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Abstract
Purpose Postoperative infectious complications have a negative impact on survival outcomes in patients with gastric cancer. It is
recently reported that preoperative chemotherapy may eliminate this negative impact. This study aimed to confirm whether
preoperative chemotherapy can eliminate the negative impact of postoperative infectious complications (IC) on survival out-
comes and elucidate the association between postoperative infectious complications and recurrence patterns.
Methods We retrospectively reviewed data of 86 patients who received preoperative chemotherapywith docetaxel, cisplatin, and
S-1 followed by R0 gastrectomy at the Kitasato University between 2006 and 2016. Patients who developed grade II or higher
infectious complications during hospitalization were grouped into the IC group, while others were grouped into the non-IC (NIC)
group. Survival outcomes and recurrence patterns were analyzed between the two groups.
Results Infectious complications with Clavien-Dindo classification of grade II or higher were found in 12 patients (14.0%, IC
group). The median observational period was 61 months. Overall survival and progression-free survival were similar in the IC
and NIC groups. Recurrence occurred in 39 patients. The proportions of peritoneal and lymph node recurrences were not
significantly different between the two groups. However, the proportion of distant metastasis in the IC group was significantly
higher than that in NIC group (3/4 [75%] vs. 9/35 [17%], p = 0.04).
Conclusions Pathological stage after neoadjuvant therapy plays a stronger role in recurrence than postoperative complications.
Lymph node and peritoneal metastasis may be suppressed by preoperative chemotherapy.
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Introduction

Gastric cancer is the fifth most common cancer and the third
leading cause of cancer-related deaths worldwide [1]. Surgical
resection remains the primary treatment for resectable gastric
cancer.

The negative impact of postoperative infectious complica-
tions (ICs) on survival outcomes is reported in patients with
gastric cancer [2, 3], colorectal cancer [4, 5], and esophageal
cancer [6, 7].

In Japan, based on the results of clinical trials [8, 9], surgi-
cal resection and postoperative chemotherapy are regarded as
the standard treatment for pStage II/III gastric cancers.
However, perioperative chemotherapy using fluorouracil plus
leucovorin, oxaliplatin, and docetaxel (FLOT) demonstrated
better survival rates than other chemotherapy regimens [10],
and became the standard treatment for resectable advanced
gastric cancer in Western countries. The Japan Clinical
Oncology Group (JCOG) is currently conducting phase III
trial to demonstrate the effect of perioperative chemotherapy
against current standard treatment for postoperative chemo-
therapy (JCOG1509) [11].

Two retrospective studies have demonstrated that treatment
with preoperative chemotherapy eliminates the negative
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impact of postoperative ICs on the survival outcomes in pa-
tients with gastric cancer [12, 13]. However, recurrence pat-
terns have not been analyzed in association with postoperative
ICs after preoperative chemotherapy.

Therefore, we aimed to confirm the elimination effect of
preoperative chemotherapy on the negative impact of postop-
erative ICs, and to clarify the association between postopera-
tive ICs and recurrence pattern in patients with gastric cancer
who underwent preoperative chemotherapy followed by sur-
gical resection.

Methods

A total of 103 patients received preoperative chemother-
apy plus gastrectomy between October 2006 and April
2016 at the Kitasato University. Of these, 86 who
underwent R0 surgical resection were enrolled in this
study. Of the 86 patients, 54 received preoperative che-
motherapy as neoadjuvant chemotherapy (NAC). The
reasons for administering NAC were as follows: type
4 or large type 3 (n = 32), bulky N (one lymph node
larger than 3 cm or two lymph nodes larger than 1.5 cm
along the celiac, splenic, common, or proper hepatic
arteries; n = 12), esophageal invasion (n = 5), duodenal
invasion (n = 2), and cT3/4 and cN+ (n = 3). NAC for
type 4 or large type 3 or bulky N was administered as
part of a clinical trial [14, 15]. The other patients re-
ceived NAC as a practical treatment after providing
written informed consent. Of the 86 patients, 32 initially
had unresectable advanced gastric cancer that trans-
formed to resectable cancer after administering chemo-
therapy. The reasons for unresectable cancer were as
follows: paraaortic lymph node metastasis (n = 12),
extra-regional lymph node metastasis (n = 3), peritoneal
dissemination (n = 6), peritoneal lavage cytology posi-
tive (n = 4), liver metastasis (n = 4), and pancreatic
head invasion (n = 3) (Fig. 1).

This study was conducted in accordance with the
Declaration of Helsinki and was approved by the Research
Ethics Committee of the Kitasato University School of
Medicine, Japan. All study participants provided written in-
formed consent for personal and medical data collection prior
to enrollment in the study.

Chemotherapy and surgery

All the included patients received a DCS (docetaxel/cis-
platin/S-1) regimen as preoperative chemotherapy. In the
DCS regimen, docetaxel (40 mg/m2) and cisplatin (60
mg/m2) were administered on day 1, while S-1 (40 mg/
m2) was administered orally twice daily for 2 weeks,
followed by a 2-week rest [16]. In the NAC setting,

four cycles of DCS were administered in the patients;
while in the conversion setting, a maximum of six cy-
cles of DCS were administered in the patients. Patients
without disease progression were then administered a
combination of docetaxel and S-1. The decision to per-
form resection was made by experienced medical oncol-
ogists, radiologists, and surgeons at a multidisciplinary
meeting [17].

In terms of surgical resection, distal gastrectomy or
total gastrectomy with D2 lymphadenectomy was per-
formed for R0 resection. When the tumor invaded adja-
cent organs, concomitant resection was performed to
achieve R0 resection. Paraaortic node dissection was
performed in patients with visible paraaortic nodes in
computed tomography (CT) images after preoperative
chemotherapy, while it was not performed in those
without visible paraaortic nodes after preoperative che-
motherapy. Splenectomy was performed with D2 dissec-
tion to achieve R0 resection, if necessary.

The pathological response was graded according to the
Japanese classification of gastric carcinoma, third English edi-
tion [18], as follows: grade 1a, viable tumor cells occupy >
two-thirds of the tumor area; grade 1b, > one-third but < two-
thirds; grade 2, < one-third; grade 3, no viable tumor cells. In
this study, the pathological response was defined as grade 1b
to grade 3.

Postoperative adjuvant chemotherapy with S-1 was admin-
istered according to response to preoperative chemotherapy
and postoperative performance status.

Postoperative complications

Postoperative complications were defined according to
the Clavien–Dindo classification [19, 20]. Patients who
developed grade II or higher ICs during hospitalization
were grouped into the IC group; rest others were
grouped into the NIC group. Those who developed
grade III or higher ICs during hospitalization were
grouped into the IC (III) group; rest others were
grouped into the NIC (III) group. The ICs were defined
as pancreatic fistula, anastomotic leakage, duodenal
stump leakage, abdominal abscess, and pneumonia.

Statistics

Progression-free survival (PFS) was measured from the date
of chemotherapy initiation in patients who received preoper-
ative chemotherapy to the first date of disease progression and
was censored on the last follow-up for a progression-free sur-
viving patient. The causes of deaths were confirmed from
hospital medical records. Patients who died from causes other
than gastric cancer were regarded as censored at the time of
death.
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Student’s t test was used to analyze continuous variables,
and the chi-square test or Fisher’s exact test was used to ana-
lyze categorical variables. Patient survival was calculated
using the Kaplan–Meier method. Univariate analyses of prog-
nostic factors for overall survival (OS) and PFS were per-
formed using log-rank tests. Factors with p < 0.05 in univar-
iate analyses were subjected to multivariate analysis using the
Cox proportional-hazards model to identify independent prog-
nostic factors. All calculations were performed using JMP Pro
Version 14.0 (SAS Institute Inc., Cary, NC, USA). p < 0.05
was considered statistically significant.

Results

Patient demographics

Eighty-six patients were included in the current study. ICs
with Clavien-Dindo grade II or higher were found in 12 pa-
tients (14.0%, IC group). Table 1 shows the patient demo-
g r a ph i c s . Ag e , g e nd e r , Ame r i c a n So c i e t y o f
Anesthesiologists (ASA) status, rate of bulky N/no.16 lymph
node (LN) metastasis, rate of macroscopic large type 3/type 4,
number of DCS cycles, and cStage were not significantly
different between the IC and NIC groups. A middle location
was more frequent in the IC than in NIC group (7/12 [58.3%]
vs. 20/74 [27.0%]), while a lower location was more frequent
in the NIC than in IC group (19/74 [25.7%] vs. 0/12 [0%]).

Table 2 shows comparison of intra- and postoperative
factors between the IC and NIC groups. Operative time
and estimated blood loss were not significantly different
between the IC and NIC groups. Proximal gastrectomy
plus lower esophagectomy with gastric tube reconstruc-
tion was performed in one patient with esophageal in-
vasion of 5 cm. Pancreaticoduodenectomy was per-
formed in one patient with metastatic lymph nodes in-
vading the head of the pancreas. Splenectomy was not
associated with ICs in this cohort. The highest postop-
erative C-reactive protein (CRP) level in the IC group
was significantly higher than that in NIC group (18.7 ±
8.9 mg/dL vs. 9.6 ± 4.4 mg/dL, p < 0.001).

Postoperative complications

Table 3 shows the details of postoperative complica-
tions. Details of postoperative ICs were as follows: pan-
creatic fistula (n = 7), abdominal abscess (n = 1), duo-
denal stump fistula (n = 2), and pneumonia (n = 2). No
postoperative mortality was recorded during the study
period.

Survival analysis

The median observational period was 61 months. OS
was better in the IC group than in NIC group, with 5-
year OS rates of 91.7% and 53.2%, respectively;

Fig. 1 Flow chart for patient
selection
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however, this difference was statistically insignificant (p
= 0.17) (Fig. 2a). When we set the cutoff for IC as

Clavien–Dindo grade III, OS was also better in the IC
(III) group than in NIC (III) group, with 5-year OS

Table 1 Patient demographics

All patients (n = 86) IC group n = 12 (14.0%) NIC group n = 74 (86.0%) p value

Age (mean ± SD) 61.4 ± 10.6 66.3 ± 8.6 60.7 ± 10.7 0.060

Gender 0.09

Male 61 (70.9%) 11 (91.7%) 50 (67.6%)

Female 25 (29.1%) 1 (8.3%) 24 (32.4%)

ASA 0.55

1 20 (23.2%) 2 (16.7%) 18 (24.3%)

2 63 (73.3%) 9 (75.0%) 54 (72.9%)

3 3 (3.5%) 1 (8.3%) 2 (2.8%)

Tumor location 0.041

Upper 40 (46.5%) 5 (41.7%) 35 (47.3%)

Middle 27 (31.4%) 7 (58.3%) 20 (27.0%)

Lower 19 (22.1%) 0 19 (25.7%)

Bulky N/no.16 LN metastasis 24 (27.9%) 2 (16.7%) 22 (29.7%) 0.35

Macroscopic large type3/type4 37 (43.0%) 6 (50.0%) 31 (41.9%) 0.35

Macroscopic type4 20 (23.2%) 1 (8.3%) 19 (25.7%) 0.19

DCS cycles 4 (1–6) 4 (2–6) 4 (1–6) 0.90

cStage 0.77

II 25 (29.1%) 3 (25.0%) 22 (29.7%)

III 28 (32.5%) 5 (41.7%) 23 (31.1%)

IV 33 (38.4%) 4 (33.3%) 29 (39.2%)

cStage is based on the third English edition of Japanese classification of gastric carcinoma

DCS docetaxel, cisplatin, and S-1

Table 2 Comparison of intra- and postoperative factors between the IC group and the NIC group

All patients (n = 86) IC group n = 12 (14.0%) NIC group n = 74 (86.0%) p value

Operative time (min) (mean ± SD) 341.2 ± 89.9 355.9 ± 73.8 338.8 ± 92.5 0.54

Estimated blood loss (ml) (mean ± SD) 800.0 ± 587.1 1002.5 ± 531.1 767.1 ± 592.4 0.20

Surgical procedure 0.07

Proximal gastrectomy 1 (1.1%) 1 (8.3%) 0

Distal gastrectomy 22 (25.6%) 4 (33.3%) 18 (24.3%)

Total gastrectomy 62 (72.1%) 7 (58.4%) 55 (74.4%)

Pancreatoduodenectomy 1 (1.1%) 0 1 (1.3%)

Splenectomy 0.56

Yes 10 (11.6%) 2 (16.7%) 8 (10.8%)

No 76 (88.4%) 10 (83.3%) 66 (89.2%)

Postoperative highest CRP level (mg/dL) 10.9 ± 6.1 18.7 ± 8.9 9.6 ± 4.4 <0.001

Adjuvant chemotherapy 0.17

Absent 11 (12.8%) 3 (25.0%) 8 (10.8%)

Present 75 (87.2%) 9 (75.0%) 66 (89.2%)

Histological response 0.87

Grade 1a 34 (39.5%) 5 (41.7%) 29 (39.2%)

≥ Grade 1b 52 (60.5%) 7 (58.3%) 45 (60.8%)
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rates of 86% and 57%, respectively; but, this difference
was also sta t i s t ica l ly insigni f icant (p = 0.43)
(Supplementary Fig. 1a). In the univariate analysis,
ypT and ypN showed p < 0.05. Grade II or higher
inflammatory complications were not selected as poten-
tial prognostic factors for OS. Multivariate Cox analysis
showed that ypT3/4 (hazard ratio [HR] 3.49, 95% con-
fidence interval [CI] 1.31–12.11, p = 0.010) and
ypN1/2/3 (HR 2.97, 95% CI 1.33–7.58, p = 0.007) were
significant independent risk factors for OS (Table 4).

PFS was better in the IC group than in NIC group
with a 5-year PFS rate of 75.0% and 49.3%, respective-
ly; however, this difference was statistically insignificant
(p = 0.26) (Fig. 2b). When we set the cutoff for IC as
Clavien–Dindo grade III, PFS was also better in the IC
(III) group than in NIC (III) group with 5-year PFS
rates of 71% and 52%, respectively; but, this difference
was statistically insignificant (p = 0.29) (Supplementary
Fig. 1b). In the univariate analysis, gender, tumor loca-
tion, ypT, and ypN showed p < 0.05. Grade II or higher
inflammatory complications were not selected as poten-
tial prognostic factors for PFS. Multivariate Cox analy-
sis showed that upper tumor location (HR 2.24, 95% CI
1.17–4.39, p = 0.015), ypT3/4 (HR 3.39, 95% CI 1.27–
11.78, p = 0.012), and ypN1/2/3 (HR 2.36, 95% CI
1.12–5.49, p = 0.023) were significant independent risk
factors for PFS (Table 5).

Recurrence pattern

Cancer recurrence was found in 39 patients (35 in the
NIC group and 4 in the IC group). When we set the
cutoff value for IC as Clavien–Dindo grade III, cancer

recurrence was found in 37 and two patients in the NIC
(III) and IC (III) group, respectively. The recurrence
patterns are listed in Table 6 and Supplementary
Table 1. The peritoneum was the most frequent site
for recurrence. The proportions of each recurrent site
were compared between the IC and NIC groups, and
between the IC (III) and NIC (III) groups. The propor-
tions of peritoneal and lymph node recurrence were not
significantly different between these groups (Fig. 3a, b;
Supplementary Fig. 2a, 2b). However, the proportion of
distant metastasis in the IC group was significantly
higher than that in NIC group (3/4 [75%] vs. 9/35
[26%], p = 0.04) (Fig. 3c); and it was also higher in
the IC (III) group than in NIC (III) group (2/2 [100%]
vs. 10/37 [27%], p = 0.089), but without statistical sig-
nificance (Supplementary Fig. 2c).

Discussion

The current study did not demonstrate that postoperative
IC had a negative impact on OS and PFS in patients
with gastric cancer who underwent DCS chemotherapy
followed by surgical resection. However, we demon-
strated that the upper location is an independent poor
prognostic factor for PFS. Additionally, the proportion
of distant metastasis was significantly higher in the IC
group than in NIC group.

First, postoperative IC had no negative impact on the
OS and PFS in patients with gastric cancer who
underwent preoperative DCS chemotherapy followed
by surgical resection. This finding is consistent with
that in previous reports [12, 13]. Inflammatory re-
sponses to severe postoperative complications are asso-
ciated with host immunosuppression [21, 22]. Thus, due
to immunosuppression caused by ICs, residual tumor
cells may become clinically evident to be diagnosed as
cancer recurrence. Preoperative chemotherapy has the
potential to eradicate micrometastatic cancer cells.
Additionally, according to Zingoni et al., many
chemotherapy-induced stress pathways modulate the ex-
pression of NK cell-activating and inhibitory ligands,
and increase the immunogenicity of tumor cells [23].
These mechanisms may be involved in the prophylactic
effects of preoperative chemotherapy even in cases with
postoperative ICs.

OS and PFS were better in the IC group than in NIC
group. However, these differences in survival failed to
reach statistical significance due to low patient numbers.
This difference may be attributed to the difference in
the incidence of type 4 cancer. We previously reported
that administration of neoadjuvant chemotherapy with
DCS for type 4 gastric cancer is not as effective as that

Table 3 Postoperative complications

Total n (%) CD grade

II IIIa IIIb

Pancreatic fistulaa 7 (32) 2 5 0

Abdominal abscessa 1 (5) 1 0 0

Duodenal stump fistulaa 2 (9) 0 2 0

Pneumoniaa 2 (9) 2 0 0

Bleeding 1 (5) 0 0 1

Lymph fistula 4 (16) 3 1 0

Delayed gastric emptying 1 (5) 0 1 0

Intestinal obstruction 2 (9) 0 0 2

Diarrhea 1 (5) 0 1 0

Diaphragmatic hernia 1 (5) 0 0 1

a Infectious complication (IC)

CD Clavien-Dindo classification
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Table 4 Univariate and mulivariate prognostic analysis for OS

Factors n (%) Univariate Multivariate

5-year OS p value HR 95% CI p value

Age 0.81

< 65 50 (58) 58%

≥ 65 36 (42) 63%

Gender 0.073

Male 61 (71) 67%

Female 25 (29) 40%

ASA 0.81

1 20 (23) 60%

2/3 66 (77) 59%

Body mass index 0.16

< 25 kg/m2 71 (83) 60%

≥ 25 kg/m2 15 (17) 53%

Tumor location 0.34

Upper 40 (47) 51%

Middle/lower 46 (53) 66%

ypT 0.001 0.010

T0/1/2 25 (29) 88% 1

T3/4 61 (71) 45% 3.49 1.31–12.11

ypN < 0.001 0.007

N0 38 (44) 84% 1

N1/2/3 48 (56) 40% 2.97 1.33–7.58

Histological response 0.47

< Grade 1a 34 (39) 58%

≥ Grade 1b/2/3 52 (61) 60%

Operation time 0.38

< 341 min 52 (60) 52%

≥ 341 min 34 (40) 71%

Estimated blood loss 0.16

< 800 mL 49 (57) 52%

≥ 800 mL 37 (43) 69%

Complications grade II or higher 0.58

Absent 64 (74) 55%

Present 22 (26) 72%

ICs grade II or higher 0.17

Absent 74 (86) 53%

Present 12 (14) 92%

ICs grade III or higher 0.43

Absent 79 (92) 57%

Present 7 (8) 86%

Adjuvant chemotherapy 0.74

Absent 11 (13) 72%

Present 75 (87) 57%

Postoperative highest CRP level 0.055

< 10.9 mg/dL 57 (66) 51%

≥ 10.9 mg/dL 29 (44) 73%

OS overall survival, ICs inflammatory complications

ypT, ypN, and histological response are based on the third English edition of Japanese classification of gastric carcinoma
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for other types of gastric cancer [15]. The proportion of
macroscopic type 4 was higher in the NIC group than
in IC group. This may be one of the reasons for the
better OS and PFS in the IC group than in NIC group.

Second, the upper location of the tumor was selected
as one of the independent poor prognostic factors for
PFS. The upper third gastric cancer is reported to have
worse prognosis than that in middle or lower third gas-
tric cancer [24, 25]. The current study also demonstrat-
ed worst prognosis in patients with gastric cancer in the
upper third location independent of the status of the
well-known prognostic factors—pT and pN. Wang
et al. speculated that as the cardia and fundus are in-
completely covered by the visceral peritoneum, the up-
per third gastric cancer may increasingly tend to infil-
trate the serosa and show peritoneal metastasis than dis-
tal gastric cancer [25]. The exact reason for this remains
unclear, but cases with the upper third gastric cancer
should be carefully followed even after preoperative
chemotherapy.

Third, the proportion of distant metastasis was signif-
icantly higher in the IC group than in NIC group, indi-
cating that preoperative chemotherapy cannot completely
suppress formation of micrometastases. This raises a
question: What if preoperative chemotherapy destroyed
most of the micrometastases in the lymph nodes and
peritoneum, but less frequently distant micrometastatic
c e l l s ? Wh e n c omp l i c a t i o n s o c c u r , d i s t a n t
micrometastatic cells can proliferate, and lead to recur-
rence of distant metastases. When no complications oc-
cur, distant micrometastatic cancer cells that survive af-
ter preoperative chemotherapy may become more immu-
nogenic, and thus, can finally be destroyed by the host

immune system. This may explain why the proportion
of distant metastasis was significantly higher in the IC
group than in NIC group. Moreover, the ACTS-GC trial
demonstrated that adjuvant chemotherapy with S-1 sig-
nificantly suppressed recurrence in the lymph nodes and
peritoneum, but not the hematogenous recurrence [9].
The detailed mechanism is unknown, but eliminating
the negative impact of postoperative complications may
act more strongly on lymph node and peritoneal
metastases.

The cutoff for IC using Clavien–Dindo grade II or
higher does not seem to really make sense, as the grade
II may include clinically irrelevant complications. Due
to the small sample size, ICs with Grade III or higher
occurred only in 7 out of the 86 patients. The same
analysis was performed with Grade III as the cutoff,
but the survival curves were similar. The recurrence
pattern in which only the distal metastasis was not sup-
pressed in the IC group was also similar, except that no
statistically significant difference was observed when
cutoff for IC was set to grade III. However, there were
only two recurrences in the group with grade III or
higher complications, and the use of a cutoff for IC
using Clavien–Dindo grade III or higher showed no im-
provement in the statistical analysis. Additionally, small
infections such as urinary tract infections were not in-
cluded in the ICs. Moreover, in a previous study [13],
complications of grade II or higher were defined as
cutoff values. Therefore, it is considered relevant to
set a cutoff value for IC to be Clavien–Dindo grade II.

The rate of pancreatic fistula of 8.1% was relatively
higher than that of other complications in the current
study. Of the 7 patients who developed pancreatic
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Table 5 Univariate and mulivariate prognostic analysis for PFS

Factors n (%) Univariate Multivariate

5-year PFS p value HR 95% CI p value

Age 0.27

< 65 50 (58) 48%

≥ 65 36 (42) 62%

Gender 0.016 0.064

Male 61 (71) 62% 1

Female 25 (29) 30% 1.90 0.96–3.66

ASA 0.83

1 20 (23) 59%

2/3 66 (77) 51%

Body mass index 0.16

< 25 kg/m2 71 (83) 60%

≥ 25 kg/m2 15 (17) 53%

Tumor location 0.042 0.015

Upper 40 (47) 43% 2.24 1.17–4.39

Middle/lower 46 (53) 61% 1

ypT < 0.001 0.012

T0/1/2 25 (29) 84% 1

T3/4 61 (71) 39% 3.39 1.27–11.78

ypN < 0.001 0.023

N0 38 (44) 75% 1

N1/2/3 48 (56) 36% 2.36 1.12–5.49

Histological response 0.097

< Grade 1a 34 (39) 41%

≥ Grade 1b/2/3 52 (61) 61%

Operation time 0.88

< 341 min 52 (60) 53%

≥ 341 min 34 (40) 53%

Estimated blood loss 0.53

< 800 mL 49 (57) 48%

≥ 800 mL 37 (43) 58%

Complications grade II or higher 0.43

Absent 64 (74) 50%

Present 22 (26) 63%

ICs grade II or higher 0.26

Absent 74 (86) 49%

Present 12 (14) 75%

ICs grade III or higher 0.26

Absent 74 (86) 49%

Present 12 (14) 75%

Adjuvant chemotherapy 0.23

Absent 11 (13) 72%

Present 75 (87) 51%

Postoperative highest CRP level 0.58

< 10.9 mg/dL 57 (66) 51%

≥ 10.9 mg/dL 29 (44) 57%

PFS progression-free survival, ICs inflammatory complications

ypT, ypN, and histological response are based on the third English edition of Japanese classification of gastric carcinoma
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fistula, three underwent splenectomy. Pancreatic fistula
was significantly more common in splenectomy than in
spleen preservation in a randomized controlled trial
[26]. Additionally, one patient in the present study had
pancreatic head invasion of the tumor, and one had
bulky N2 lymph node (one larger than 3 cm or two
larger than 1.5 cm along the celiac, splenic, common
hepatic, or proper hepatic arteries) that was difficult to
dissect without injuring the pancreas. This may be the
reason for the relatively high rate of pancreatic fistulas
in the current study. Moreover, the rate of pancreatic
fistula in the previous NAC studies was reported to be
7.7–14.3% [27–29]. In contrast, the rate of pancreatic
fistula in the current study was not very high.

We analyzed the impact of IC on survival and recurrence
patterns in 146 patients with cStage II or III gastric cancer
without preoperative chemotherapy. However, the negative
impact of ICs widely known to be certain was not detected
for OS and PFS in these patients. The rate of distant metasta-
ses, on the other hand, showed no significant difference be-
tween the IC and NIC groups (data not shown). Thus, all we

can say is that pathological stage after neoadjuvant therapy
plays a stronger role in recurrence than postoperative
complications.

There are some limitations to this study. First, it was con-
ducted through a retrospective analysis at a single institution,
and thus, may have several biases. Moreover, the number of
included patients was relatively small. When inflammatory
responses are associated with host immunosuppression, there
should be some differences in the postoperative highest CRP
levels between patients with recurrence and those without
recurrence in the IC group. However, no difference was found
between the two groups (data not shown), possibly due to the
small number of included patients. Additionally, the small
sample size is the biggest weakness of this study. However,
the sample sizes in previous studies [12, 13] were 115 and
101, and thus, were inadequate. Thus, a prospective, multi-
institutional study with an adequate number of patients is re-
quired to validate the study findings. Second, due to a long
study period, the treatment strategy including the extent of
lymph node dissection and decision to perform splenectomy
was inconsistent throughout the study period.

Table 6 Comparison of
recurrence pattern between the IC
group and NIC group

IC group (n = 4) NIC group (n = 35) Total (n = 39)

Lymph node metastasis 0 8 8

Peritoneal dissemination 1 20 21

Distant metastasis 3 9 12

Liver 0 6 6

Lung 2 0 2

Liver + lung 0 1 1

Bone 0 2 2

Appendix 1 0 1

Fig. 3 Comparison of the proportion of metastasis at each site between
the IC and NIC groups. IC group includes patients with grade II or higher
infectious complications, while NIC group includes those without grade

II or higher infectious complications.PER peritoneal dissemination, LNM
lymph-node metastasis, DM distant metastasis
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In conclusion, pathological stage after neoadjuvant therapy
plays a stronger role in recurrence than postoperative compli-
cations. Lymph node and peritoneal metastasis may be sup-
pressed by preoperative chemotherapy.
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