Second,
there may be differences in severity of peritoneal metastasis.
There are two types of peritoneal metastasis: one, such as
ascites, is associated with a poor prognosis and can be diagnosed
by imaging, and the other can be diagnosed only at laparotomy
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with smalltumor burden, which has a smallimpact onsurvival. In
JCOG9912, although there were few patients with peritoneal
metastasis detected by imaging, peritoneal metastasis was
diagnosed at laparotomy in many cases, because many gastric
cancer patients go through surgical procedures in Japan. It is
considered that this is why peritoneal metastasis was not
adopted as a prognostic factor in the present study. The final
reason is that there seemed to be some differences in PS
between the RMH index and the JCOG index. The cutoff value
for the RMH index was PS =2 as a risk factor of survival,
whereas the cutoff value for PS was =1 in our study. This
difference may have resulted from the difference in the
proportion of patients with PS =2 between these studies
(23.4% in the RMH studies vs. 1% in our study). Recently, the
Global Advanced/Adjuvant Stomach Tumor Research through
International Collaboration (GASTRIC) project reported that PS
=1, disease status, number of metastatic organs, location of
metastasis, and prior gastrectomy were prognostic factors for
AGC patients treated with systemic chemotherapy as a result
of meta-analyses of previous randomized trials, which included
both Eastern and Western populations [21]. Notably, this
GASTRIC study identified that not only PS = 2 but also PS = 1
were significantly associated with poor prognosis (HRs = 2.17
and 1.36, respectively), which showed the same trend as the
present study. In recent phase Il trials of gastric cancer, the
proportion of patients with PS = 2 has decreased, because
patient selection criteria have become more stringent. It can
be proposed that the cutoff value for PS should be set between
one and two for prognostic analysis in future clinical trials.

The JCOG index proposed in the present study has some
limitations. First, whereas number of metastatic sites was an
important prognostic factor, metastatic sites were designated by
each investigator, and radiological images showing metastatic
sites were not reviewed independently for this study. However,
because metastatic sites were reported prospectively by
checking the list of common metastatic sites in the case report
form, the variability is relatively small. Second, it was not vali-
dated on other cohorts, especially those including Western
patients.Therefore, we plan to validate this JCOG index using the
data from other phase Il trials. Third, the condition of the
subjects in the present study was much better than those often
encountered in clinical practice, such as those having good PS
and fewer peritoneal metastases.Therefore, the JCOG index may
not be applicable to the general patient population in clinical
practice. Recently, however, oral fluoropyrimidines, such as
capecitabine and S-1, have been replacing the continuous
infusion of fluorouracil, and global trials of first-line chemo-
therapies for AGC have been based on the use of oral agents.
Thus, future trials may also tend to exclude patients with severe
peritoneal metastasis, which often impairs oral intake, and it is
anticipated that exclusion of patients with severe peritoneal
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metastasis will lead to enrollment of good conditioned patients
to the future clinical trials. Therefore, it is expected that this
JCOG index may be useful for adjusting and/or balancing
prognostic backgrounds even of patients in good condition
regardless of their region of origin.

In conclusion, we propose a novel prognostic index (the
JCOG index) consisting of four risk factors (PS =1, number of
metastatic sites =2, no prior gastrectomy, and elevated ALP),
which classified patients into three risk groups. Although
further validation of this index using other trials for AGC is
required, it is expected that the JCOG index will be useful in
future clinical trials and studies investigating treatment options
in AGC patients.
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Implications for Practice:

Adjuvant treatment in gastric cancer plays a big role after surgical resection in order to decrease tumor reoccurrence and
improve overall survival. However, there is no globally accepted standard of care. Adjuvant chemotherapy after surgical
resection has shown benefit in several trials. These trials, however, were mostly conducted in Asia and have not been
duplicated in the Western hemisphere. Therefore, the adjuvant treatment in the Western population with gastric cancer is
somewhat different. Some patients will receive chemotherapy before and after the surgery and others will receive
concurrent chemotherapy and radiation after surgery. This article reviews the current data in adjuvant treatment of gastric
cancer and will attempt to clarify the current controversy.
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