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Purpose: N3 gastric cancer (GC) is characterized by a heavy burden of lymph node
metastasis and a high postoperative recurrence rate. The role of radiotherapy in this group
of patients remains undetermined. The purpose of this study was to compare the effective-
ness of adjuvant chemoradiotherapy (CRT) and adjuvant chemotherapy (ChT) for N3 GC
after D2/R0 resection.

Patients and methods: From January 2004 to December 2015, patients with N3 GC in the
database of Fudan University Shanghai Cancer Center were retrospectively reviewed. The
eligible patients were enrolled in an adjuvant CRT group and an adjuvant ChT group. Four
different methods based on a propensity score model were used to balance the baseline
characteristics. Then, survival analyses between the two groups were performed in addition
to patterns of recurrence and subgroup analyses.

Results: In total, 175 and 365 eligible patients were enrolled into the CRT and ChT groups,
respectively. After balancing, the disease-free survival (DFS) of patients in the CRT group
was significantly better than that of patients in the ChT group (p=0.021). Subgroup analyses
showed that patients with N3a GC benefitted from adjuvant CRT.

Conclusion: Compared with adjuvant ChT, adjuvant CRT can further improve the DFS of
patients with N3 GC after D2/R0 resection. Patients with lymph node metastases should be
further stratified when selecting patients for adjuvant CRT.

Keywords: stomach neoplasms, gastrectomy, chemoradiation, propensity score, survival

analysis

Introduction

The incidence of gastric cancer (GC) has been generally declining for decades, but
it is still the sixth most common cancer and the fourth most frequent cause of
cancer-related death worldwide.' The recently updated epidemiologic data in China
show that 70.8% of cases of GC are locally advanced GC (LAGC). Therefore, how
to appropriately treat these patients and improve their survival is a serious challenge
for Chinese doctors and researchers.

There are now three available treatment strategies for LAGC including D2
surgery plus adjuvant chemotherapy (ChT), adjuvant chemoradiotherapy (CRT)
and perioperative ChT. However, patients with N3 GC, particularly N3b GC,
which is characterized by a heavy burden of lymph node (LN) metastasis and
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high postoperative recurrence rate,” are not often included
in clinical studies. Thus, the optimal treatment strategy for
these patients remains undetermined.

In addition, the role of adjuvant CRT for LAGC after D2/
RO surgery remains to be clarified. The subgroup analysis in
the ARTIST trial indicated that GC patients with LN metas-
tasis (pN+) could benefit from adjuvant CRT after D2/R0O
resection.” However, patients with N3 GC accounted for no
more than 30% of the total population in this study. The
positive results of this analysis can likely be ascribed to the
patients with N1-2 GC included in this subgroup.

There are several relevant retrospective studies that
have yielded inconsistent results. A study conducted by
Kilic et al*. focused on patients with more than 16 LN
metastases and found that compared with adjuvant ChT,
adjuvant CRT did not yield further survival benefits. The
subgroup analysis in the study at our center suggested the
ineffectiveness of adjuvant CRT for patients with N3 GC.’
However, the subgroup analysis in another study con-
ducted by Peng et al. indicated that patients with stage
IIIC disease (including stage T4aN3, T4bN2 and T4bN3
disease) in the CRT group had significantly longer disease-
free survival (DFS) and overall survival (OS) than those in
the ChT group.®

Thus, at present, there is a lack of randomized con-
trolled trials (RCTs) that have evaluated if the addition of
radiotherapy to adjuvant ChT can further benefit patients
with N3 GC. In addition, the findings of several retro-
spective studies are inconsistent. The purpose of this
study was to compare the effectiveness of adjuvant CRT
and adjuvant ChT for N3 GC after D2/R0O resection to
provide more evidence for treatment strategies for patients
with N3 GC.

Materials and methods

Patients
All the consecutive patients who met the following inclu-
sion criteria were first identified from the database: (1) D2/
RO gastrectomy performed between January 1st, 2004 and
December 31st, 2015; (2) histologically confirmed adeno-
carcinoma of the stomach or gastroesophageal junction
(GEJ); and (3) pathological confirmation of >7 metastatic
LNs (pTanyN3 according to the 7th edition of the AJCC
staging system).

The following patients were excluded: (1) patients who
received single-agent ChT; (2) patients who received
neoadjuvant ChT or CRT for a primary tumor; (3) patients

who did not have detailed records of ChT; (4) patients who
died within 30 days of surgery; (5) patients who were lost
to follow-up immediately after discharge from the hospi-
tal; (6) patients who had peritoneal or distant metastases
(stage IV disease) at the time of surgery; (7) patients who
had R1 resection, which was defined as positive peritoneal
cytology (CY1) or microscopically positive resection mar-
gins; (8) patients who had R2 resection, which was defined
as gross residual tumors left behind after surgery; (9)
patients with other pathological types of GC, such as
squamous cell carcinoma or neuroendocrine tumors
(NETs); (10) patients who underwent surgery due to gas-
tric stump carcinoma; (11) patients who had double pri-
mary malignancies; (12) patients who were missing
important clinicopathological data due to incomplete med-
ical records; and (13) patients in the CRT group who did
not finish the planned radiotherapy (RT).

Treatment delivery

Radiotherapy was given with 6 MV photons using either
3-dimensional CRT or intensity-modulated radiation ther-
apy (IMRT). Patients were treated with 25-28 fractions of
1.8 Gy for a total dose of 45-50.4 Gy (5 fractions/week).
The clinical target volume (CTV) encompassed the pre-
operative tumor extension, tumor bed, anastomosis site,
and regional draining LNs. The planning target volume
(PTV) margin was 0.5-1.0 cm considering the individual
uncertainties. The remnant stomach has not been routinely
included within the radiation field since 2008 due to the
results of a study from Korea.”

Concurrent ChT regimens included (1) a continuous
intravenous infusion of 225 mg/m* of 5- fluorouracil
(5-FU) for 120 hrs each week, and (2) 625 mg/m® of
capecitabine twice daily from day 1-5 weekly or tegafur
gimeracil oteracil potassium capsules (S1) 40 mg/m? twice
daily from day 1-5 weekly.

The patients in the CRT group received one or two courses
of adjuvant ChT followed by CRT and four to five additional
subsequent courses of ChT. The patients in the ChT group
received six to eight courses of ChT. The ChT regimens
mostly consisted of combination therapies involving 5-fluor-
ouracil (5-FU) or oral fluorouracil derivatives as the backbone
with the addition of oxaliplatin, epirubicin or taxanes.

Follow-up

After completion of primary treatment, patients were fol-
lowed up every 3 months for the first 2 years, then every
6 months until the fifth year, and yearly thereafter. Follow-
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up examinations included a complete history and physical
examination, measurement of serum tumor markers, CT
scans of the chest, abdomen and pelvis each time and
endoscopy each year. Disease recurrence was documented
by biopsy or cytology reports or by clinical evidence on
radiographic studies. Toxicities were assessed using the
Common Terminology Criteria for Adverse Events
(CTCAE) 4.0.

Definition of recurrence

Recurrences were categorized as local recurrence (LR),
regional recurrence (RR), peritoneal metastasis (PM) or
distant metastasis (DM). LR was defined as any relapse at
the site of anastomosis, remnant stomach, duodenal stump
or tumor bed. RR was defined as recurrence involving the
regional LNs within the RT field or hypothetical RT field
of patients in the ChT group. Recurrence inside the peri-
toneal cavity was considered PM and included carcinoma-
tosis of the colorectum, ovaries, peritoneum, and ureters.
DM was considered metastases involving the intra-
abdominal organs (liver, adrenal gland, etc.) or extra-
abdominal organs (lung, bone, brain, etc.) and LNs
(Virchow’s node, etc.).

Predictor variables

Clinicopathological variables considered in the analyses
were classified into patient, clinical, and histopathological
variables. Patient variables included sex and age. Clinical
variables included the primary location of the tumor and
the regimens adjuvant  ChT.
Histopathological variables included the World Health
Organization (WHO) histology and grade of the tumor,

and courses of

number of positive LNs and dissected LNs, invasion
depth, nodal status and AJCC stage of the tumor.

The of ChT were
a dichotomous variable (complete vs incomplete) based

courses transformed into
on the number of courses. According to the design of the
ARTIST trial,® patients in the CRT group who received
four or more courses of ChT or patients in the ChT group
who received six or more courses of ChT were regarded as
receiving complete adjuvant ChT. If they received fewer
courses of treatment, they were considered to have
received incomplete adjuvant ChT.

The adjuvant CRT and ChT groups were compared
with respect to the patient, clinical and histopathological
variables outlined. Continuous variables are reported as
the mean (+ SD) or median (with range), as appropriate,
and categorical variables are reported as numbers and

percentages. Variables were compared using the x* test or
independent sample #-test/Wilcoxon rank sum test, as
appropriate. Univariable logistic regression models were
used to estimate crude ORs and 95% Cls to evaluate the
association between each variable and treatment status
(adjuvant CRT or ChT).

Statistical analysis
The primary objective of this study was to compare the
DFS between the two groups. The secondary objective
was to compare the OS and determine the effectiveness
of adjuvant CRT in clinically relevant patient subsets.
DFS was calculated from surgery until the first locor-
egional, distant or peritoneal recurrence (event) or the day
of last follow-up without recurrence (censored). OS was
calculated from surgery until death of any cause (event) or
last follow-up contact (censored). Locoregional recur-
rence-free survival (LRRFS) was calculated from surgery
until locoregional recurrence (LRR) (event) or the day of
last follow-up without LRR (censored). Distant metastasis-
free survival (DMFS) was calculated from surgery until
DM/PM (event) or the day of last follow-up without DM/
PM (censored). Survival was estimated by using the
Kaplan—Meier method and compared with the log-rank
test. All
R software (version 3.5.0; R Project for Statistical

statistical analyses were performed using

Computing, Vienna, Austria).

Propensity score estimation

To evaluate differences in the baseline characteristics
between groups, propensity scores were estimated with
a multivariable logistic regression model in which treat-
ment assignment was regressed on the clinicopathological
variables outlined in the “Predictor variables” section.
These covariates were included in the propensity score
model because there was consensus that they were clini-
cally important predictors of either treatment assignment
or survival.

Survival modeling and propensity score
application

A Cox proportional hazards model was used to compare
the DFS and OS in patients treated with adjuvant CRT or
ChT. To ensure balance between both groups in variables
prognostic of survival and to consolidate the strength of
our findings, we calculated HRs using four different meth-
ods. (1) Stratification of the propensity score was
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performed by classifying patients into quintiles by their
propensity scores. (2) Matching was performed by match-
ing patients in the adjuvant ChT and CRT groups by
propensity scores using variable optimal matching with
a caliper of 0.1 and a ratio of 1 for the ChT and CRT
groups. (3) Inverse probability of treatment weighting
(IPTW) was calculated by the inverse of the propensity
score of the treatment received. (4) Adjustment of the
propensity score was performed by including it as
a continuous covariate in the Cox regression model.

Balance diagnostics

Various graphical techniques were used to visually assess
the degree of balance between treatment groups achieved
with the matching approaches. These techniques included
a comparison of histograms and jitter graphs depicting pre-
and post-matched propensity score distributions in each
treatment group (Figures S1 and S2). Standardized mean
differences were computed for all the covariates in the pre-
and post-matched samples (Table S1). A standardized
mean difference greater than 0.1 indicated an imbalance
that required further investigation.

Sensitivity analysis

Data regarding performance status, a factor associated
with the choice of postoperative treatment and survival,
cannot be obtained due to the retrospective nature of this
study. Therefore, we conducted a sensitivity analysis with
the R package “obsSens” using the approach described by
Lin et al’. to investigate the potential effects of perfor-
We defined an Eastern
Cooperative Oncology Group (ECOG) performance status

mance status on our results.

of more than or equal to 2 as a bad performance status.
Then, we varied the prevalence of poor performance status
in the CRT and ChT groups, as well as the hazard for DFS,
using estimates from prior studies. We assumed that an
ECOG performance status of 2 or greater would be asso-
ciated with an HR of 1.2-2.0. Using these data, we calcu-
lated adjusted HRs (with 95% CIs) for the CRT group.

Results
Study population

All the included patients were treated between January 1st,
2004, to December 31st, 2015. A detailed flow diagram of
patient inclusion is shown in Figure 1A (ChT group) and
Figure 1B (CRT group). There were 1787 patients identi-
fied who had undergone resection for pN3 GC at Fudan

University Shanghai Cancer Center (FUSCC). We then
randomly selected 800 patients to further collect their
detailed clinicopathological parameters. Random selection
was performed with the function “sample” in the
R package “base”.

Patient characteristics

The pre-matched clinicopathological characteristics are
summarized in Table 1. Patients who received adjuvant
CRT were younger than those who did not. Matching by
propensity scores achieved adequate balance between the
adjuvant CRT and ChT groups for all covariates (Table S1,
Figures S1 and S2).

Treatment delivery and safety

Patients in the CRT group received a median radiation
dose of 45 Gy (range 45.0-50.4 Gy). Details of ChT regi-
mens are summarized in Table S2. In the CRT and ChT
groups, 52.6% and 49.9% of patients, respectively, com-
pleted the entire treatment regimen as planned (p=0.619).
The most common grade III-IV toxicities were leucopoe-
nia/granulocytopoenia, accounting for 31.4% and 24.2% in
the CRT and ChT groups, respectively. No treatment-
related death occurred. Details of the toxicities are listed
in Table 2.

Survival and subgroup analyses
The median follow-up for patients in the ChT group was
38 months versus 32.4 months for those in the CRT group.
The addition of RT proved to be an independent prognostic
factor for DFS in the multivariate analysis of the pre-matched
samples (Table S3). Additionally, sex, histology, differentia-
tion, invasion depth, nodal status, ChT courses and regimens
were identified as independent prognostic factors for DFS in
the Cox proportional hazard regression model selected by the
Akaike Information Criterion (AIC) (Table S3).

The four different methods of propensity score ana-
IPTW and
matching yielded similar results (Table 3). In the post-

lyses including adjustment, stratification,
matched samples, the median DFS and OS were 21.3
and 32.6 months, respectively, in the ChT group versus
23.7 and 32.9 months, respectively, in the CRT group. The
3-year DFS was 32.1% in the ChT group versus 43.4% in
the CRT group (p=0.021). The 3-year OS was 45.9% in
the ChT group versus 48.2% in the CRT group (p=0.159)
(Table 3). Figure 2A and B shows the survival curves of
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A Patients who had undergone an

resection for stage pN3 GC in FUSCC

(n=1787)

Patients who had undergone an
resection for stage pN3 GC
(n=800)

Patients who had undergone an RO

Excluded (n=217)

+ Stage IV disease (n=15)

* Gastric stump cancer (n=8)

* R1/R2 resection (n=49)

* Squamous carcinoma or NET (n=6)
* Incomplete medical records (n=18)
* Lost to follow-up (n=40)

» Double primary malignancies (n=6)

resection for stage pN3 GC
(n=583)

Patients who had undergone an RO
resection for stage pN3 GC
(n=389)

* Received adjuvant CRT (n=75)

Excluded due to unfit ChT (n=194)
* Single agent ChT (n=80)
* No detailed records of ChT (n=114)

| Excluded (n=14)
‘ * D1 lymphadenectomy (n=24)

Patients who had undergone an
D2/RO0 resection and adjuvant ChT
for stage pN3 GC
(n=365)

B Patients who had undergone an
resection and adjuvant CRT both
in FUSCC for stage pN3 GC
(n=163)

Patients who had undergone an resection
and adjuvant CRT for stage pN3 GC
(n=284)

Patients who had undergone an RO resection
and adjuvant CRT for stage pN3 GC
(n=204)

Patients who had undergone an RO resection
and adjuvant CRT for stage pN3 GC
(n=193)

Patients who had undergone an D2/R0
resection and adjuvant CRT for stage pN3 GC
(n=175)

Patients who had undergone an

resection elsewhere but adjuvant

CRT in FUSCC for stage pN3 GC
(n=121)

Excluded (n=80)

» Stage IV disease (n=4)

* R1/R2 resection (n=35)

* Squamous carcinoma or NET (n=1)
* Incomplete medical records (n=18)
* Lost to follow-up (n=15)

* Adjuvant CRT unfinished (n=7)

Excluded due to unfit ChT (n=11)
* Single agent ChT (n=2)
* No detailed records of ChT (n=9)

Excluded (n=18)
* D1 lymphadenectomy (n=18)

Figure | Patient inclusion in the (A) adjuvant ChT group (n=365) and (B) adjuvant CRT group (n=175) (2004-2015).
Abbreviations: CRT, chemoradiotherapy; ChT, chemotherapy; FUSCC, Fudan University Shanghai Cancer Center; GC, gastric cancer; NET, neuroendocrine tumor.
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Table | Baseline patient characteristics in the adjuvant CRT and adjuvant ChT groups in the original samples

No. (%) SMD Crude OR 95% CI P-value
Variables ChT Group CRT Group
(n=365) (n=175)
Sex 0.065 0.542
Male 253 (69.3) 116 (66.3) Ref.
Female 112 (30.7) 59 (33.7) I.15 0.78-1.69
Age (years) 0.303 0.97 0.96-0.99 0.001
Mean (SD) 55.72 (10.69) 52.47 (10.77)
Median (range) 57 (28-80) 54 (19-77)
Location 0.132 0.573
GEJ+upper 1/3 84 (23.0) 31 (17.7) Ref.
Middle 1/3 80 (21.9) 41 (234) 1.39 0.79-2.43
Lower 1/3 169 (46.3) 86 (49.1) 1.38 0.85-2.27
22/3 of stomach 32 (8.8) 17 (9.7) |.44 0.69-2.94
Histology 0.066 0.921
Adenocarcinoma 303 (83.0) 146 (83.4) Ref.
Tubular adenocarcinoma 17 (4.7) 6 (34) 0.73 0.26-1.80
Mucinous adenocarcinoma 18 (4.9) 9 (5.1) 1.04 0.44-2.31
Signet ring cell carcinoma 27 (74) 14 (8.0) 1.08 0.53-2.08
Differentiation 0.147 0.139
Poor 238 (65.2) 126 (72.0) Ref.
Well-moderate 127 (34.8) 49 (28.0) 0.73 0.49-1.08
No. of positive LNs 0.091 1.01 0.99-1.04 0.321
Mean (SD) 13.42 (6.51) 14.02 (6.51)
Median (range) 12 (7-49) 12 (7-38)
No. of retrieved LNs 0.017 1.00 0.98-1.02 0.855
Mean (SD) 26.52 (9.50) 26.67 (8.81)
Median (range) 24 (15-74) 25 (15-67)
Invasion depth 0.134 0.510
TI 12 (3.3) 6 (3.4) Ref.
T2 13 (3.6) Il (6.3) 1.69 0.48-6.27
T3 111 (30.4) 55 (31.4) 0.99 0.36-2.98
T4 229 (62.7) 103 (58.9) 0.90 0.34-2.64
Nodal status 0.138 0.158
N3a 269 (73.7) 118 (67.4) Ref.
N3b 96 (26.3) 57 (32.6) 1.35 0.91-2.00
AJCC stage 0.134 0.510
1B 12 (3.3) 6 (3.4) Ref.
A 13 (3.6) 11 (6.3) 1.69 0.48-6.27
1B 111 (30.4) 55 (31.4) 0.99 0.36-2.98
nc 229 (62.7) 103 (58.9) 0.90 0.34-2.64
ChT courses 0.054 0.619
Complete 182 (49.9) 92 (52.6) Ref.
Incomplete 183 (50.1) 83 (47.4) 0.90 0.62-1.29
(Continued)
4860 submit your manuscript Cancer Management and Research 2019:1 |

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove Zhou et al
Table | (Continued).
No. (%) SMD Crude OR 95% ClI P-value
ChT regimens 0.617 <0.001
Double drugs 290 (79.5) 90 (51.4) Ref.
Triple drugs 75 (20.5) 85 (48.6) 3.65 2.48-5.41

Abbreviations: AJCC, American Joint Committee on Cancer; ChT, chemotherapy;

reference; SMD, standardized mean difference.

DFS and OS in the ChT and CRT groups in the post-
matched dataset.

The subgroup analyses showed heterogeneity in the
HRs of subgroups defined by sex, age, tumor location,
differentiation, invasion depth and nodal status. However,
an interaction between treatment and the subgroup of
interest remained in only the subgroups defined by sex
and age (Figure S3).

Patterns of recurrence

The patterns of recurrence were analyzed based on the
post-matched samples. During the follow-up period, 117
and 103 patients developed recurrence in the ChT and
CRT groups, respectively; of these, 18 and 20 patients in
the ChT and CRT groups, respectively, could not be further
classified because the sites of recurrence were unspecified,
leaving 99 and 83 patients in the ChT and CRT groups,
respectively, with specified recurrences for further analy-
sis. The patterns of total recurrence are summarized in
Table 4. There were more patients with isolated LRR in
the ChT group than in the CRT group. With regard to the
sites of recurrence, total RR was significantly decreased in
the CRT group. The LRRFS in the CRT group was sig-
nificantly better than that in the ChT group, but the DMFS
was not different between the two groups (Figure 2C
and D).

Sensitivity analysis

Sensitivity analyses including patients who were initially
excluded from the analysis because either their lymphade-
nectomy was less than D2 or they were unfit for ChT did
not alter the results (Table S4)

Assuming an HR of 1.2, the advantage of adjuvant
CRT was relatively robust to the effects of poor perfor-
mance status (Figure S4). However, when assuming an HR
between 1.6 and 2.0, the advantage of adjuvant CRT
remained only if the percentages of patients with poor
performance were equal between the two groups.

CRT, chemoradiotherapy; GEJ, gastroesophageal junction; LNs, lymph nodes; Ref.,

Discussion

Although the risk of LRR is approximately 32.4% for
patients with N3 GC, it is possible that patients with
high nodal burdens, such as those with N3 disease, may
not benefit from radiotherapy owing to early peritoneal or
systemic failure and death.'® The current study has demon-
strated that the addition of RT to adjuvant ChT can sig-
nificantly improve DFS in this group of patients. These
survival results remained consistent and stable in the mul-
tivariate analysis and with the four different methods
based on propensity score analyses. In addition, the current
study has a relatively large sample size among retrospec-
tive studies.

The possible reasons for improved DFS but not OS can
be explained by the patterns of recurrence. Compared with
adjuvant ChT, CRT significantly reduced the risks of LRR;
however, the unimproved DMFS might have offset the
LRRFS benefits from CRT. This view is also supported
by several meta-analyses.'' !> Moreover, the palliative
treatment after recurrence that these patients received
may have influenced OS.

The results of the subgroup analyses indicated that
several clinicopathological factors can be used to deter-
mine which patients will benefit from CRT. The finding
that patients with well to moderately differentiated tumors
benefitted more from CRT is partially consistent with the
results of the ARTIST trial, which used Lauren’s classifi-
cation to define subgroups.'® Another implication is that
patients with N3a, but not N3b, could benefit from CRT.
N3 was subclassified into N3a and N3b in the 7th edition
of the AJCC staging system, but the two subclassifications
do not differ with regard to the final pathologic TNM
stage. However, several studies have demonstrated that
the two N3 subclassifications (N3a vs N3b) have signifi-
cantly different survival profiles.'>'? Thus, finally, the N3
subclassification has been incorporated into the final sta-
ging stratification in the 8th edition of the AJCC staging
system. The current results are consistent with those of
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Table 2 Grade llI-IV toxicities

n (%)

ChT group (n=153)

CRT group (n=153)

Leukopenia/granulocytopenia
Thrombocytopenia

Anemia

Liver dysfunction

Anorexia

Nausea

Vomiting

Diarrhea

37 (242)
4(26)

0 (0)

1 (0.7)

7 (4.6)
1 (72)
8 (5.2)
4(26)

48 (31.4)
5(3.3)

3 (2.0)
2(1.3)
17 (11.1)
5 (9.8)
9 (5.9)

3 (2.0)

Abbreviations: ChT, chemotherapy; CRT, chemoradiotherapy.

Table 3 Effect of adjuvant CRT versus adjuvant ChT on DFS and OS in patients with N3 gastric or gastroesophageal adenocarcinoma

after D2/RO resection

DFS os
Model Sample size HR (95% ClI) P-value HR (95% Cl) P-value
Unadjusted 175 vs 365 0.82 (0.65-1.02) 0.077 0.98 (0.78-1.23) 0.860
Cox regression model 175 vs 365 0.75 (0.59-0.95) 0.019 0.91 (0.72-1.17) 0.475
Propensity score-based models
Adjusted 175 vs 365 0.75 (0.59-0.95) 0.018 0.91 (0.72-1.16) 0.464
Stratified 175 vs 365 0.76 (0.60-0.97) 0.027 0.93 (0.73-1.18) 0.550
Weighted (IPTW) 175 vs 365 0.80 (0.68-0.95) 0.012 0.97 (0.82-1.20) 0.746
Matched 153 vs 153 0.72 (0.55-0.95) 0.021 0.82 (0.62—-1.08) 0.159

Abbreviations: ChT, chemotherapy; CRT, chemoradiotherapy; DFS, disease-free survival; IPTW, inverse probability of treatment weighting; OS, overall survival.

Table 4 Patterns of total recurrence over the entire follow-up period

No. (%)
ChT group CRT group
(n=153) (n=153)
Single site
LRR 21 (13.7) 12 (7.8)
DM 25 (l6.3) 21 (13.7)
PM 20 (13.1) 26 (17.0)
Two sites
LRR+DM 14 (9.2) 8 (5.2)
LRR+PM 7 (4.6) 7 (4.6)
DM+PM 6 (3.9 9 (5.9
Three sites
LRR+DM+PM 6 (3.9 0 (0)
Total recurrent sites 141 110
Local recurrence 13 (9.2) Il (10.0)
Regional recurrence 38 (27.0) 18 (16.4)
Peritoneal metastasis 39 (27.7) 43 (39.1)
Distant metastasis 51 (36.2) 38 (34.5)

Abbreviations: ChT, chemotherapy; CRT, chemoradiotherapy; DM, distant metastasis; LRR, locoregional recurrence; PM, peritoneal metastasis.
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Figure 2 (A) DFS, (B) OS, (C) locoregional recurrence-free survival and (D) distant metastasis-free survival in the propensity score-matched dataset of patients with N3
gastric or gastroesophageal adenocarcinoma receiving adjuvant CRT versus adjuvant ChT after D2/R0 resection.
Abbreviations: ChT, chemotherapy; CRT, chemoradiotherapy; DFS, disease-free survival; OS, overall survival.

previous studies. However, can patients with N3b GC be
further divided? The optimal cutoff value for the number
of positive LNs remains to be investigated.

The appropriate number of courses of ChT has not
been determined yet. In this study, we used the number
of cycles used in the ARTIST trial to dichotomize the
number of courses as a variable and found that an incom-
plete ChT course was an independent poor prognostic
factor. This finding was consistent with the results of
a previous study?® showing that receiving insufficient
courses of ChT is associated with a poor prognosis.

The optimal regimen for adjuvant ChT is also undeter-
mined. The subgroup analyses of the ACTS-GC trial
showed that the survival benefit associated with S1 treat-
ment was limited to patients with NO-1 disease,”’ and
a single cytotoxic agent for patients with N2-3 GC is not
enough. Thus, we excluded patients who received only
single-agent ChT. Moreover, the selection between double-
and triple-drug regimens is under debate. Both XELOX and
ECF/capecitabine (ECX) have been proven to be effective
in phase III clinical trials. However, ECF/ECX, which was

established as a standard regimen in the MAGIC trial, has
been questioned due to its poor performance, which is no
better than that of single-agent ChT.*> Coincidentally, the
triple-drug regimens used in the current study, which were
mostly EOF/EOX, were identified as an independent prog-
nostic factor for poor DFS. Recently, a new standard regi-
men has been established for perioperative ChT in a phase
II/IIT clinical trial conducted in Germany; this new regimen,
5-FU + leucovorin + oxaliplatin + docetaxel (FLOT), has
rather good efficacy and acceptable safety.** Although,
FLOT shows promise, the efficacy and safety of FLOT for
Asian patients needs further validation.

As previously mentioned, the best treatment strategy for
patients with N3 GC is controversial. Due to severe LN
metastasis, they may be evaluated as having potentially resect-
able disease in practice, but surgery is high risk for these
patients. Even if RO resection is achieved, the risk of post-
operative recurrence is high, and long-term survival is poor.
Additionally, the completion rate of postoperative treatment
was poor in our study. Nearly half of the patients in each group
did not complete the planned adjuvant therapy. The same
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situation has also occurred in other studies, such as the
CRITICS and MAGIC trials. Compared with adjuvant ther-
apy, neoadjuvant therapy has several advantages. This treat-
ment modality can downstage tumor and increase the rate of
RO resection. Additionally, patients tolerate neoadjuvant ther-
apy better than adjuvant therapy. Thus, perhaps more studies
should emphasize the application of neoadjuvant therapy for
N3 GC patients.

There are limitations to our study. First, as
a retrospective study, different regimens of adjuvant ChT
were used, and nearly half of the patients in the CRT group
underwent surgery in other hospitals and received adjuvant
CRT at our center. The heterogeneity of the treatments could
affect the quality of this study. Second, Lauren’s typing has
been shown to be a significant prognostic factor. However, it
was not included in the study due to data missing. In addi-
tion, the baseline histology was not very informative due to
the two versions of WHO classification adopted in the
population. Thus, the category of adenocarcinoma actually
included adenocarcinoma (8140/3) and mixed adenocarci-
noma (8255/3). However, this information insufficiency
could be complemented by information concerning the
tumor differentiation. Third, we applied a 1:1 ratio to con-
duct the propensity score matching. Thus, the sample was, to
some extent, wasted, but the matching was more accurate.
As the subgroup analyses were performed based on the post-
matched dataset, interpretation should be cautious, as the
sample size was not large enough. Fourth, as the cases in this
study were retrieved over a long time period (2004-2015),
the ChT regimens changed over time. Thus, the course and
regimen of ChT were also included into the propensity score
analyses, although they are not, strictly speaking, baseline
characteristics. Therefore, the regimens of ChT (double vs
triple) between the two groups were balanced.

Conclusion

In summary, in this retrospective study, compared with
adjuvant ChT, adjuvant CRT was
improved DFS in patients with N3 GC after D2/R0 resec-
tion. Patients with lymph node metastases should be

associated with

further stratified when selecting patients for adjuvant CRT.
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Figure S| Histograms depicting the (A) pre- and (B) post-matched propensity score distributions in the chemotherapy (ChT) and chemoradiotherapy (CRT) groups.
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Figure S4 Sensitivity analysis of the HR for disease-free survival adjusted for poor performance status.
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Table S| Standardized mean differences of baseline characteristics in the original and

matched samples

Variables No. (%) P-value SMD
ChT Group CRT Group Matched sample Original sample
(n=153) (n=153)

Sex 1.000 0.014 0.065
Male 52 (34.0) 51 (333)
Female 101 (66.0) 102 (66.7)

Age (years) 0.699 0.046 0.303
Mean (SD) 53.95 (10.88) 53.47 (10.22)
Median (range) 56 (28-80) 55 (19-77)

Location 0.936 0.074 0.132
GEJ+upper 1/3 70 (45.8) 74 (48.4)
Middle 1/3 37 (242) 36 (23.5)
Lower 1/3 33 (21.6) 29 (19.0)
22/3 of stomach 13 (8.5) 14 (9.2)

Histology 0.925 0.078 0.066
Adenocarcinoma 125 (81.7) 126 (82.4)
Tubular adenocarcinoma 7 (4.6) 6 (3.9)
Mucinous adenocarcinoma 10 (6.5) 8(5.2)
Signet ring cell carcinoma 11 (7.2) 13 (8.5)

Differentiation 0.900 0.029 0.147
Poor 107 (69.9) 109 (71.2)
Well-moderate 46 (30.1) 44 (28.8)

No. of positive LNs 0.496 0.078 0.091
Mean (SD) 14.14 (7.39) 13.60 (6.51)
Median (range) 12 (7-49) 12 (7-38)

No. of retrieve LNs 0.474 0.082 0.017
Mean (SD) 26.07 (9.13) 26.82 (9.06)
Median (range) 24 (15-61) 25 (15-67)

Invasion depth 0912 0.083 0.134
Tl 4 (2.6) 6 (3.9)
T2 9 (5.9) 9 (5.9)
T3 46 (30.1) 48 (31.4)
T4 94 (61.4) 90 (58.8)

Nodal status 0.899 0.029 0.138
N3a 109 (71.2) 111 (72.5)
N3b 44 (28.8) 42 (27.5)

AJCC stage 0912 0.083 0.134
1B 4 (2.6) 6 (3.9)
A 9 (5.9) 9 (5.9)
B 46 (30.1) 48 (31.4)
nc 94 (61.4) 90 (58.8)

ChT courses 1.000 0.013 0.054
Complete 80 (52.3) 79 (51.6)
Incomplete 73 (47.7) 74 (48.4)

(Continued)
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Table S1 (Continued).

Variables No. (%) P-value SMD
ChT Group CRT Group Matched sample Original sample
(n=153) (n=153)
ChT regimens 1.000 <0.001 0.617
Double drugs 90 (58.8) 90 (58.8)
Triple drugs 63 (41.2) 63 (41.2)

Abbreviations: AJCC, American Joint Committee on Cancer; ChT, chemotherapy; CRT, chemoradiotherapy; GEJ, gastroesophageal junction; LNs, lymph nodes.

Table S2 ChT regimens

n (%)

Regimens

Platinum+fluorouracil
Taxanes+platinum
Others

Epirubicin+platinum+fluorouracil
Taxanes+platinum+fluorouracil

63 (17.3)
12 3.3)

22 (6.0)
2 (0.5)

ChT group (n=365)

266 (72.9)

CRT group (n=175)
83 (47.4)

2. (1.1)

86 (49.1)

3(1.7)

1 (0.6)

Abbreviations: ChT, chemotherapy; CRT, chemoradiotherapy.

Table S3 Univariate and multivariate analyses of prognostic factors for DFS

Univariate analysis Multivariate analysis

Variables N No. of events 3-yr DFS (%) HR 95% ClI P -value HR 95% Cl P-value
Sex

Male 369 242 40.9% Ref. Ref.

Female 171 124 32.5% I.19 0.96—1.48 0.111 1.28 1.02-1.60 0.033
Age (years)

<60 374 251 38.2% Ref. Ref.

>60 166 15 38.1% 1.03 0.82-1.28 0.804 - - -
Location

GEJ+upper /3 115 8l 33.8% Ref. Ref.

Middle 1/3 121 8l 39.4% 0.90 0.66—1.22 0.487 - - -

Lower 1/3 255 169 40.0% 091 0.69-1.18 0.461 - - -

Multiple 49 35 33.9% 1.19 0.80-1.77 0.385 - - -
Histology

Adenocarcinoma 449 297 39.9% Ref. Ref.

Tubular adenocarcinoma 23 17 20.4% 1.52 0.93-2.47 0.095 1.77 1.06-2.94 0.028

Mucinous adenocarcinoma 27 18 34.3% 1.06 0.66—1.70 0.815 1.01 0.62—1.63 0.983

Signet ring cell carcinoma 41 34 25.2% 1.51 1.06-2.16 0.023 1.35 0.94-1.94 0.105
Differatiation

Poor 364 260 35.2% Ref. Ref.

Well-moderate 176 106 44.2% 0.75 0.60-0.94 0.014 0.78 0.61-0.99 0.044
Invasion depth

Tl 18 6 77.8% Ref. Ref.

T2 24 13 38.7% 2.04 0.77-5.36 0.149 238 0.90-6.28 0.079

(Continued)
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Table S3 (Continued).

Univariate analysis Multivariate analysis

T3 166 97 45.9% 2.18 0.96-4.98 0.064 241 1.05-5.51 0.038

T4 332 250 32.2% 322 1.43-7.24 0.005 3.42 1.51-7.73 0.003
Nodal status

N3a 387 250 41.4% Ref. Ref.

N3b 153 16 29.7% 1.48 I.18-1.84 0.001 1.35 1.08-1.70 0.010
ChT course

Complete 274 180 42.8% Ref. Ref.

Incomplete 266 186 33.7% 1.29 1.05-1.59 0.014 1.37 1.11-1.69 0.003
ChT regimens

Double drugs 380 243 41.4% Ref. Ref.

Triple drugs 160 123 30.4% 1.26 1.01-1.56 0.039 1.33 1.06-1.68 0.0l16
Group

ChT 365 259 36.1% Ref. Ref.

CRT 175 107 42.5% 0.82 0.65-1.02 0.077 0.75 0.59-0.95 0.019

Abbreviations: ChT, chemotherapy; CRT, chemoradiotherapy; GEJ, gastroesophageal junction; LNs, lymph nodes; Ref., reference.

Table S4 Sensitivity analyses examining the effect of adjuvant CRT versus adjuvant ChT on DFS and OS in patients with N3 gastric or

gastroesophageal adenocarcinoma after D2/R0 resection

DFS oS
Model Sample size HR (95% CI) P-value HR (95% CI) P-value
Including patients unfit for chemotherapy
Unadjusted 532 vs 202 0.78 (0.64-0.95) 0.013 0.88 (0.72—-1.08) 0.211
Including patients do not reach D2 lymphadenectomy
Unadjusted 389 vs 193 0.83 (0.67—-1.03) 0.092 0.99 (0.80-1.23) 0.920
Propensity score adjusted 389 vs 193 0.76 (0.61-0.95) 0.017 0.91 (0.73-1.10) 0.439

Abbreviations: ChT, chemotherapy; CRT, chemoradiotherapy; DFS, disease-free survival; IPTW, inverse probability of treatment weighting; OS, overall survival.
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