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Abstract

Background Recent studies have found a negative impact of postoperative complications on long-term survival outcomes,
but it has not been confirmed by data obtained from a prospective study with a large sample size. This study investigated
the impact of postoperative complications on long-term survival outcomes, and considered the optimal definition of com-
plication, using data from JCOG1001, which compared bursectomy and non-bursectomy for patients with cT3/4a locally
advanced gastric cancer.

Methods This study included 1191 of 1204 patients enrolled in the JCOG1001 trial. Complications were graded by Clavien—
Dindo (C-D) classification. Impact of the grade (>C-D grade II or > grade III) or type (any or intra-abdominal infectious)
of complication on survival outcome was evaluated by univariate and multivariable analyses using the Cox proportional
hazard model.

Results The incidence of any > C-D grade II and > grade III complication was 23.0% and 9.7%, respectively, and that
of > grade II and > grade III intra-abdominal infectious complication was 13.4% and 6.9%, respectively. Multivariable
analysis showed all four definitions of complications were independent prognostic factors for overall survival. Conversely,
only any >C-D grade III complication was found to be an independent prognostic factor for relapse-free survival (hazard
ratio, 1.445; 95% confidence interval, 1.026-2.036; P =0.035).

Conclusions Postoperative complications adversely affect the long-term survival outcomes of patients with ¢T3/4a gastric
cancer. Any > C-D grade III complication seems to be the most suitable definition of complication for predicting negative
long-term survival outcomes.
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Introduction

Gastric cancer is the fifth most common type of cancer, and
the third leading cause of cancer-related deaths in the world
[1]. Surgical resection with curative intent is the mainstay of
treatment for locally advanced gastric cancer, and periopera-
tive chemotherapy, postoperative chemotherapy, or postopera-
tive chemoradiotherapy is usually administered, with regional
preference, to improve long-term survival outcomes [2-6]. A
D2 lymphadenectomy is recommended in several guidelines,
and considered as the standard procedure for locally advanced
gastric cancer. However, although the surgical technique of
a D2 gastrectomy has been standardized in East Asia, it is
still technically demanding [5-8]. Accordingly, the incidence
of postoperative complications following D2 gastrectomy
is reported to be 15-50%, depending on the region [9-12].
Undoubtedly, postoperative complications adversely affect
patient quality of life, and can even result in death, with the
mortality rate following D2 gastrectomy reported to range
from 0.5% to 10% [9—12].

Recent studies have found a negative impact of postopera-
tive complications on long-term survival outcomes [13-18].
Although the mechanism has not yet been fully elucidated,
one hypothesis is that the growth of residual cancer cells is
stimulated by inflammatory cytokines and growth factors
induced by surgical stress or postoperative complications [19,
20]. However, most reports have been from single-center, ret-
rospective studies [13—16]. To date, the impact of complica-
tions on long-term survival outcomes has not been confirmed
by data obtained from a prospective study with a large sample
size. In addition, the definition of postoperative complication
differs among studies; Tokunaga et al. [15] and Fujiya et al.
[13] defined a Clavien—Dindo (C-D) grade II or higher intra-
abdominal infectious complication as a practical criterion,
while Kubota et al. [14] adopted any > C-D grade II compli-
cation as the definition [13—15]. On the other hand, Sierzega
et al. [17] focused on anastomotic leakage, and they did not
take the grade into account.

The objective of this study was to investigate the impact
of postoperative complications on long-term survival out-
comes using data from the Japan Clinical Oncology Group
study 1001 JCOG1001), a multicenter randomized controlled
trial designed to confirm the superiority of bursectomy over
omentectomy alone (non-bursectomy) for patients with cT3-4
locally advanced gastric cancer [12]. In addition, the optimal
definition of complication for predicting long-term survival
outcomes was examined by exploratory analysis.

Patients and method
Patients

In JCOG1001, patients 20—80 years of age who had cT3(SS)-
cT4a(SE), as per the 14th edition of the Japanese Classifica-
tion of Gastric Carcinoma [21], histologically proven gas-
tric adenocarcinoma with an Eastern Cooperative Oncology
Group performance status of 0 or 1, a body mass index less
than 30 kg/m? and did not have distant metastasis or bulky
lymph nodes, were randomly assigned (1:1) during surgery
to receive either omentectomy alone (non-bursectomy) or
bursectomy [12]. In total, 1204 patients were enrolled from
June 2010 to March 2015 based on pre- and intra-operative
inclusion and exclusion criteria, and 602 patients were allo-
cated to each group. At the planned second interim analysis,
the JCOG Data and Safety Monitoring Committee indepen-
dently reviewed the results and recommended early publica-
tion on the basis of futility because overall survival (OS) was
lower in the bursectomy group than in the non-bursectomy
group. JCOG1001 was registered with UMIN-CTR, number
UMINO000003688.

Of the 1204 patients, ten patients were ineligible, two
patients did not have the allocated surgery, and one patient
did not receive gastrectomy, leaving the remaining 1191
patients for inclusion in the present analysis. The median fol-
low-up duration of 1191 patients was 3.6 months. All clini-
cal data were obtained from JCOG1001 case report forms.

Grading of postoperative complications

In this study, the severity of postoperative complications was
graded using the C-D classification [22, 23]

Because C-D grade I is regarded as clinically non-signifi-
cant, only C-D grade II or more serious events (>C-D grade
IT) were defined as complications in the present study. Those
with complications > C-D grade III were defined as having
severe complications. In addition, pancreatic fistula, anas-
tomotic leakage, and intra-abdominal abscess were defined
as intra-abdominal infectious complications.

Statistical analysis

Background data were compared between patients with and
without any > C-D grade II complication. Long-term sur-
vival outcomes were compared between patients with and
without complications. In addition, independent prognostic
factors were identified by multivariable analysis. These sur-
vival analyses were conducted according to four definitions
of postoperative complication (any > C-D grade II compli-
cation, any > C-D grade III complication, > C-D grade II
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intra-abdominal infectious complication, or > C-D Grade
III intra-abdominal infectious complication) to elucidate
the most suitable definition of complication for predicting
long-term survival outcomes.

Continuous variables are expressed as the median
(range). The exact test was used for comparisons of cat-
egorical variables and the Wilcoxon rank-sum test for
comparisons of continuous variables. The definitions of
OS and relapse-free survival (RFS) were identical to those
previously reported in JCOG1001.'° OS and RFS curves
were estimated using the Kaplan—-Meier method. OS and
RFS were compared using a log-rank test. The hazard
ratios (HRs) for OS and RFS were estimated by means
of the Cox regression model. Multivariable analyses for
OS and RFS were conducted using the Cox regression
model, in which age (<65/> 65 years), sex (male/female),
body mass index (< 25/> 25 kg/m?), Eastern Cooperative
Oncology Group performance status (0/1), histological
type (differentiated type/undifferentiated type), surgical
procedure (distal gastrectomy/total gastrectomy), omento-
bursectomy (performed/not performed), pT (T1-2/T3/T4),
pN (NO/N1/N2/N3), and postoperative complication (yes/

Table 1 Details of complications

no) were included as covariates. Multivariable analysis
was conducted four times, once with each definition of
complication. Two-sided P values were calculated, and
P values less than 0.05 were considered to be significant.
Statistical analyses were performed with SAS version 9.4.

Results

Details of postoperative complications are summarized in
Table 1. Among the 1191 patients included in the present
analysis, C-D grade I, II, IIla, IIIb, IVa and IVb com-
plications were observed in 134 (11.3%), 159 (13.3%),
79 (6.6%), 28 (2.4%), 4 (0.3%), and 4 patients (0.3%),
respectively. Intra-abdominal infectious complications
were observed in 251 patients (21.1%), with a C-D grade
of 1in 92 (7.7%), Il in 77 (6.5%), 11la in 64 (5.4%), I11b in
15 (1.3%), IVain 1 (0.1%), and IVb in 2 (0.2%).

Three patients died within 30 days of surgery, and the
causes of death were cerebral infarction on the 10th post-
operative day (POD), aspiration pneumonia on 25 POD,
and sepsis on 10 POD.

C-D grade Any grade Grade II-1V Grade III-IV
0 I I la 1IIb IVa IVb (%) (%) (%)
All complications 783 134 159 79 28 4 4 343 23 9.7
Intra-abdominal infectious 940 92 77 64 15 1 2 21.1 13.4 6.9
complications
Anastomotic leakage 1157 1 9 15 6 1 2 2.9 2.8 2
Pancreas-related infection 988 96 62 39 6 0 0 17 9 3.8
Intra-abdominal abscess 1116 0 27 38 8 1 1 6.3 6.3 4
Other complications 947 85 103 36 14 3 3 20.5 13.4 4.7
Postoperative bleeding 1171 8 4 5 3 0 0 1.7 1 0.7
Anastomotic stenosis 1183 0 3 5 0 - - 0.7 0.2 0
Cholecystitis 1183 1 4 2 1 0 0 0.7 0.6 0.3
Dumping syndrome 1181 8 2 - 0 - - 0.8 0.2 0
Delayed gastric emptying 1157 9 25 - 0 - - 29 2.1 0
Reflux esophagitis 1185 4 2 - 0 - - 0.5 0.2 0
Obstructive ileus 1176 1 5 2 7 0 0 1.3 1.2 0.8
Paralytic ileus 1162 5 18 5 1 0 0 2.4 2 0.5
Thromboembolism 1183 2 4 1 0 0 1 0.7 0.5 0.2
Pneumonia 1159 0 26 1 0 3 2 2.7 2.7 0.5
Pleural effusion 1127 41 4 17 1 0 1 54 1.9 1.6
Chylous ascites 1174 13 3 0 0 - - 1.3 0.3 0
Wound infection 1153 13 22 1 1 0 1 32 2.1 0.3
Wound dehiscence 1174 6 7 3 1 0 0 14 0.9 0.3

C-D indicates Clavien—-Dindo

Values are numbers of patients, unless indicated otherwise
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Comparisons between patients
with and without any = C-D grade Ill complications

Demographic data and clinical characteristics were com-
pared between patients with and without any > C-D grade
IIT complications (Table 2). There were significant dif-
ferences in sex, tumor location, type of gastrectomy,

performance of splenectomy, operation time, and blood
loss. The proportion of patients receiving adjuvant chem-
otherapy was also different between the two groups. In
detail, the proportion of patients receiving adjuvant
chemotherapy was 61.0% (478/783) in cases without any
complication, and was 65.7% (88/134), 66.0% (105/159),
53.3% (57/107), and 12.5% (1/8), in cases with C-D grade
L, I1, III, and IV complication, respectively.

Table 2 Clinicopathological

Grade 0-II (n=1076) Grade III-IV (n=115) P value

characteristics in patients with
and without any > Clavien—
Dindo grade II complication

Age, median (range), y
Sex
Male
Female
Tumor location
Upper third
Middle third
Lower third
Histological type
Differentiated type
Undifferentiated type
Type of gastrectomy
Total gastrectomy
Distal gastrectomy
Splenectomy
Yes
No
Lymph node dissection
Less than D2
D2 or more
Bursectomy
Bursectomy
Non-bursectomy
Operation time, median (range), min
Blood loss, median (range), mL
Blood transfusion
No
Yes
Pathological stage
I
II
11T
v
Residual tumor
RO
R1/2
Postoperative adjuvant chemotherapy
No
Yes

66 (29-80) 69 (29-73) 0.051
734 (68) 101

342(32) 14 <0.001
225 (21) 46 (40)

421 (39) 36 (31)

430 (40) 33 (29) <0.001
574 (53) 62 (54)

502 (47) 53 (46) 0.922
352 (33) 60 (52)

724 (67) 55 (48) <0.001
275 (26) 52 (45)

801 (74) 63 (55) <0.001
11 (1) 0(0)

1065 (99) 115 (100) 0.613
526 (49) 67 (58)

550 (51) 48 (42) 0.062
233 (80-630) 280 (102-473) <0.001
266 (0-3068) 415 (8-2140) <0.001
1029 (96) 107 (93)

47 4) 8(7) 0.237
141 (13) 14 (12)

392 (36) 31(27)

466 (43) 60 (52)

77 () 10 (9) 0.168
1001 (93) 104 (90) 0.360
75 (7) 11 (10) 0.340
405 (38) 57 (50)

671 (62) 58 (50) 0.036

Values are n (%), unless otherwise indicated
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0S and RFS

OS curves according to the four definitions of complication
are illustrated in Fig. 1a—d. OS was worse in patients with
complications irrespective of the definition: The univariate
HR was 1.471 (95% confidence interval [CI], 1.104-1.961;
P =0.008) for any > C-D grade II complication, 1.723 (95%
CI, 1.184-2.507; P=0.004) for any > C-D Grade III com-
plication, 1.455 (95% CI, 1.029-2.057; P=0.033) for > C-D
grade II intra-abdominal infectious complications, and 1.635
(95% CI, 1.042-2.564; P=0.031) for> C-D grade III intra-
abdominal infectious complications.

RFS curves are shown in Fig. 2a—d. RFS was worse in
patients with any > C-D grade II complication (HR, 1.300;
95% CI, 1.016-1.663; P=0.036) or any > C-D grade III
complication (HR, 1.450; 95% CI, 1.037-2.027; P=0.029),
but it was not significantly different between patients with
and without > C-D grade II intra-abdominal infectious com-
plications (HR, 1.275; 95% CI, 0.943-1.724; P=0.114)
or > C-D grade III intra-abdominal infectious complications
(HR, 1.383; 95% CI, 0.926-2.066; P=0.111).

Multivariable analysis
The results of multivariable analysis for OS are summa-
rized in Table 3. Multivariable analysis was conducted four

times, once with each definition of complication. Compli-
cation was identified as an independent prognostic factor,

Q Patients with and without any = C-D grade |l complication

1.0
09 sgrade |
? 09 M
§ 07
# 06 2 grade Il
§ 05 9
04
g 03 P =0.008
02
= 0.1
0.0 A " g
0 1 2 3 4 § 6 7
No. at risk Years after randomization
<grade! 917 891 767 60 398 192 -] 0
2gradell 274 258 229 1m”m 130 & 5 0

C Patients with and without 2 C-D grade |l intraabdominal infectious complication

1.0
g o9
§ 08
07
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§ 05
04 P =0.033
03
& 02
01
0.0
0 1 2 3 4 5 6 7
No. at risk Years after randomization
sgrade! 1032 999 865 638 a7 225 7 0
zgradell 159 150 131 b K] n 2 3 0

irrespective of the definition. When we adopted any > C-D
grade II complication as the definition, the HR was 1.422
(95% CI, 1.054-1.918; P=0.021), and was 1.719 (95% CI,
1.172-2.524; P=0.006) with any > C-D grade III com-
plication as the definition. Similarly, > C-D grade II intra-
abdominal infectious complications (HR, 1.494; 95% CI,
1.040-2.147; P=0.030) and > C-D grade III intra-abdominal
infectious complications (HR, 1.670; 95% CI, 1.055-2.643;
P =0.029) were also identified as independent prognostic
factors for OS.

On the other hand, only a> C-D grade III complication of
any type was found to be an independent prognostic factor
for RFS (HR, 1.445; 95% CI, 1.026-2.036; P =0.035), and
the other definitions, including any > C-D grade II compli-
cation (HR, 1.215; 95% CI, 0.941-1.569; P=0.134),>C-D
grade II intra-abdominal infectious complications (HR,
1.290; 95% CI, 0.940-1.769; P=0.115), and > C-D grade III
intra-abdominal infectious complications (HR, 1.447; 95%
CI, 0.961-2.181; P=0.077) were not identified as independ-
ent prognostic factors for RFS (Table 4).

Discussion
The present study clearly demonstrates that postoperative
complications are associated with poor OS, irrespective of

the type or grade of complication. In addition, any > C-D
grade III complication is associated with a poor RFS and

b Patients with and without any = C-D grade |1l complication

wl

Proportion surviving
COCO0O0OO0OO~
O=-NWHMEIOINPDO

2grade Il
P =0.004
0 1 2 3 4 5 6 7
No. at risk Years after randomization
sgradell 1076 1042 905 663 481 28 28 0
2 grade lll 115 107 a1 68 a7 16 2 0

d Patients with and without 2 C-D grade Il intraabdominal infectious complication
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E 08
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® 06
§ 05 2 grade Il
g 04
203 p=003
01
00
0 1 2 3 4 5 6 7
No. at risk Years after randomization
sgrade ll 1109 1072 932 688 498 47 29 0
=grade Il 82 77 64 <) 30 7 1 0

Fig. 1 Kaplan—Meier estimates for overall survival according to a any > Clavien—Dindo (C-D) grade II complication, b any >CD grade III com-
plication, ¢ > CD grade II intra-abdominal infectious complications, and d > CD grade III intra-abdominal infectious complications
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Fig.2 Kaplan—-Meier estimates for relapse-free survival according to a any > Clavien—Dindo (C-D) grade II complication, b any >CD grade III
complication, ¢ > CD grade II intra-abdominal infectious complications, and d > CD grade III intra-abdominal infectious complications

identified as an independent prognostic factor for RFS.
This is the first report in which the most suitable defini-
tion of complication, in terms of predicting both poor OS
and RFS, was demonstrated using the data obtained from
a prospective randomized clinical trial, and any > C-D
grade III complication seems to be the most suitable.

At the planned second interim analysis of JCOG1001
which was conducted after the completion of patient
accrual, the JCOG Data and Safety Monitoring Commit-
tee independently reviewed the results and recommended
early publication, because OS was slightly lower in the
bursectomy group than in the non-bursectomy group, and
the predictive probability of OS being significantly higher
in the bursectomy group than in the non-bursectomy group
at the final analysis was only 12.7%. One of the possible
reasons for the negative result in JCOG1001 is the slightly
higher incidence of any > C-D grade II complication in
the bursectomy group (54% vs. 46%), which could have
resulted in growth stimulation of residual cancer cells by
inflammatory cytokines and growth factors, induced by
surgical stress or postoperative complications. Previous
studies had shown that postoperative complications, such
as anastomotic leakage, pancreatic fistula, and abdomi-
nal abscess, have a negative effect on survival in patients
with gastric cancer [13—17]. The results of the present
study also support our speculation, and it is vital to avoid
postoperative complications, not only for better early

surgical outcomes, but also to improve long-term survival
outcomes.

Another objective of our study was to explore the most
suitable definition of postoperative complication, in terms
of predicting long-term survival outcomes. All the four
definitions adopted in the present study (any > CD grade
II, any > CD grade III, > CD grade II intra-abdominal
infectious, and > CD grade III intra-abdominal infec-
tious complications) were found to be associated with a
worse OS, with a slightly higher HR for any > CD grade
III complication. On the other hand, only any > CD grade
III complication was associated with poor RFS, and was
identified as an independent prognostic factor for RFS.
Considering this result, and the higher HR for > C-D
grade III than > C-D grade II, irrespective of the type
of complication, the grade of complication seems more
important than the type of complication in predicting long-
term survival outcomes. A possible reason for a higher
HR with > C-D grade III complications is that the more
severe the complication, the higher the levels of inflamma-
tory cytokines and growth factors, which could stimulate
the growth of residual cancer cells [19, 20]. Indeed, the
correlation between C-reactive protein (CRP) elevation,
a comprehensive indicator of inflammation, and survival
outcomes has been reported, implying that postoperative
inflammation, induced by complications, might be the key
factor for tumor progression and worsen survival outcomes
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Table 3 Resuts of multivariable analysis for overall survival with different definition of complications

Variables Any >C-D grade Il complica-  Hazard ratios [95% confidence intervals] >C-D grade III intra-
tion - - - ) - abdominal infectious
Any >C-D grade III complica- > C.—D grfide 1I mtra.—abc.loml— complications
tion nal infectious complications
Age
<65 1 1 1 1
>65 1.328 [1.012-1.743]* 1.345 [1.025-1.764]* 1.345 [1.025-1.764]* 1.341 [1.022-1.760]*
Sex
Male 1 1 1 1
Female 0.846 [0.620-1.155] 0.850 [0.622-1.161] 0.848 [0.621-1.159] 0.836 [0.613-1.141]

Body mass index
<25
>25

1
0.994 [0.717-1.377]

ECOG performance status

0
1
Histological type
Differentiated
Undifferentiated
Surgical procedure
Distal gastrectomy
Total gastrectomy
Omentobursectomy
Performed
Not performed

1
2.208 [1.263-3.858]*

1
1.206 [0.913-1.592]

1
1.044 [0.788-1.384]

1
0.913 [0.699-1.193]

1
1.014 [0.733-1.403]

1
2.213 [1.268-3.862]*

1
1.204 [0.911-1.591]

1
1.075 [0.814-1.420]

1
0.916 [0.701-1.197]

1
0.987[0.711-1.369]

1
2.143 [1.227-3.743]*

1
1.185 [0.896-1.566]

1
1.055 [0.796-1.398]

1
0.906 [0.694-1.183]

1
1.007 [0.728-1.394]

1
2.208 [1.264-3.857]*

1
1.205 [0.912-1.591]

1
1.096 [0.831-1.445]

1
0.913 [0.699-1.192]

pT

T1, T2 1 1 1 1

T3 1.396 [0.798-2.444] 1.364 [0.778-2.390] 1.390 [0.794-2.433] 1.365 [0.779-2.393]

T4 2.986 [1.730-5.154]* 2.900 [1.680-5.006]* 2.989 [1.732-5.159]* 2.908 [1.684-5.020]*
pN

NO 1 1 1 1

N1 1.559 [0.905-2.683] 1.609 [0.933-2.773] 1.557 [0.904-2.680] 1.600 [0.928-2.758]

N2 1.854 [1.131-3.040]* 1.860 [1.134-3.049]* 1.850 [1.128-3.034]* 1.866 [1.138-3.059]*

N3 4.673 [2.995-7.290]* 4.826 [3.090-7.536]* 4.712 [3.021-7.352]* 4.797 [3.072-7.490]*
Complication

No 1 1 1 1

Yes 1.422 [1.054-1.918]* 1.719 [1.171-2.524]* 1.494 [1.040-2.147]* 1.670 [1.055-2.643]*
*P<0.05

C-D indicates Clavien—Dindo, ECOG Eastern Cooperative Oncology Group

[24]. Nonetheless, when the incidence of complications
is included as an endpoint in future clinical trials evaluat-
ing the efficacy of surgical treatment, any > CD grade III
complication should be selected.

The result should be integrated into our daily practice,
and survival outcomes could be improved by reducing
the incidence of > CD III complication. It seems difficult
to decrease the incidence itself, considering that surgeons
already devote their best efforts toward reducing postop-
erative complications. However, we may be able to prevent
complications from becoming more severe by paying special

@ Springer

attention to the postoperative clinical course, and commenc-
ing medical treatment as early as possible.

In this study, the influence of differing types of complica-
tions on survival outcomes was evaluated by including four
different definitions of complication in four separate multi-
variable models. It is generally considered that>CD grade
IIT intra-abdominal infectious complications strongly affect
survival outcomes because they seem to cause more inflam-
mation in stimulating tumor cells than other complications.
However, in the present study, only any > CD grade III com-
plication was identified as an independent prognostic factor
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Table 4 Resuts of multivariable analysis for relapse-free survival with different definition of complications

Variables Any >C-D grade Il complica-  Hazard ratios [95% confidence intervals] >C-D grade III intra-
tion - - - ) - abdominal infectious
Any >C-D grade III complica- > C.—D grfide 1I mtra.—abc.loml— complications
tion nal infectious complications
Age
<65 1 1 1 1
>65 1.192 [0.953-1.492] 1.200 [0.959-1.501] 1.200 [0.959-1.501] 1.195 [0.955-1.496]
Sex
Male 1 1 1 1
Female 0.892 [0.692-1.151] 0.897 [0.695-1.157] 0.896 [0.694-1.156] 0.890 [0.691-1.148]

Body mass index
<25
>25

1
0.952 [0.724-1.252]

ECOG performance status

0
1
Histological type
Differentiated
Undifferentiated
Surgical procedure
Distal gastrectomy
Total gastrectomy
Omentobursectomy
Performed
Not performed

1
1.902 [1.183-3.057]*

1
1.101 [0.874-1.389]

1
1.134 [0.899-1.430]

1
0.873 [0.700-1.090]

1
0.951 [0.723-1.250]

1
1.903 [1.184-3.057]*

1
1.102 [0.874-1.390]

1
1.144 [0.910-1.438]

1
0.876 [0.702-1.093]

1
0.946 [0.718-1.245]

1
1.873 [1.165-3.011]*

1
1.091 [0.865-1.377]

1
1.131 [0.896-1.427]

1
0.869 [0.697-1.084]

1
1.422 [0.915-2.209]
2.520 [1.635-3.885]*

1

1.538 [0.975-2.428]
2.655 [1.782-3.955]*
5.118 [3.518-7.444]*

1
1.290 [0.940-1.769]

1
0.948 [0.720-1.247]

1
1.915[1.191-3.079]*

1
1.100 [0.873-1.388]

1
1.156 [0.920-1.452]

1
0.872 [0.699-1.088]

1
1.403 [0.902-2.181]
2.480 [1.609-3.824]*

1

1.561 [0.988-2.466]
2.672[1.793-3.981]*
5.176 [3.556-7.535]*

1
1.447 [0.961-2.181]

pT

T1, T2 1 1

T3 1.422[0.915-2.208] 1.404 [0.903-2.182]

T4 2.507 [1.626-3.864]* 2.480 [1.609-3.824]*
pN

NO 1 1

N1 1.537 [0.974-2.426] 1.565 [0.991-2.473]

N2 2.660 [1.786-3.963]* 2.664 [1.788-3.970]*

N3 5.082 [3.493-7.394]* 5.187 [3.563-7.550]*
Complication

No 1 1

Yes 1.215 [0.941-1.569] 1.445 [1.026-2.036]*
*P<0.05

C-D indicates Clavien—Dindo; ECOG, Eastern Cooperative Oncology Group

for both OS and RFS. The proportion of patients with grade
IIIb or higher complication was 22% (18/82) in>CD grade
III intraabdominal infectious complication, while it was
36% (20/56) in > CD grade III “non” intra-abdominal infec-
tious complication. This difference in distribution of grade
IIIb or higher might have resulted in the stronger impact of
any > CD grade III complication on survival outcomes.
There were differences in clinicopathological character-
istics between patients with and without any > C-D grade III
complication. Among them, surgical procedure and intra-
operative findings were significantly different between the

groups, implying that total gastrectomy, usually performed
for upper-third gastric cancer, is associated with a longer
operation time, higher blood loss, and a higher incidence of
postoperative complication. Surgical procedure, tumor loca-
tion, intra-operative blood loss, and operation time seem to
be intermediate factors, and thus we included only the type
of gastrectomy as a covariate for the multivariable analysis.

Adjuvant chemotherapy with S-1, which is a standard
treatment for pStage II/III gastric cancer in Japan and
was integrated as a protocol treatment in JCOG1001 [6,
25, 26], was commenced less frequently in patients with
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any > C-D grade III complication (58/115) than those with
grade II complication (105/159) or grade 0/I complication
(566/917). This result would be expected, since patients
with > C-D grade III complication require longer hos-
pital stays, and their deteriorated physical status would
make commencement of adjuvant chemotherapy difficult.
Neoadjuvant chemotherapy, which is not affected by post-
operative clinical course including complication, seems
a plausible option in addressing the non-negligible inci-
dence (10%) of > C-D grade III complication.

Not only postoperative complication but also other
factors would affect postoperative immune function. For
example, Minimally-invasive surgeries, such as lapa-
roscopic and robotic gastrectomy, have less impact on
immune function than open surgery, and therefore patients
suffering postoperative complications would be affected
differently compared to those undergoing open gastrec-
tomy [27-29]. It is unclear if postoperative complication
following minimally invasive surgeries has less or more
impact on long-term survival outcomes, and this issue
needs to be clarified in the future. Splenectomy also affects
postoperative immune function. Watanabe et al. reported
that the negative effect of postoperative complication on
survival was canceled in patients undergoing splenectomy
[30]. Perioperative transfusion, which causes dysfunction
of the immune system and malignant transformation of
neoplastic cells, is reportedly associated with worse sur-
vival outcomes following gastrectomy [31], but this nega-
tive impact was also canceled by splenectomy [32,33].
Various factors which affect the immune system are likely
to have an impact on survival outcomes, and these should
be comprehensively taken into account.

The present study has several limitations. First, it is still
unclear whether complications themselves cause worse sur-
vival outcomes, or if they tend to develop in patients with
intrinsic characteristics making them more likely to have
worse survival outcomes. Nevertheless, surgeons need to
be mindful of the fact that postoperative complications are
associated with both early and long-term negative surgi-
cal outcomes. Second, the observation period of patients is
relatively short in the present study because the results of
JCOGI1001 were released at the interim analysis, and thus
these results will need to be confirmed using matured sur-
vival outcome data in the future.

In conclusion, the present study is the first to clearly dem-
onstrate the adverse effects of postoperative complications
on long-term survival outcomes using data from a prospec-
tive clinical trial, and shows that any > C-D grade III compli-
cation seems to be the most suitable definition of complica-
tion for predicting negative long-term survival outcomes.
Although it may be impossible to avoid complications com-
pletely, surgeons should try to prevent complications from
developing to > C-D grade III. Neoadjuvant chemotherapy

@ Springer

could be a promising treatment option because it is not
affected by postoperative complication.
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