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Abstract
Background Postoperative infectious complications (ICs) are associated with a poor prognosis following gastric cancer 
surgery. Neoadjuvant chemotherapy (NAC) targeting scirrhous-type or bulky nodal disease reportedly exerts a prophylactic 
effect on the negative impact of ICs. However, a recent study clearly showed that NAC for scirrhous-type disease had no sur-
vival benefit. We investigated this prophylactic effect and significant interactions among subgroups of histological response, 
macroscopic type, and bulky nodal disease.
Methods We examined 115 patients who received NAC followed by radical gastrectomy between January 2008 and Decem-
ber 2015. The overall survival (OS) and disease-free survival (DFS) were compared between those with and without ICs. Our 
cohort included 62 with type 4/giant type 3, 44 with bulky nodal disease/para-aortic nodal disease, and 25 with other diseases.
Results A histological response was observed in 80 patients (69.5%). Thirty three (28.7%) developed ICs. There was no 
significant difference in the OS [hazard ratio (HR) 0.96; 95% confidence interval (CI) 0.47–1.99, p = 0.920] or DFS (HR 
0.74; 95% CI 0.40–1.38, p = 0.342) by the presence of ICs. The HR was 1.00 in patients who had no response to NAC (grade 
0/1a) and 0.95 in those who responded to NAC (grade 1b/2/3). No subgroups showed significant interactions for the OS.
Conclusions NAC may cancel out the negative impact of morbidity on the survival in advanced gastric cancer patients. The 
prophylactic effects by NAC do not depend on the tumor type or histological response.
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Introduction

Gastric cancer (GC) is the world’s fourth-most common 
neoplasm and the second leading cause of cancer death [1]. 
Macroscopically complete tumor removal is essential for the 
cure of GC, and gastrectomy with lymph node dissection 
is the most powerful treatment. However, the prognosis of 
patients with advanced GC remains poor. Recurrence can 
occur at the peritoneum, liver or distant organs even after 
curative surgery, suggesting that distant micrometastases 
were already present [2, 3].

Recent studies have shown that postoperative infectious 
complications (ICs) are associated with a poor prognosis in 
various types of malignancies, including GC [4–9]. Several 

investigators have suggested that ICs trigger the release of 
systemic cytokines during inflammatory response, leaving 
the growth of the residual cancer cells existing outside of 
the surgical field [10–12]. Surgeons’ efforts to reduce ICs 
are essential for improving the survival; however, ICs are 
unavoidable.

Another approach might be neoadjuvant chemotherapy 
(NAC) before surgery [13–17]. NAC has the potential to 
eradicate distant micrometastasis, which might cancel out 
the negative prognostic impact of ICs. Recently, Eto et al. 
reported that there was no marked difference in the survival 
between patients with complications and those without com-
plications in 101 patients who received NAC [18]. Although 
their report was the first to show a potential prophylactic 
effect of NAC, their study was limited to special types, such 
as type 4, giant type 3, and bulky nodal disease including 
para-aortic nodal metastases. Furthermore, the median fol-
low-up period of 33.7 months was relatively short for obtain-
ing definitive conclusions. Very recently, the JCOG0501 
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phase III study comparing NAC followed by surgery with 
S-1 and surgery with S-1 could not show superiority of 
NAC, suggesting that NAC has no effect for eradicating 
micrometastasis in type 4 or giant type 3 tumors [19]. With-
out the elimination of micrometastasis by NAC, attractive 
story of prophylactic effect by NAC might be doubtful.

Given these previous efforts, we conducted the present 
study to examine whether or not NAC exerts a prophylactic 
effect against the negative prognostic impact induced by ICs 
and evaluated the presence of significant interactions in the 
subgroups of histological response, macroscopic type, and 
bulky nodal disease.

Methods

Patients

The patients were selected from the medical records of con-
secutive patients who underwent gastrectomy for advanced 
GC at National Cancer Center Hospital, Tokyo, Japan, 
from January 2008 to December 2015. The patients met 
the following inclusion criteria: (1) histologically proven 
primary gastric adenocarcinoma; and (2) received NAC fol-
lowed by curative gastrectomy with lymph node dissection. 
The patients who had undergone R2 or R1 resection were 
excluded.

Because NAC is not a standard treatment in Japan, the 
patients who were treated with NAC were basically entered 
into the clinical trial or followed to the protocol of the trial. 
The patient population consisted of three groups: (1) cT3–cT4 
and any N following the protocol of the in-house feasibility 
study of S-1 with oxaliplatin (UMIN-ID: 000007589), (2) 
extensive nodal swelling along the major branched arter-
ies or para-aortic lymph node swelling (bulky-N) following 
the protocol of JCOG0405 (UMIN-ID: C000000094) or 
JCOG1002 (UMIN-ID: 000006069), and (3) type 4 and giant 
type 3 GC following the protocol of JCOG0501 (UMIN-ID: 
C000000279). The extent of nodal dissection was D2 for the 
in-house study and JCOG 0501 and D2 plus para-aortic nodal 
dissection for JCOG0405. The extent of tumor spread was 
evaluated using the 7th edition of the tumor-node-metastasis 
(TNM) classification established by the Union for Interna-
tional Cancer Control. The histological efficacy of NAC in the 
primary tumor was evaluated by the histopathological criteria 
of the Japanese Classification of Gastric Carcinoma (JCGC) 
[20]. In brief, the histological response was categorized as fol-
lows: grade 0, no effect; grade 1a, viable tumor cells occupy 
more than 2/3 of the tumorous area (very slight effect); grade 
1b, viable tumor cells remain in more than 1/3 but less than 
2/3 of the tumorous area (slight effect); grade 2, viable tumor 
cells remain in less than 1/3 of the tumorous area (considerable 
effect); and grade 3, no viable tumor cells remain (complete 

response). Patients whose histological response grade 0 and 
1a were defined as non-responders, while whose grade 1b or 
higher were defined as responders.

The definition and evaluation of surgical 
complications

According to the Clavien–Dindo classification [21, 22], post-
operative ICs were defined as those which were grade IIIa 
or higher that occurred during hospitalization within 30 days 
after surgery. The patients were divided into two groups: those 
with postoperative ICs (IC group) and those without postop-
erative ICs (NIC group).

Among the complications, we could review during the hos-
pitalization, pancreatic fistula, anastomotic leakage, abdominal 
abscess, duodenal stump fistula, and pneumonia were defined 
as infectious complications.

Statistical analyses

The overall survival (OS) was defined as the period between 
the date of surgery and death, and the disease-free survival 
(DFS) was defined as the period from the date of surgery to 
the first occurrence of any of the following events, includ-
ing recurrence, distant metastasis, or death from any cause. 
The data of patients who had not experienced an event were 
censored at the date of the final observation. The OS and DFS 
curves were calculated using the Kaplan–Meier method and 
compared by the log-rank test. The Cox proportional hazards 
model was used for the uni- and multivariate survival analyses 
to identify prognosticators. We conducted a multivariate analy-
sis of the OS and DFS using factors that values were < 0.05 
in the univariate analysis (ypT and ypN factors). Patients with 
missing covariate values were excluded. The Mann–Whitney 
U test or Chi-squared method was used to compare the two 
groups. p values < 0.05 were considered to indicate statistical 
significance. The survival data were obtained from hospital 
records. All statistical analyses were performed using the IBM 
SPSS Statistics software program, version 24 for Windows 
(Chicago, IL, USA).

Ethics

The present study was conducted in compliance with the ethi-
cal guidelines for clinical research. This study was approved by 
the Institutional Review Board (IRB) of the National Cancer 
Center Hospital.
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Results

Patient characteristics

A total of 115 patients were included in the present study. 
ICs were found in 33 patients (28.7%). Table 1 summarizes 
the perioperative characteristics before surgery. Sixty-two 
patients had macroscopic type 4 or giant type 3, 44 had 
bulky nodal disease or para-aortic nodal metastases, and 
35 had others (neither type 4/giant type 3 nor bulky nodal 
disease/para-aortic nodal metastases). The histological 
efficacy against the primary tumor was 2 (1.7%) in grade 
0, 33 (28.7%) in grade 1a, 30 (26.1%) in grade 1b, 47 
(40.9%) in grade 2, and 3 (2.6%) in grade 3. The more 
than grade 1b histological response was 80 (69.6%) in this 
cohort. This response was achieved in 46 (57.5%) by S-1/
cisplatin, 13 (16.3%) by S-1/oxaliplatin, 12 (15.0%) by 
S-1/docetaxel/cisplatin, and 9 (11.3%) by other regimens.

The proportion of men was significantly greater than 
that of women, and an upper location tended to be more 
frequent in the IC group than in the NIC group. Further-
more, the operation time was significantly longer and 
blood loss significantly greater in the IC group than in 
the NIC group. And postoperative highest CRP level of 
IC group was significantly higher than that of NIC group.

Surgical morbidity and mortality

The details of the complications in all patients are shown 
in Table 2. Pancreatic fistula was the most frequent mor-
bidity (21 cases, 18.3%), followed by anastomotic leakage 
(4 cases, 3.5%) and abdominal abscess (3 cases, 2.6%). 
Complications of grade III were found in 47 cases (40.9%), 
while those of grade IV or V occurred in 3 cases (2.6%). 
Surgical mortality was observed in 1 case (0.9%).

OS and DFS analyses

The OS curve of the IC group was similar to that of the 
NIC group (p = 0.920, Fig. 1a). The 1-year OS was 90.9% 
in the IC group and 93.9% in the NIC group, while the 
3-year OS was 75.8% in the IC group and 74.4% in the 
NIC group. In the univariate Cox analysis, ypT factor and 
ypN factor only showed p value < 0.05 (Table 3). The haz-
ard ratio (HR) of the IC group against the NIC group and 
the p value of ICs were 0.96 and 0.920, respectively, in the 
univariate analysis. Postoperative highest CRP level did 
not reach significant difference, either. The multivariate 
analysis showed that only ypT and ypN were significant 
independent risk factors for the OS (ypT; p = 0.048, ypN; 
p = 0.010) (Table 3).

The DFS curves nearly crossed until 12 months and then 
slightly separated. The DFS was slightly longer in the NIC 
group than in the IC group, although the difference was not 
significant (Fig. 1b). In the univariate analysis, ypT factor 
and ypN factor were significantly associated with the DFS 
(p = 0.001, respectively). In the multivariate analysis, for the 
DFS, both factors remained significant independent risk fac-
tors (ypT; p = 0.007, ypN; p = 0.001) (Table 4).

Then, the survival was compared between the IC and NIC 
groups stratified by the histological response (Fig. 1c, d). 
In the responder, the 3-year OS was 63.6% in the IC group 
and 63.8% in the NIC group, which was not significantly 
different (p value = 0.904). In the non-responder, the 3-year 
OS was 54.5% in the IC group and 66.7% in the NIC group, 
which was also not significantly different (p value = 0.996).

Reasons for the death and recurrence patterns

The median follow-up time for the 115 patients was 
54 months. During the follow-up period, 37 patients (32.2%) 
died. Thirty-four patients (29.6%) died of GC, while 3 
(2.6%) died of other causes. Fifty-five patients (47.8%) 
developed recurrence. Seventeen patients (14.8%) developed 
lymph node recurrence, 25 (21.7%) developed peritoneal 
recurrence, 1 developed anastomotic recurrence (0.9%), and 
14 (12.2%) had other site recurrence (7 liver metastasis, 4 
lung metastasis, 1 gall bladder metastasis, 1 adrenal metas-
tasis, 1 pleural metastasis). Details are shown in Table 5.

Subgroup analyses

The results of subgroup analyses of the OS regarding patho-
logical factors (ypT, ypN and histological response grade), 
macroscopic type, bulky N, and neo or adjuvant chemother-
apy are shown in Fig. 2. The HR was 1.00 in patients who 
had no response to NAC (grade 0/1a) and 0.95 in those who 
responded to NAC (grade 1b/2/3). There was no significant 
interaction between the two subgroups (p = 0.658). No other 
subgroups showed clear superiority in the NIC group versus 
the IC group. There were no interactions showing statistical 
significance among the subgroups.

Discussion

We evaluated whether or not NAC exerted prophylactic 
effects against the negative prognostic impact induced by 
ICs and assessed its interaction among subgroups in this 
study. Compared with Eto’s report, the strength of this 
study is its larger cohort size including common types of 
GC, longer follow-up (more than 3 years), and analyses of 
interactions among subgroups. The present study showed 
that the OS was not significantly affected by the occurrence 
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Table 1  Perioperative patient characteristics between IC group and NIC group

Variables All patients N = 115 IC group N = 33 (28.7%) NIC group N = 82 (71.3%) p value

Age (years) 63.3 (± 10.8) 62.6 (± 11.5) 63.7 (± 10.5) 0.359
Gender 0.042
 Male 81 (70.4%) 28 (84.8%) 53 (64.6%)
 Female 34 (29.6%) 5 (15.2%) 29 (35.4%)

ASA-PS 0.544
 1 11 (9.6%) 2 (6.1%) 9 (11.0%)
 2 94 (81.7%) 27 (81.8%) 67 (81.7%)
 3 10 (8.7%) 4 (12.1%) 6 (7.3%)

Tumor  locationa 0.085
 Upper 46 (40%) 19 (57.6%) 27 (32.9%)
 Middle 39 (33.9%) 9 (27.3%) 30 (36.6%)
 Lower 20 (17.4%) 4 (12.1%) 16 (19.5%)
 Whole 10 (8.7%) 1 (3.0%) 9 (11.0%)

Bulky N/#16LN metastasis 44 (38.3%) 15 (45.5%) 29 (35.4%) 1.000
Macroscopic giant type3/type4 62 (53.9%) 14 (42.4%) 48 (58.5%) 0.149
ycStage 0.143
 I 3 (2.6%) 0 (0%) 3 (3.7%)
 II 47 (40.9%) 10 (30.3%) 37 (45.1%)
 III 65 (56.5%) 23 (69.7%) 42 (51.2%)

NAC regimen 0.926
 S-1 and cisplatin 74 (64.3%) 20 (60.6%) 54 (65.9%)
 S-1 and oxaliplatin 14 (12.2%) 4 (12.1%) 10 (12.2%)
 S-1, docetaxel and cisplatin 13 (11.3%) 4 (12.1%) 9 (11.0%)
 Others 14 (12.2%) 5 (15.2%) 9 (11.0%)

Surgical Procedure 0.815
 Distal gastrectomy 29 (25.2%) 7 (21.2%) 22 (26.8%)
 Total gastrectomy 83 (72.3%) 25 (75.8%) 58 (70.7%)

Other 3 (2.6%) 1 (3.0%) 2 (2.4%)
 Operation time (min) 337.1 (± 111.1) 396.8 (± 138.1) 313.1 (± 88.4) 0.001
 Blood loss (ml) 711.5 (± 627.0) 814.7 (± 536.6) 670.0 (± 658.4) 0.039

Extent of lymphadenectomy 0.806
 D2 48 (41.7%) 15 (45.5%) 33 (40.2%)
 D2+ 40 (34.8%) 10 (31.3%) 30 (36.6%)
 D3 27 (23.5%) 8 (25.0%) 19 (23.2%)

ypTa factor 0.185
 0 4 (3.5%) 0 (0%) 4 (4.9%)
 T1a 1 (0.9%) 0 (0%) 1 (1.2%)
 T1b 13 (11.3%) 5 (15.2%) 8 (9.8%)
 T2 17 (14.8%) 7 (21.2%) 10 (12.2%)
 T3 51 (44.3%) 13 (39.4%) 38 (46.3%)
 T4a 25 (21.7%) 5 (15.2%) 20 (24.4%)
 T4b 4 (3.5%) 3 (9.1%) 1 (1.2%)

ypNa factor 0.374
 0 39 (33.9%) 14 (42.4%) 25 (30.5%)
 1 24 (20.9%) 9 (27.3%) 15 (18.3%)
 2 26 (22.6%) 6 (18.2%) 20 (24.4%)
 3 26 (22.6%) 4 (12.1%) 22 (26.8%)

M factor 0.727
 0 104 (90.4%) 29 (87.9%) 75 (91.5%)
 1 11 (9.6%) 4 (12.1%) 7 (8.5%)
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of postoperative ICs, which was supported by a similar trend 
being noted in the DFS and a similar recurrence between 
the ICs and the NICs. Furthermore, there was no clear trend 
toward a better survival in the NIC group than in the IC 
group among subgroups of histological response or spe-
cific types of type 4 or bulky nodal disease. These results 
strengthen the hypothesis that NAC cancels out the poor 
prognosis induced by postoperative ICs after gastrectomy. 
Prophylactic effects of NAC against the negative prognostic 
impact of morbidity do not appear to depend on the histo-
logical response or type of tumors.

There was no significant interaction between the respond-
ers and the non-responders. Moreover, the survival curves 

were almost similar between the IC and the NIC groups 
regardless of the histological response. These results sug-
gested that the histological response did not affect the 
prophylactic effect of NAC. Previously, Eto et al. claimed 
in their report that the elimination of micrometastases by 
NAC contributed to the abolition of the negative prognostic 
impact of ICs after gastrectomy [18]. However, it is unclear 
whether NAC really eradicates micrometastasis. It would be 
also interesting to see relationships between miscrometas-
tasis and response to NAC. Further study must be focused 
on these issues.

The HR in this study population was almost 1.0 regard-
less of the histological response. Histological response 

a According to the seventh edition of the International Union Against
Cancer tumor, node, metastasis (TNM) classification system

Table 1  (continued)

Variables All patients N = 115 IC group N = 33 (28.7%) NIC group N = 82 (71.3%) p value

ypStagea 0.237
 0 3 (2.6%) 0 (0%) 3 (3.7%)
 I 19 (16.5%) 8 (24.2%) 11 (13.4%)
 II 37 (32.3%) 9 (27.3%) 28 (34.1%)
 III 45 (39.1%) 12 (36.4%) 33 (40.2%)
 IV 11 (9.6%) 4 (12.1%) 7 (8.5%)

Postoperative highest CRP level 16.34 (± 6.94) 21.9 (± 7.34) 14.1 (± 5.34) < 0.001
Histological response of primary lesion 0.692
 0 2 (1.7%) 1 (3.0%) 1 (1.2%)
 1a 33 (28.7%) 10 (30.3%) 23 (28.0%)
 1b 30 (26.1%) 10 (30.3%) 20 (24.4%)
 2 47 (40.9%) 12 (36.4%) 35 (42.7%)
 3 3 (2.6%) 0 (0%) 3 (3.7%)

Adjuvant chemotherapy 0.168
 Present 84 (73.0%) 21 (63.6%) 63 (76.8%)
 Absent 31 (27.0%) 12 (36.4%) 19 (23.2%)

Duration of adjuvant chemotherapy (months) 7.18 (± 7.46) 6.21 (± 6.28) 7.89 (± 7.89) 0.461

Table 2  Details of all 
complications

Complications Grade according to Clavien Dindo classification Total (%)

IIIa IIIb IVa IVb V

Pancreatic fistula 21 0 0 0 0 21 (18.3%)
Anastomitic leakage 2 2 0 0 0 4 (3.5%)
Abdominal abscess 3 0 0 0 0 3 (2.6%)
Duodenal stump fistula 1 1 0 0 1 3 (2.6%)
Pneumonia 1 0 0 0 0 1 (0.9%)
Bleeding 3 1 0 0 0 4 (3.5%)
Lymph fistula 1 0 0 0 0 1 (0.9%)
Acute kidney failure 0 0 1 0 0 1 (0.9%)
Arrithmia 0 0 1 0 0 1 (0.9%)
Others 7 1 0 0 0 8 (7.0%)
Total 39 5 2 0 1 47 (40.9%)
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was a good surrogate endpoint for the survival, which was 
shown especially in the western cohort [23]. Different from 
the western countries where NAC was introduced as the 

standard treatment, there are few reliable studies showing 
that good histological response was associated with better 
survival in Japan, because NAC is not a standard treatment 

Fig. 1  A Kaplan–Meier analysis of the survival between the IC group and the NIC group. a Overall survival (OS) and (b) disease-free survival 
(DFS) in the whole cohort and (c) OS in the non-responders and (d) OS in the responders
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in Japan. There was only one reliable study to examine this 
topic using prospective study. Nakamura et al. examined 
surrogacy of histological response in 188 patients who 

enrolled in several JCOG phase II studies of NAC target-
ing type 3/giant type 3 (JCOG0002 and JCOG0210) and 
bulky nodal disease (JCOG0001 and JCOG0405) [24]. 

Table 3  Univariate and multivariate Cox proportional hazards analyses of the clinicopathological factors for the overall survival

a According to the seventh edition of the International Union Against Cancer tumor, node, metastasis (TNM) classification system

Factors Number of patients (%) Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Age (years) 0.973
 ≥ 63 69 (60%) 1.00
 < 63 46 (40%) 0.94 0.51–1.87

Gender 0.800
 Male 81 (70.4%) 1.00
 Female 34 (29.6%) 1.10 0.54–2.22

ASA-PS 0.276
 1 11 (9.6%) 1.00
 2/3 104 (90.4%) 2.23 0.53–9.38
 Operation time (min) 0.422
 < 337 65 (56.5%) 1.00
 ≥ 337 50 (43.5%) 1.30 0.68–2.49
 Blood loss (ml) 0.283
 < 712 74 (64.3%) 1.00
 ≥ 712 41 (35.7%) 1.53 0.70–3.35

Extent of lymphadenectomy 0.070
 D2/D2+ 88 (76.5%) 1.00
 D3 27 (23.5%) 1.89 0.95–3.77

ypTa factor 0.013 0.048
 0/T1a/T1b/T2 35 (30.4%) 1.00 1.00
 T3/T4a/T4b 80 (69.6%) 3.30 1.29–8.49 2.62 1.01–6.79

ypNa factor 0.003 0.010
 0 39 (33.9%) 1.00 1.00
 1/2/3 76 (66.1%) 4.12 1.60–10.57 3.47 1.34–9.00

Histological response of primary lesion 0.766
 0/1a 35 (30.4%) 1.00
 1b/2/3 80 (69.6%) 0.90 0.43–1.85

Adjuvant chemotherapy 0.268
 Absent 31 (27.0%) 1.00
 Present 84 (73.0%) 1.59 0.70–3.63

Inflammatory complication grade IIIa or higher 0.920
 Absent 82 (71.3%) 1.00
 Present 33 (28.7%) 0.96 0.47–1.99

Postoperative highest CRP level 0.318
< 15.5 59 (51.3%) 1.00
≥ 15.5 56 (48.7%) 1.39 0.72–2.67
Macroscopic giant type3/type4 0.076
 Absent 53 (46.1%) 1.00
 Present 62 (53.9%) 1.85 0.94–3.63

NAC regimen 0.345
 S-1 and cisplatine 74 (64.3%) 1.00
 S-1 and oxaliplatin 14 (12.2%) 0.97 0.46–2.07
 Others 27 (23.5%) 0.34 0.07–1.57
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Relationship between good histological response and bet-
ter survival was demonstrated in phase II studies targeting 
bulky nodal disease, while that was not demonstrated in the 

trial targeting type 4/giant type 3. The phase II trials target-
ing bulky nodal disease (JCOG0001 and JCOG0405) did 
not permit any adjuvant chemotherapy after surgery. More 

Table 4  Univariate and multivariate Cox proportional hazards analyses of the clinicopathological factors for the disease-free survival

a According to the seventh edition of the International Union Against Cancer tumor, node, metastasis (TNM) classification system

Factors Number of patients (%) Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Age (years) 0.647
 ≥ 63 69 (60%) 1.00
 < 63 46 (40%) 1.14 0.66–1.96

Gender 0.468
 Male 81 (70.4%) 1.00
 Female 34 (29.6%) 1.24 0.68–2.25

ASA-PS 0.073
 1 11 (9.6%) 1.00
 2/3 104 (90.4%) 3.64 0.87–14.94
 Operation time (min) 0.319
 < 337 65 (56.5%) 1.00
 ≥ 337 50 (43.5%) 1.31 0.77–2.22
 Blood loss (ml) 0.195
 < 712 74 (64.3%) 1.00
 ≥ 712 41 (35.7%) 1.43 0.83–2.45

Extent of lymphadenectomy 0.136
 D2/D2+ 88 (76.5%) 1.00
 D3 27 (23.5%) 1.57 0.87–2.85

ypTa factor 0.001 0.007
 0/T1a/T1b/T2 35 (30.4%) 1.00 1.00
 T3/T4a/T4b 80 (69.6%) 3.40 1.60–7.20 2.81 1.32–6.00

ypNa factor 0.001 0.001
 0 39 (33.9%) 1.00 1.00
 1/2/3 76 (66.1%) 3.81 1.86–7.80 3.28 1.59–6.74

Histological response of primary lesion 0.644
 0/1a 35 (30.4%) 1.00
 1b/2/3 80 (69.6%) 1.14 0.65–2.00

Adjuvant chemotherapy 0.131
 Absent 31 (27.0%) 1.00
 Present 84 (73.0%) 1.70 0.85–3.37

Inflammatory complication grade IIIa or higher 0.342
 Absent 82 (71.3%) 1.00
 Present 33 (28.7%) 0.74 0.40–1.38

Postoperative highest CRP level 0.501
 < 15.5 59 (51.3%) 1.00
 ≥ 15.5 56 (48.7%) 1.20 0.71–2.04

Macroscopic giant type3/type4 0.076
 Absent 53 (46.1%) 1.00
 Present 62 (53.9%) 1.64 0.95–2.82

NAC regimen 0.134
 S-1 and cisplatine 74 (64.3%) 1.00
 S-1 and oxaliplatin 14 (12.2%) 1.22 0.64–2.32
 Others 27 (23.5%) 0.37 0.11–1.32
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recently, JCOG0501 phase III study reported at ASCO 2018, 
a first phase III study of NAC in Japan, has revealed that 
giant type 3 and type 4 advanced gastric cancer did not show 
prognostic improvement, even if they were treated with NAC 
[19]. Furthermore, there was no survival difference between 
primary surgery group and NAC group, though NAC group 
had 57.9% response rate. Seventy-seven out of 133 patients 
had histological response grade 1b or higher. Thus, there 
is no concrete evidence showing that histological response 
was related with the survival in Japan. It is unclear whether 

surrogacy of histological response is shown in common type 
or whether postoperative efficient chemotherapy with S-1 
offset the surrogacy. In our cohort, 53.9% was type 4/giant 
type 3 and 73% had received S-1 adjuvant chemotherapy 
after surgery.

In the present study, no significant interaction was 
observed between the subgroup of type 4/giant type 3 and 
other macroscopic types. A significant interaction was also 
not observed based on the presence of bulky nodal disease. 
These results suggest that the prophylactic effect did not 
differ depending on the macroscopic type or presence of 
bulky nodal disease. In contrast to type 4 or giant type 3 
disease, bulky nodal disease is considered a suitable target 
of NAC. In the JCOG0001 [2] and JCOG0405 [25] phase 
II trials, an excellent survival was obtained with NAC for 
bulky nodal disease. Considering these, prophylactic effect 
of NAC would not be related with efficacy of NAC.

Why then does NAC exert a prophylactic effect against 
the negative prognostic impact of ICs after gastrectomy? 
The exact mechanisms are unclear. Our study as well as 
Eto showed that the incidence of inflammatory reactions 
after surgery differed between the IC and NIC groups, 
indicating differences in the release of cytokines from 
lymphocytes between the groups. The growth of micro-
metastasis would be enhanced by ICs. Chemotherapy is 
known to be a potential immunomodulatory agent, and 

Table 5  Reasons for recurrence patterns between IC group and NIC 
group

Variables IC group N = 33 NIC group N = 82

Lymph node recurrence 4 (12.1%) 13 (15.9%)
Peritoneal recurrence 6 (18.2%) 19 (23.2%)
Liver metastasis recurrence 3 (9.1%) 4 (4.9%)
Lung metastasis recurrence 0 (0%) 4 (4.9%)
Gall bladder metastasis recur-

rence
0 (0%) 1 (1.2%)

Adrenal metastasis recurrence 0 (0%) 1 (1.2%)
Pleural recurrence 1 (3.0%) 0 (0%)
Anastomotic recurrence 0 (0%) 1 (1.2%)
Number of recurrence case 14 (42.4%) 41 (50.0%)

IC NIC HR 95% CI p value for interaction

ypT factor 0.407
 0/T1a/T1b/T2 12 (36.4%) 23 (28.0%) 0.49 0.06-4.38
 T3/T4a/T4b 21 (63.6%) 49 (59.8%) 1.24 0.57-2.68
ypN factor 0.364
 0 14 (42.4%) 25 (30.5%) 0.49 0.06-4.44
 1/2/3 19 (57.6%) 57 (69.5%) 1.33 0.62-2.89
Histological response of primary lesion 0.658
 0/1a 11 (33.3%) 24 (29.3%) 1.00 0.26-3.90
 1b/2/3 22 (66.7%) 58 (70.7%) 0.95 0.40-2.24
Adjuvant chemotherapy 0.124
 Absent 12 (36.4%) 19 (23.2%) 2.67 0.59-11.99
 Present 21 (63.6%) 63 (76.8%) 0.70 0.29-1.72
Macroscopic giant type3/type4 0.293
 Absent 19 (57.6%) 34 (41.5%) 1.65 0.55-4.91
 Present 14 (42.4%) 48 (58.5%) 0.72 0.25-2.10
Bulky N/#16 LN metastasis 0.132
 Absent 18 (54.5%) 53 (64.6%) 0.57 0.19-1.68
 Present 15 (45.5%) 29 (35.4%) 1.83 0.64-5.29
Giant type3/type4 or Bulky N/#16 LN metastasis 0.581
 Neither 9 (27.3%) 16 (19.5%) 0.58 0.06-5.60
 Either 24 (72.7%) 66 (80.5%) 1.13 0.53-2.42
NAC regimen 0.130
 S-1 and cisplatine 20 (60.6%) 54 (65.9%) 0.62 0.24-1.65
 S-1 and oxaliplatin 4 (12.1%) 10 (12.2%) 2.89 0.18-46.48
 others 9 (27.3%) 18 (22.0%) 1.87 0.50-6.99
Overall 33 82 0.96 0.47-1.99

Favours NIC Favours IC

0.01 0.10 1.00 10.00 100.00

Fig. 2  Subgroup analyses. No subgroup showed clear superiority in the NIC group versus the IC group. No interactions showed statistical sig-
nificance among the subgroups
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many chemotherapy-mediated stress pathways modu-
late the expression of NK cell-activating and inhibitory 
ligands, rendering tumor cells more immunogenic [26]. 
These mechanisms might be involved in the prophylactic 
effects of NAC.

There are some limitations associated with the present 
study. First, this was a retrospective, single-center study. 
We cannot deny the possibility of several biases related to 
the retrospective nature of the study. However, the cohort 
enrolled in the present study is mostly limited to the pro-
spective clinical trial. The selection of patients, treatment 
strategy, and follow-up was strictly defined by the proto-
col. Therefore, biases caused by the retrospective nature 
are likely limited. Second, the sample size was not very 
large, with each subgroup being particularly small. The 
reliability of the results of the subgroup analyses might, 
therefore, be somewhat low. However, the findings of 
the recent phase III trial JCOG0501 strongly support our 
hypothesis that the prophylactic effect of NAC was not 
due to the elimination of micrometastases by this therapy 
[19]. Third, we have no concurrent control of the patients 
who received primary surgery and do not know whether 
IC worsens the survival in the control. However, many 
previous studies clearly demonstrated that the patients who 
developed IC had poorer prognosis than those who did 
not when the patients received primary surgery. Therefore, 
we considered that NAC had prophylactic effect against 
negative survival impact induced by surgery. Forth, we 
could not ignore the effect of adjuvant chemotherapy. In 
the present study, the patients received adjuvant chemo-
therapy following each protocol. All protocols described 
that patients after R0 resection must receive S-1 adjuvant 
chemotherapy for 1 year except JCOG0405 trial targeting 
bulky nodal disease. The survival could be affected not 
only by the presence of absence of adjuvant chemotherapy 
but also by its duration. However, there was no significant 
difference in these factors between the IC and the NIC 
groups in this study. Thus, the effect of adjuvant chemo-
therapy would be limited.

In conclusion, the present study confirmed the hypoth-
esis that NAC could eliminate the negative impact of 
postoperative ICs on the OS and DFS in advanced GC 
patients. The prophylactic effects of NAC against the nega-
tive prognostic impact induced by morbidity do not appear 
to depend on the type of tumor or histological response.
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