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Abstract

Background Adjuvant therapy for gastric cancer is a standard among the world with no regimen selection criteria. Also,
prognostic factors except for tumor staging have not been established. We aimed to identify prognostic and predictive markers
for gastric cancer adjuvant therapy from large randomized controlled trials with standard lymph node dissection.

Methods Three studies: ACTS-GC, CLASSIC, and SAMIT were found and selected for a pooled analysis, following
PRISMA guideline. The integrity of individual participant data (IPD) was verified in the eligible 3527 patients registered,
and fixed-effect model was used. The primary endpoint was relapse-free survival (RFS) and the secondary endpoint was
overall survival (OS).

Results Age was a significant prognostic factor in addition to tumor stages both in “surgery alone” and “adjuvant” groups.
Adjuvant therapy was effective for every TN stage; however, it tended to be more effective in T1-2 than in T3—4. Also, it
was more effective in low- or middle-BMI than in high-BMI group with Hazard ratio [HR]s: 0.58, 0.58, and 1.05, respec-
tively. Capecitabine plus oxaliplatin (CAPOX) was more effective than S-1 for T1-2, N2-3, and differentiated type with
HRs between 0.59 and 0.70, but with no difference among TNM stages. Combining histology to TN; the HRs in differenti-
ated T1-2 N1-3 groups were between 0.29 and 0.45. For T3—4 NO-1 group, S-1 was likely to be effective, not significant.
Conclusions Age is a significant prognostic factor both in surgery alone and adjuvant group. CAPOX is more effective for
differentiated T1-2 tumors with lymph node metastasis.
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Introduction

The incidence of gastric cancer has been decreasing; how-
ever, it is still one of the leading causes of cancer-related
deaths worldwide due to its poor prognosis [1]. Guide-
lines recommend adjuvant therapy for advanced and cura-
tively resected gastric cancer, mostly stage II and III, by
the robust evidence from each clinical trial: INT 0116 in
the USA, 2001 [2]; MAGIC in Europe, 2006 [3]; ACTS-
GC in Japan [4, 5]; CLASSIC in Korea and China, 2012
[6]; SAMIT in Japan, 2014 [7]. Surgical procedures and
adjuvant chemotherapy regimens were different among
the trials; the specific recommendations are also different
with no global standard. Also, prognostic factors except
for tumor staging have not been established with the
increased number of elderly patients and various standard
adjuvant chemotherapy. Recent Meta-analysis suggested
that tegafur/gimeracil/oteracil (S-1)-based chemotherapy
and capecitabine plus oxaliplatin (CAPOX) are likely to
be the most effective adjuvant treatments for patients with
resected gastric cancer [8].

Since comparing treatments by a new clinical trial
takes a long time, it is important to identify prognostic
and predictive markers among clinicopathological factors
using the individual patient data (IPD) from precious large
randomized controlled trials. Recently, the West and East
have collaborated to standardize cancer staging and surgi-
cal procedures to dissect lymph nodes. D2 is a systematic
removal of lymph nodes around the stomach and pancreas
to prevent loco-regional recurrence, and the three Asian
trials included patients who received gastrectomy with D2
dissection. We aimed to identify prognostic markers and
predictive markers in adjuvant chemotherapy for gastric
cancer by a pooled analysis of the three large Asian ran-
domized trials: ACTS-GC, CLASSIC, and SAMIT trials
(ESM eTable 1) [9], which included patients who received
D2 gastrectomy. Using each patient’s background, treat-
ment, and progress, we could identify useful clinical bio-
markers for treatment selection to support patients with
advanced gastric cancer.

Methods
Study design and patients

We sought IPD from the three large randomized clinical
trials in gastric cancer that compared surgery followed by
adjuvant therapy with surgery alone [6], or different adju-
vant therapies [7]. Pooled analysis was aimed to identify

prognostic markers among the clinical and pathologic fac-
tors in surgery alone groups, as well as in adjuvant groups;
and to identify predictive markers of efficacy of adjuvant
chemotherapy and specified regimens in adjuvant groups.
Study design and patient selection were performed as ini-
tially published protocol [9] and conformed to PRISMA
IPD guidelines [10].

All patients from ACTS-GC, CLASSIC, and SAMIT
were included in the overall analysis. The statisticians had
access to deidentified data of the primary analysis population
of each trial; N=1059 in ACTS-GC, N=1035 in CLASSIC,
and N=1433 in SAMIT. We requested information about
patient characteristics, tumor characteristics, treatments,
date of surgery, randomization, therapy, recurrence, and the
last visit to be alive or dead.

The data-sharing agreement is effective among the pri-
mary investigators, a statistician, and the sponsors of each
trial. Written informed consent was obtained from all par-
ticipants in each trial. The protocol of the pooled analysis
was approved by the institutional review board in Tsuboi
Cancer Center Hospital.

Patient outcome measurements

The primary endpoints and observation periods were dif-
ferent among the trials; we selected the following endpoints
considering the accuracy of data. In the pooled analysis, the
primary endpoint was relapse-free survival (RFS), which
was measured as the time between the date of randomization
and the date of recurrence of the original gastric cancer or
death from any cause, whichever came first. The secondary
endpoint was overall survival (OS), which was calculated
from the date of randomization until date of death from any
cause. Surviving patients were censored at the date of last
visit.

Potential prognostic factors and predictive factors

Factors screened for their prognostic value and predictive
value were age, sex, Body Mass Index (BMI), time since sur-
gery, histologic subtype, the extent of the primary tumor (T
stage), the occurrence of lymph node metastases (N stage),
and stage of disease, which were potentially correlated with
RFS and OS.

Since the three studies categorized stage of disease
according to different guidelines, ACTS-GC and SAMIT
using Japanese Classification of Gastric Carcinoma [11],
and CLASSIC using American Joint Committee on Cancer/
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Fig. 1 Individual patients’ data 3

disposition. *Available for o] ACTS-GC )

multivariate analyses Eligible n=1059
Surgery alone n=530
S-1 n=529

CLASSIC SAMIT
Eligible n=1035 | |Eligible n=1433
Surgery alone n=515 FUs alone n=723
CAPOX n=520 +Sequential PTX n=710

Eligible total n=3527

Available data* for
OS n=3527
RFS n=3521

0OS

Surgery alone n=1045
ACTS-GC & CLASSIC n=1045
SAMIT n=0

RFS

Surgery alone n=1043
ACTS-GC & CLASSIC n=1043
SAMIT n=0

0S

Adjuvant group n=2482
ACTS-GC & CLASSIC n=1049
SAMIT n=1433

RFS

Adjuvant group n=2478
ACTS-GC & CLASSIC n=1046
SAMIT n=1432

Union Internationale Contre le Cancer (AJCC/UICC) [12],
we unified the classification according to the sixth edition
of AJCC/UICC TNM stage [12], deriving from the T stage
and N stage.

Statistical analyses
Identification for prognostic markers

After combining surgery alone groups of ACTS-GC and
CLASSIC as one dataset, prognostic markers for RFS or
OS were identified by stratified Cox regression model that
contained age, sex, BMI, time since surgery, histologic
subtype, T stage, N stage in the model and stratified by
trial. Since TNM stage derived from T stage and N stage,
we generated a separate model using TNM stage replacing
T stage and N stage. The marker was regarded as prog-
nostic if the p value from the stratified Cox regression
model was less than 0.05. The hazard ratios (HRs), 95%
confidence intervals, and p values of the models were esti-
mated. The prognostic markers identified were validated
in second, adjuvant groups of ACTS-GC, CLASSIC, and
SAMIT by fitting stratified Cox regression with the same
covariates but stratified by trial and treatment [13].

@ Springer

Identification for predictive markers of efficacy of adjuvant
chemotherapy

Predictive markers for adjuvant chemotherapy were iden-
tified by examining heterogeneity in treatment effects on
RFS or OS, i.e., surgery + adjuvant vs. surgery alone, in
combined patients of ACTS-GC and CLASSIC. Patients,
nevertheless, staged I and IV were excluded from analysis
for predictive markers since CLASSIC trial did not recruit
such subgroups. The HRs, 95% confidence intervals, and p
values of the treatment groups were estimated by stratified
Cox regression using trial as the stratified factor. Tests for
treatment—subgroup interactions were examined by strati-
fied Cox regression including a treatment—subgroup inter-
action as a covariate and trial as the stratified factor.

Identification for predictive markers of efficacy of specific
regimens

RFS and OS were compared between the treatment
groups, i.e., CAPOX in CLASSIC vs. S-1 in ACTS-GC,
and subgroups defined based on the clinical and patho-
logical factors. S-1 group in SAMIT was excluded, since
the regimen was different from ACTS-GC. The HRs, 95%
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Table 1 Baseline characteristics v, jypleq ACTS-GC CLASSIC SAMIT (N=1433) i
of tI}e patl.ents among three (N=1059) (N=1035)
clinical trials
N % N % N % p value
Age <0.001
<65 years 593 56.0 766 74.0 670 46.8
> 65 years 466 44.0 269 26.0 763 53.2
Sex 0.49
Male 736 69.5 731 70.6 980 68.4
Female 323 30.5 304 29.4 453 31.6
BMI (kg/m?) <.0.001
<185 243 22.95 130 12.6 317 22.1
18.5-25 752 71.01 801 77.4 1001 69.9
>25 64 6.04 103 10.0 106 7.4
Arms -
S-1 529 50.0 364 25.4
CAPOX 520 50.2
UFT 359 25.1
PTX+UFT 355 24.8
PTX+S-1 355 24.8
Surgery alone 530 50.0 515 49.8
Time since surgery (day) < 0.001
<30 601 56.8 153 14.8 978 68.2
>30 458 432 882 85.2 436 30.4
Histologic subtype < 0.001
Differentiated 434 41.0 333 322 558 389
Undifferentiated 625 59.0 702 67.8 844 58.9
T stage (UICC 6th) < 0.001
T1 2 0.2 11 1.1 12 0.8
T2 597 56.4 564 54.5 366 255
T3 438 414 456 44.1 966 67.4
T4 22 2.1 4 0.4 80 5.6
N stage (UICC 6th) < 0.001
NO 115 10.9% 103 10.0 268 18.7
N1 656 61.9 620 59.9 634 44.2
N2 229 21.6 312 30.1 338 23.6
N3 58 55 0 0.0 180 12.6
TNM stage (UICC 6th) <.0.001
IA-IB 11 1.0 0 0.0 77 5.4
1II 549 51.8 515 49.8 372 26.0
1A 318 30.0 377 36.4 458 32.0
1B 108 10.2 142 13.7 220 154
v 72 6.8 1 0.1 294 20.5

Missing data (N): al, bl, ¢9, d19, el3, {9, g31, h12; iComparison among trials

confidence intervals, and p values of the treatment groups
were estimated by Cox regression adjusted for clinical
and pathological factors. Tests for treatment—subgroup
interactions were examined by Cox regression including

a treatment—subgroup interaction and clinical and patho-
logical factors as covariates. Combining the pathological

factors, regimen selection models were made.
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Table 2 Prognostic factors

. RFS (N=1043) OS (N=1045)
of surgery alone groups in
ACTS-GC and CLASSIC HR 95% C1 p value HR 95% C1 p value

Age

<65 years Ref Ref

65 years 1.42 1.17 1.72 <0.001 1.35 1.08 1.69 0.008*
Sex

Male Ref Ref

Female 0.88 0.72 1.09 0.24 0.81 0.64 1.04 0.09
BMI (kg/m?)

<18.5 1.07 0.84 1.36 0.61 1.23 0.94 1.62 0.13

18.5-25 Ref Ref

25— 0.81 0.56 1.18 0.27 0.84 0.54 1.30 0.43
Time since surgery

<30 days Ref Ref

30 days 1.11 0.89 1.38 0.36 1.10 0.86 1.41 0.44
Histologic subtype

Difterentiated Ref Ref

Undifferentiated 1.00 0.81 1.22 0.96 0.93 0.74 1.17 0.56
T stage (UICC 6th)

T1-2 Ref Ref

T34 1.74 1.43 2.13 <0.001 1.67 1.33 2.11 <0.001%*
N stage (UICC 6th)

NO Ref Ref

N1 1.12 0.80 1.56 0.52 1.25 0.84 1.87 0.27

N2-3 2.59 1.86 3.61 <0.001 2.54 1.72 3.77 <0.001*
TNM stage (UICC 6th)*

IA-II Ref Ref

A 1.81 1.46 2.25 <0.001 1.79 1.40 2.29 <0.001*

B-1V 3.44 2.70 4.39 <.001 3.02 2.28 3.99 <0.001*

Multivariable Cox regression models using age, sex, BMI, time since surgery, histologic subtype, T stage,
N stage as covariates stratified by trial

*p<0.05

“TNM stage was also analyzed in the same independent model

General

Categorical data were tabulated with frequencies and per-
centages. Medians and ranges (minimum—maximum) were
used to summarize continuous variables. Distributions of
clinical and pathological factors common in the three trials
were described as well and were compared across trials by
ANOVA or Fisher exact tests. Missing data were substituted
using the multiple imputation method. All reported p values
were two-tailed and p values lower than 5% (p <0.05) have
been reported, except for interaction p values for predic-
tive biomarkers (p <0.15) to identify the efficacy trend and
deviation in subset analyses. Statistical analyses were con-
ducted by academic statisticians using SAS version 9.4 (SAS
Institute, Cary, NC, USA), and R software (Rx 64 3.5.1).

@ Springer

Results
Analysis and characteristics

The integrity of IPD of the three trials was verified and ana-
lyzed as in Fig. 1. In the eligible 3527 patients who had been
registered and analyzed in the main papers, 3527 and 3521
data were available for OS and RFS, respectively.

ESM eTable 1 showed a comparison of trials’ character-
istics. All three studies were conducted in East Asia, and
eligibility criteria were similar. Patients were recruited from
2001 to 2009, at least 18 years of age, and treated by D2
gastrectomy. Slight inconsistency appeared at the period
of follow-up in two trials, in which publications showed
patients were followed up for at least 60 months, but the
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Tal?le 3 Prognos.tic factors of RES (N=2478) 08 (N=2482)
adjuvant groups in ACTS-GC,
CLASSIC and SAMIT HR 95% CI p value HR 95% CI p value
Age
<65 years Ref Ref
65 years 1.16 1.02 1.32 0.02* 1.29 1.12 1.48 < 0.001*
Sex
Male Ref Ref
Female 0.91 0.80 1.05 0.19 0.85 0.73 0.99 0.03*
BMI (kg/m?)
<18.5 1.12 0.96 1.30 0.14 1.14 0.97 1.35 0.11
18.5-25 Ref Ref
25— 0.97 0.76 1.24 0.84 0.87 0.66 1.16 0.35
Time since surgery
<30 days Ref Ref
30 days 1.02 0.89 1.17 0.79 0.96 0.83 1.11 0.58
Histologic subtype
Differentiated ref ref
Undifferentiated 1.02 0.89 1.17 0.74 1.11 0.96 1.29 0.16
T stage (UICC 6th)
T1-2 Ref Ref
T34 1.92 1.65 224 <0.001* 191 1.61 2.26 <0.001*
N stage (UICC 6th)
NO Ref Ref
N1 1.77 1.41 222 <0.001* 1.86 1.43 241 <0.001*
N2-3 3.66 2.92 4.57 <0.001*  4.10 3.17 5.29 <0.001*
TNM stage (UICC 6th)?
TIA-II Ref Ref
1A 2.00 1.68 2.38 <0.001*  2.16 1.77 2.62 <0.001%*
B-1V 4.14 3.50 4.90 <0.001*  4.50 3.73 5.44 <0.001%*

Multivariable Cox regression models using age, sex, BMI, time since surgery, histologic subtype, T stage,
N stage as covariates stratified by trial

*p<0.05

“TNM stage was also analyzed in the same independent model

data we received were followed up for 2—8 months less than
the data in the publications.

The patients’ characteristic distributions were slightly
different among the trials except for gender (Table 1). For
patients’ backgrounds, median age was younger, BMI was
higher, and time since surgery was longer in CLASSIC as
compared with ACTS-GC and SAMIT trials. For tumors,
undifferentiated type ratio was higher in CLASSIC; T3, T4,
N3, and stage IV ratios were higher in SAMIT as compared
with the other two trials due to the different eligibility cri-
teria (ESM eTable 1).

Prognostic factors
In “surgery alone” groups, age was the only significant

prognostic factor except for tumor stagings (Table 2). HRs
for patients over 65 were 1.42 and 1.35 for RFS and OS,

respectively. Also, there was a trend for better survival for
female patients. Tumor stagings: T, N, and TNM were all
significant prognostic factors. These prognostic factors
were almost similar in the “adjuvant” groups; HRs for older
groups were 1.16 and 1.29 for RFS and OS, respectively
(Table 3).

Predictive factors for adjuvant therapy
and regimens

Adjuvant therapy was more favorable among all clinical and
pathological factors evaluated, compared to surgery alone,
for both RFS and OS (Fig. 2). Predictive factors for adjuvant
therapy were BMI in RFS and T stage in OS with less than
0.15 interaction p values. Adjuvant was effective in low- to
middle-BMI patients, with HR less than 0.83 in both OS and
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Hazard Ratio
Subgroup No. of Patients (%) HR(95%Cl) P Value
RFS 2004 (100.0)
Age 0.38
<65 years 1307 ( 65.2) ] 0.64 (0.53-0.78)
265 years 697 ( 34.8) o 0.56 (0.44-0.71)
Sex 0.70
Male 1409 ( 70.3) —a— 0.60 (0.50-0.71)
Female 595 (29.7) e 0.64 (0.48-0.84)
BMI 0.10
<18.5 Kg/m? 345 (17.2) —— 0.58 (0.41-0.83)
18.5-25 Kg/m? 1494 ( 74.6) —a— 0.58 (0.48-0.69)
225 Kg/m? 164 ( 8.2) ! i 1.05(0.62-1.78)
Time since surgery 0.18
<30 days 699 ( 34.9) [ 0.70 (0.55-0.90)
230 days 1305 ( 65.1) —a— 0.56 (0.47-0.68)
Histologic subtype 0.60
Differentiated 738 (36.8) —— 0.58 (0.45-0.75)
Undifferentiated 1266 ( 63.2) oom 0.63 (0.52-0.76)
T stage 0.16
T1-2 1140 ( 56.9) —— 0.54 (0.43-0.67)
13-4 864 (43.1) . 0.67 (0.54-0.82)
N stage 0.34
NO 208 (10.4) . e | 0.54 (0.33-0.90)
N1 1259 ( 62.8) —a— 0.66 (0.54-0.81)
N2-3 537 ( 26.8) —— 0.52 (0.41-0.67)
TNM stage 0.82
I 1060 ( 52.9) —_— 0.55 (0.43-0.71)
A 694 ( 34.6) ] 0.61(0.49-0.78)
ns 250 (12.5) ——— 0.58 (0.42-0.81)
oS 2009 (100.0)
Age 0.88
<65 years 1309 ( 65.2) — 0.66 (0.53-0.82)
265 years 700 ( 34.8) e 0.68 (0.52-0.89)
Sex 0.43
Male 1412 ( 70.3) ——q 0.64 (0.52-0.78)
Female 597 (29.7) o 0.74 (0.54-1.02)
BMI 0.20
<18.5 Kg/m? 347 (17.3) _— 0.55 (0.37-0.81)
18.5-25 Kg/m? 1497 ( 74.5) —— 0.67 (0.55-0.81)
>25 Kg/m? 164 ( 8.2) k 1.07 (0.58-1.97)
Time since surgery 0.23
<30 days 703 ( 35.0) — 0.76 (0.58-1.01)
30 days 1306 ( 65.0) . 0.61 (0.49-0.76)
Histologic subtype 0.29
Differentiated 741 (36.9) A 0.59 (0.45-0.79)
Undifferentiated 1268 ( 63.1) | — 0.72 (0.58-0.89)
T stage 0.07
T1-2 1144 ( 56.9) by 0.56 (0.44-0.73)
T3-4 865 (43.1) i 0.77 (0.61-0.97)
N stage 0.76
NO 209 (10.4) i 0.53 (0.29-0.99)
N1 1262 ( 62.8) - 0.68 (0.54-0.86)
N2-3 538 ( 26.8) i 0.65 (0.50-0.86)
TNM stage 0.30
1] 1064 ( 53.0) —— 0.55 (0.41-0.73)
A 695 ( 34.6) [ — 0.70 (0.54-0.91)
11133 250 (12.4) . —— 0.76 (0.53-1.10)
I T T T 1
0.2 0.6 1 14 1.8

<---Adjuvant Therapy Better---

Fig.2 Efficacy of adjuvant vs. surgery alone in ACTS-GC and CLASSIC
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Table 4 Predictive factors for

; X Effects S-1  RFS (N=999) OS (N=1002)
adjuvant regimens: CAPOX vs.
S-1in ACTS-GC p* N HR 95%CI p* N HR 95%CI

T stage 0.02%%* 0.03%%*
T1-2 1.00 568 0.65 0.44 0.97 571 0.59 0.38 0.92
T34 1.00 431 1.15 084 1.59 431 1.06 0.74 1.53

N stage 0.05%* 0.09%*
NO 1.00 93 219 093 5.13 93 1.68 0.60 4.72
N1 1.00 632 098 0.70 1.37 634 0.99 0.68 1.44
N2-3 1.00 274 0.70 047 1.04 275 0.61 0.39 0.94

Histologic type 0.06%* 0.06%*
Differentiated 1.00 375 0.66 043 1.02 376  0.59 036 0.95
Undifferentiated 1.00 642 1.09 0.80 1.49 626 1.02 0.72 1.46

TNM stage (UICC6th) 0.48 0.51
I 1.00 515 0.85 056 1.29 517 0.76 047 1.25
IIA 1.00 357 1.08 0.74 1.57 358 0.99 0.65 1.51
MIB-1V 1.00 127 0.76 046 1.24 127 0.69 040 1.20

TNM stage (UICC6th) 0.49 0.52
1I 1.00 515 0.85 0.56 1.29 517 0.77 047 1.26
1A 1.00 357 1.07 0.74 1.57 358 099 0.65 1.51
IB-1V 1.00 127 0.76 0.46 1.25 127 070 0.40 1.20

Multivariable Cox regression models using age, sex, BMI, time since surgery, histologic type, TNM stage

as covariates
*For interaction
**p<0.15

Table 5 Subgroup identification

: . T stage Histology N HR 95% CI N HR 95%CI N HR 95%CI
for adjuvant regimens: CapeOX
vs. S-1 N stage NO NI N2-3
Combined RFS HRs* (N=999)
T1-2 Differentiated  — - - - 212 045 021 097 62 036 0.15 0.83
T1-2 Undifferentiated — - - - 209 0.89 049 1.65 85 1.42 0.49 4.10
T3-4 Differentiated 25 1.58 0.16 1527 52 1.51 0.59 3.86 24 068 0.23 2.01
T34 Undifferentiated 68 1.88 0.71 5.00 159 1.38 0.82 2.34 103 0.86 0.49 1.51
Combined OS HRs* (N=1002)
T1-2 Differentiated  — - - - 213 040 0.16 1.00 62 0.29 0.11 0.77
T1-2 Undifferentiated — - - - 210 091 045 1.84 86 1.01 0.33 3.09
T34 Differentiated 25 270 024 2996 52 1.03 037 2.86 24 0.88 0.30 2.63
T34 Undifferentiated 68 1.26 039 4.02 159 1.64 091 295 103 0.74 039 141

HRs, efficacy, for CAPOX vs S-1: high (italics) <0.75, middle 0.75-1.33, and low (bold) > 1.33

*Adjusted for age, sex, BMI, time since surgery

RFS, while it failed to show efficacy for high-BMI group.
For tumor stages, adjuvant was effective for every T and N
stage for RFS and OS; however, OS HRs tended to be lower
in T1-2 than in T3-4, 0.56 and 0.77, respectively (p =0.07
for interaction). There was no difference between histologi-
cal subtypes.

T N stage and histologic type all showed heterogene-
ity in efficacy of CAPOX vs S-1, but TNM staging did not
(Table 4). The median HRs for RFS and OS were between

0.59 and 0.70 and almost significant in T1-2, N2-3, and
differentiated type groups; while median HRs in NO group
were high as 2.19 and 1.68, but not significant.

Combined predictive models
According to the predictive factors (Table 4), T stage, histo-

logic type, and N stage were categorized into 12 tumor types
(Table 5). HRs, CAPOX vs S-1, were classified into three
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groups; high: <0.75, middle: 0.75-1.33, and low: > 1.33 for
estimated efficacy. Mostly significant blue HRs for RFS and
OS were in T1-2, differentiated and N1-3 groups between
0.29 and 0.45. Yellow HRs were in T3—4 and NO-1 groups
between 1.03 and 2.70; although not significant.

Discussion

The pooled analysis suggested that age was a significant
prognostic factor both in surgery alone and adjuvant group
patients; elderly patients over 64 years tended to have a
poor prognosis. These HRs tended to be lower in adju-
vant groups; and in the predictive factor analysis, age was
not associated with heterogeneity in treatment effects for
RFS and OS. Obesity, nutrition status, and sarcopenia
have been reported to be significant prognostic factors
[14, 15]. These nutritional and muscle status are age and
cancer related [16]. Our study could not identify those
markers, BMI was slightly associated with survival; HRs
were higher in low-BMI groups, and lower in high-BMI
groups compared with medium-BMI group. Combining
those factors, aged and low-BMI patients may have the
worst prognosis. Gastric surgery significantly affects nutri-
tion and body weight, perioperative nutritional control is
needed for those patients [17, 18].

On the other hand, high-BMI group did not benefit from
adjuvant therapy with HRs closed to 1.0. In contrast, low-
and medium-BMI groups benefited from adjuvant therapy
with median HRs between 0.55 and 0.67. Also, age and sex
showed no heterogeneity in treatment effects between adju-
vant and surgery alone groups. For obese patients with seri-
ous comorbidities, strategy for adjuvant therapy should be
decided considering the risk and lower benefits.

Tumor types: pTN stage and histology were possible pre-
dictive markers for CAPOX and S-1 with different trend
among the factors; but combined TNM staging was not pre-
dictive. Every tumor has these three factors, and it is difficult
to select the best regimens through the three different HRs.
So, we categorized the tumors into 12 histological subtypes
for a regimen selection model. Interestingly, the present
study clearly demonstrated that there was a significant inter-
action between S-1 and CAPOX for T, N, and histological
types. Especially, CAPOX was effective for differentiated
T1-2 tumors with lymph node metastases. On the other
hand, S-1 seemed to have high efficacy for T3—4 and NO-1
tumors. Recently, Yoshida et al. reported that addition of
docetaxel to S-1 is effective in patients with stage III [19];
it might be the best choice for undifferentiated T3—4 tumors
with lymph node metastasis. The administration period for
CAPOX and S-1 is half a year and one year, respectively,
also their toxicities are different. It may be possible to use
T, N, and histologic types properly; but it is necessary to
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select a regimen considering such efficacy and the toxicity,
administration period, and patient characteristics.

Our study has some limitations. For prognostic factors,
inclusion of SAMIT might have increased statistical power,
but at the same time, the direct comparison between surgery
and adjuvant groups was difficult. For predictive factors,
since the background factors and the tumor classifications
in CLASSIC and ACTS-GC do not completely match, we
may not exclude the possibility of unknown confounding
factors. Also, the analyzed datasets did not exactly match
the original papers’ data for follow-up periods, which tended
to be slightly shorter; and there were slight discrepancies
between RFS and OS HRs. The subset analyses were not all
accurate and precise due to the lower number of patients for
some groups such as obese patients, differentiated T3—4 NO,
2-3 tumors. There were certain tendencies for each category;
we need further study to verify the effectiveness of those
small subgroups.

Conclusion

The IPD analysis suggests that age is a significant prognostic
factor both in surgery alone and adjuvant group patients.
CAPOX is more effective for differentiated T1-2 tumors
with lymph node metastasis. It may be possible to use T,
N, and histologic types properly to select a regimen; while
it is necessary considering such efficacy with each toxicity,
administration period, and patient characteristics.
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