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Abstract: Recent studies have identified that postoperative infectious complications (PICs) have contributed to poor 
prognosis in gastric cancer (GC). In this study, we investigated which complication among PICs most strongly con-
tributes to a poor prognosis. This study included 1,653 consecutive patients who underwent curative gastrectomy 
for GC between 1997 and 2018. A Clavien-Dindo classification of grade II or higher was used as a cut-off for PICs. 
PICs occurred in 17.1% of all GC patients. Patients with a PIC had a poorer prognosis than those without [Hazard 
ratio (HR): 17.5, P < 0.001]. Among PICs, pancreatic fistula (PF) had the strongest effect on poor prognosis (HR: 
3.16) compared to anastomotic leakage (HR: 2.41), pneumonia (HR: 2.11) and intra-abdominal abscess (HR: 1.98). 
Multivariate analysis on pStage II or III GC showed that PF had the strongest poor prognostic effect (P = 0.025, HR: 
2.21, 95%-CI: 1.07-3.99). Patients with PF had significantly higher C-reactive protein (CRP) levels on postoperative 
days 1 (P = 0.039) and 3 (P = 0.044), tended to experience a prolonged period of high inflammation, with CRP 
levels above 10 mg/dL (P = 0.086), and had the highest incidence of recurrence compared to other PICs. Robotic 
gastrectomy had no incidence of PF, while open gastrectomy resulted in a 2% occurrence, and laparoscopic gas-
trectomy had a 1.8% occurrence. In conclusion, PF had the strongest effect on poor prognosis among PICs. Robotic 
gastrectomy might be the optimal approach for avoiding PF. 
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Introduction

Although various treatments for gastric cancer 
(GC) have improved considerably in recent 
decades [1-3], curative gastrectomy remains 
the most pivotal strategy for GC patients [4-6]. 
Curative gastrectomy with radical lymphade-
nectomy is the most effective treatment for 
improving prognosis of the patients with resect-
able GC; however, postoperative infectious 
complications (PICs) have a negative prognos-
tic effect [7-9]. Among PICs, pneumonia [10], 
anastomotic leakage (AL) [11], intraabdominal 
abscesses [7, 12] and pancreatic fistula (PF) 
[13, 14] have been commonly reported to con-
tribute to worse prognosis. In addition, previous 
studies have already identified that the severe 
inflammation of PICs affects negative immuno-
logical responses leading to the development 
and progression of micro-metastatic and resid-
ual cancer cells [15, 16]. However, it remains 
unclear which complication among PICs most 

strongly contributes to a poor prognosis. 
Therefore, verifying the prognostic effect of 
each type of PIC and identifying which types 
should specifically be targeted in an effort to 
improve prognosis are pivotal issues. 

In this study, we clarified which PICs have the 
greatest prognostic impact and discussed bet-
ter surgical approach to reduce the incidence of 
PICs. Our results may provide evidence that 
pancreatic fistula is a pivotal prognostic issue 
among PICs, which should specifically be tar-
geted in an effort to improve prognosis.

Materials and methods

Patients and surgical procedures

This study was approved by the Kyoto Prefectural 
University of Medicine, Japan, and was there-
fore performed in accordance with the ethical 
standards laid down in the Declaration of 
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Helsinki. Written informed consent to partici-
pate in the research was obtained from all 
patients. A total of 1,653 consecutive patients 
who underwent curative gastrectomy with 
lymphadenectomy for GC at our institute be- 
tween January 1997 and June 2018 were 
included in this study. Patients with Stage IV 
cancer and patients with remnant GC were 
excluded (Figure 1). 

Based on preoperative diagnosis using gas- 
tric endoscopy and computed tomography 
scans, total or distal gastrectomy with suffi-
cient lymphadenectomy was performed, mainly 

Statistical analysis

Statistical analysis was performed using JMP 
version 16 (ASA Institute, Cary, NC, USA). The 
Chi-squared test and Fisher’s exact probability 
test were performed for comparing categorical 
variables, and the Student’s t-test and Mann-
Whitney U test for unpaired continuous vari-
ables were performed to compare clinicopatho-
logical characteristics between two groups. 
Survival curves were estimated using the 
Kaplan-Meier method, and statistical differ-
ences were examined using the log-rank test. 
Univariate and multivariate survival analyses 

Figure 1. Patients enrolled in this study. A total of 2,060 patients 
underwent curative gastrectomy with lymphadenectomy between 
January 1997 and December 2018. Of these, 407 patients were ex-
cluded from the study. Thus, data from 1,653 consecutive patients 
were obtained from their hospital records and retrospectively ana-
lyzed.

Figure 2. Overall survival curves of patients with and without postop-
erative complications. Patients with PICs had a significantly poorer 
overall survival compared to those without.

according to the Japanese guidelines 
for the treatment of GC [17]. Patients 
with clinical T1 and N0 tumors under-
went D1 or D1+ lymphadenectomy, 
and patients with clinical T2 or more 
advanced tumors or those with N1 or 
more advanced tumors (or both) 
underwent D2 or D2+ lymphadenec-
tomy. In D2 dissections, the perigas-
tric lymph nodes and all second- 
tier lymph nodes were completely 
retrieved.

Follow-up after curative gastrectomy

Postoperative follow-up was per-
formed in the outpatient clinic every 
three months following surgery. Blood 
chemistry was also measured every 
three months. Endoscopic examina-
tions were performed annually, and 
computed tomography examinations 
were performed every three months 
for five years after surgery.

Definition of postoperative complica-
tions 

A Clavien-Dindo classification of 
grade II or higher was the cut-off for 
PIC. Postoperative PF was retrospec-
tively defined as an output via an 
operatively placed drain of any mea-
surable fluid volume on or after post-
operative day 3 with an amylase con-
tent more than three times higher 
than the upper normal serum value. 
An intraabdominal abscess was 
defined as an intraabdominal infec-
tion excluding PF and anastomotic 
leakage. 
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were performed using the likelihood ratio test 
of the stratified Cox proportional hazards 
model. P < 0.05 was considered statistically 
significant. 

Results

Prognostic effects of PICs for GC patients

PICs occurred in 17.1% (284/1653) of all GC 
patients. Of these, 31 patients (1.9%) had PF, 
46 patients (2.7%) had AL, 38 (2.3%) patients 
had intraabdominal abscesses, and 29 pa- 
tients (1.8%) had pneumonia. Patients with 
PICs had a significantly poorer overall survival 

(OS) compared to those without (P < 0.001, 
with a complication vs. without a complication: 
74.3% vs. 83.1%; Figure 2). When analyzed for 
each type of PIC, PF had the strongest impact 
on prognosis (P < 0.001, HR: 3.16, 95% confi-
dence interval [CI]: 1.68-5.95) compared with 
the other types; AL (P < 0.001, HR: 2.38, 95%-
CI: 1.44-3.95), intraabdominal abscesses (P = 
0.030, HR: 1.98, 95%-CI: 1.05-3.73), and pneu-
monia (P = 0.033, HR: 2.11, 95%-CI: 1.05-4.28; 
Table 1 and Figure 3). Multivariate analyses 
using Cox’s proportional hazards model 
revealed that PF was an independent poor 
prognostic factor for pStage II-III GC patients (P 
= 0.029, HR: 2.08, 95%-CI: 1.07-3.99; Table 2).

Figure 3. Overall survival curves of patients with and without each type of postoperative complication. PF had the 
strongest impact on prognosis compared with the other types; AL, intraabdominal abscesses, and pneumonia.

Table 1. Prognostic effect of each type of postoperative infectious complication
HRa 95% CIb

Pancreatic fistula Positive vs. Negative 3.16 1.68-5.95
Anastomotic Leakage Positive vs. Negative 2.41 1.44-3.95
Pneumonia Positive vs. Negative 2.11 1.05-4.28
Intraabdominal abscess Positive vs. Negative 1.98 1.05-3.73
aHR: hazard ratio; bCI: confidence interval.
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Clinicopathological factors and PF

Next, we evaluated potential associations 
between PF and clinicopathological factors. As 
shown in Table 3, PF in GC patients was signifi-
cantly associated with an advanced T stage (P 
= 0.004), advanced N stage (P = 0.008), lym-
phatic invasion (P = 0.023), and vessel invasion 
(P = 0.016), and tended to be more common in 
males (P = 0.100). Regarding surgical approach-
es, the incidence of PF was lower in robotic  
gastrectomy (0%) than in other approaches: 
2.0% (21/1048) in open gastrectomy and 1.8% 
(10/571) in laparoscopic gastrectomy.

Serum C-reactive protein levels and recurrence 
patterns of each type of PIC 

To investigate differences in postoperative 
inflammation in each type of PIC, we compared 
trends in serum C-reactive protein (CRP) levels. 
As a result, CRP levels were significantly higher 

However, there have been no reports about dif-
ferences in prognosis from various types of 
postoperative complications, especially in PICs 
of GC. In this study, we demonstrated that PF 
(HR: 3.16) had the strongest effect on poor 
prognosis among various types of PIC in GC, fol-
lowed by AL (HR: 2.41), pneumonia (HR: 2.11), 
and intra-abdominal abscess (HR: 1.98). Our 
results provide evidence that PF is a pivotal 
issue that should specifically be targeted in an 
effort to improve prognosis.

There are two putative reasons regarding the 
poor prognostic effect of PF associated with 
GC. The first reason is a cancer-activation 
effect due to the infection-induced inflamma-
tory response. Previous studies demonstra- 
ted that the infection-induced inflammatory 
response facilitated the aggressive features of 
tumor cells through inflammatory cells and 
cytokines such as TNF-α, IL6, PDGF, and VEGF 
[26, 27]. Indeed, in our study, postoperative 

Table 2. Results of univariate and multivariate analyses

Variables
Univariatea Multivariateb

P-value HRc 95% CId P-value
Sex
    Male vs. Female 0.484 1.21 0.88-1.67 0.238
Age (years)
    75 ≤ vs. < 75 < 0.001 2.13 1.53-2.96 < 0.001
Tumor size (mm)
    50 ≤ vs. < 50 < 0.001 1.40 1.00-1.94 0.050
pT categorye

    pT3-4 vs. pT1-2 < 0.001 2.80 1.62-4.87 < 0.001
pN categorye

    pN1-3 vs. pN0 < 0.001 1.86 1.23-2.81 0.003
Lymphatic invasion
    Positive vs. Negative < 0.001 1.69 1.10-2.60 0.016
Venous invasion
    Positive vs. Negative < 0.001 1.12 0.81-1.54 0.492
Pancreatic fistula
    Positive vs. Negative < 0.001 2.08 1.07-3.99 0.029
Anastomotic Leakage
    Positive vs. Negative < 0.001 1.26 0.60-2.62 0.531
Pneumonia
    Positive vs. Negative 0.033 0.71 0.51-3.87 0.495
Intraabdominal abscess
    Positive vs. Negative 0.030 0.95 0.45-2.40 0.911
aAnalyzed by log-rank test; banalyzed by Cox’s proportional hazard model; 
cHR: hazard ratio; dCI: confidence interval; eClassified according to the Japa-
nese Classification of Gastric Carcinoma. Significant P-values are shown in 
bold.

in patients with PF than in patients 
with other PICs on postoperative day 
(POD) 1 (P = 0.039; Pneumonia vs. 
Intraabdominal abscess vs. AL vs. 
PF: median serum CRP level, 6.5 vs. 
7.3 vs. 7.4 vs. 8.5 mg/dL) and  
POD 3 (P = 0.044; Pneumonia vs. 
Intraabdominal abscess vs. AL vs. 
PF: median serum CRP level, 12.1 
vs. 14.9 vs. 12.2 vs. 18.0 mg/dL; 
Figure 4). Furthermore, the number 
of postoperative days with CRP lev-
els exceeding 10 mg/dL tended to 
be higher with PF than among the 
other PICs (P = 0.086; Pneumonia 
vs. Intraabdominal abscess vs. AL 
vs. PF: median number of days 
above CRP 10 mg/dL, 3.5 vs. 7.0 vs. 
8.0 vs. 8.0; Figure 4). Regarding the 
recurrence patterns, patients with 
PF had more peritoneal recurrences 
(n = 8, 20.0%) than patients with 
other PICs (Figure 5).

Discussion

GC is one of the most common 
causes of cancer-related death 
worldwide [18]. Despite recent ad- 
vances in surgical approaches, post-
operative complications still occur in 
GC [19-21] and have a negative 
prognostic effect [8, 19, 22-25]. 
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CRP levels were considerably higher, and there 
were more postoperative days with elevated 
CRP levels in patients with PF compared with 
other PICs. Moreover, patients with PF proved 
to have significantly more recurrences, particu-
larly peritoneal recurrence. To our knowledge, 
these findings have not been reported previ-
ously. The second reason is the delayed admin-
istration of adjuvant chemotherapy because PF 
was strongly associated with a longer hospital 
stay. Previous studies, including our own, clear-
ly demonstrate that the delayed initiation of 
adjuvant chemotherapy affects poor prognosis 
for GC patients [28, 29]. Thus, PF might have 
the strongest poor prognostic impact in GC.

Risk factors of PF have already been reported, 
such as advanced age and obesity [14]. Also, 
we have also reported on the risk factors of 
severe PF [30]. In recent years, surgical proce-
dures have been reported as a possible risk 

factor. Laparoscopic gastrectomy for GC is 
widespread as a minimally invasive surgical 
technique, and the clinical significance of early 
and long-term outcomes has been established 
[31, 32], even for advanced cancers [33-35]. 
Moreover, laparoscopic gastrectomy contrib-
utes to reducing postoperative pulmonary and 
cardiac events [36]. However, the incidence of 
PF is equivalent to or more common after lapa-
roscopic surgery compared with open surgery 
because of its technical difficulty in lymphade-
nectomy around the pancreas [37]. Whereas in 
robotic surgery, recent prospective and RCT 
studies identified reduced postoperative com-
plications and PICs, particularly in PF, com-
pared with laparoscopic surgery [20, 38]. 
Indeed, fascinating preliminary result in our 
study is that there were no patients with PF fol-
lowing robotic gastrectomy (0%). In contrast, PF 
occurred in 1.8% (10/571) after laparoscopic 
gastrectomy and 2.0% (21/1048) of patients 

Table 3. Associations between postoperative fistula and clinicopathological factors

Variables
Pancreatic fistula

P-value*

Positive (n = 31) Negative (n = 1622)
Sex
    Male 25 (81%) 1088 (67%) 0.100
    Female 6 (19%) 534 (33%)
Age (years)
    ≥ 75 8 (26%) 357 (22%) 0.620
    < 75 23 (74%) 1265 (78%)
pT category
    T3-4 16 (52%) 454 (28%) 0.004
    T1-2 15 (48%) 1168 (72%)
pN category
    N1-3 17 (55%) 444 (27%) 0.008
    N0 14 (45%) 1177 (73%)
Lymphatic invasion
    Positive 19 (61%) 662 (41%) 0.023
    Negative 12 (39%) 960 (59%)
Venous invasion
    Positive 16 (52%) 497 (31%) 0.016
    Negative 15 (48%) 1125 (69%)
Operative procedure
    Open 21 (68%) 1048 (65%) 0.746
    Laparoscopic 10 (32%) 561 (34%)
    Robotic 0 (0%) 13 (1%)
Tumor major axis (mm)
    ≥ 50 12 (39%) 442 (27%) 0.171
    < 50 19 (61%) 1180 (73%)
*P-values are from the Chi-squared test or Fisher’s exact test. Significant P-values are shown in bold.
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Figure 4. Relationship between postoperative C-
reactive protein and each type of PICs. Serum C-
reactive protein levels on postoperative days 1 and 
3 for each type of PIC and the number of postop-
erative days presenting serum C-reactive protein 
levels greater than 10 mg/dL in each type of PIC. 
CRP levels were significantly higher in PF patients 
than in other PIC patients on postoperative day 1 
and postoperative day 3. Postoperative days with 
CRP levels exceeding 10 mg/dL tended to be more 
common in PF than in other PICs.

Figure 5. The incidence of recurrences associated with the PICs. Patients with PF proved to have significantly more 
recurrences, particularly peritoneal recurrences.
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following open gastrectomy. Regarding the 
short-term outcomes comparing recent robotic 
surgery cases between June 2018 and 
November 2023, the incidence of PF was sig-
nificantly lower in the robotic surgery group 
(0/110) compared to the non-robotic surgery 
group (34/1853) (Robotic surgery vs. non-
robotic surgery: 0% vs. 1.8%, P = 0.047; data 
not shown). 

A recent study identified decreased postopera-
tive complications and improved long-term sur-
vival following robotic surgery for GC [39]. 
Robotic surgery has various technical merits, 
such as 3-D vision, easier instrument move-
ment, and tremor filtration, which enable sur-
geons to address the surgical field safely and 
easily. Thus, robotic gastrectomy is feasible 
and safe to avoid postoperative PF [40, 41]. 
Robotic surgery might be expected to improve 
long-term outcomes in GC patients by reducing 
inflammation and avoiding PF.

Our study had a limitation. Primarily, the results 
were retrospectively demonstrated with a small 
cohort. The long accrual period of this retro-
spective analysis at a single institute may have 
included possible treatment variations. There- 
fore, a prospective observational study using 
several large cohorts or a nationwide clinical 
database study may be needed to validate our 
finding that PF is a pivotal prognostic issue 
among PICs. Nevertheless, PF should specifi-
cally be targeted in an effort to improve progno-
sis using robotic surgery. 
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