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1  |  INTRODUC TON

Colorectal cancer (CRC) is one of the most common cancers world-
wide. CRC killed approximately 880 000 people worldwide in 2018 
and is the fourth leading cause of cancer death.1 Despite recent 
advances in CRC treatments, particularly chemotherapies and 
molecular- targeted agents, surgery is still a mainstay for localized 
CRC treatment. Despite recent improvements in minimally invasive 
procedures and perioperative management, surgical site infections 
(SSI) remain the most frequent surgical complications and could re-
sult in increased medical costs, prolonged hospital stay, and deteri-
orated patient quality of life.2,3 Remote infection (RI) occurring at 
various distant sites after surgery is also a major concern, and RI fre-
quently overlaps with SSI and is reported to be associated with lon-
ger hospital stays and increased medical costs.4 The incidence of SSI 
in CRC surgery is gradually decreasing globally, including in Japan, 
owing to the increased use of laparoscopic surgery.5 However, 
studies reporting the detailed epidemiology of RI are scarce; there-
fore, comprehensive consideration of SSI and RI, as postoperative 
infections (PI), is required to assess their influence in CRC surgical 
patients.

In addition to the mentioned disadvantages of PIs, previous 
studies have shown increased recurrence and worse survival in pa-
tients who developed PIs, especially for anastomotic leakage (AL), 
in CRC surgeries.6– 8 A recent meta- analysis of 154 981 CRC surgical 

patients demonstrated that PIs had a significant negative impact on 
overall survival (OS) and cancer- specific survival (CSS).9 However, 
other studies demonstrated no oncological impact in patients who 
developed AL.10– 12 These heterogeneous results across studies 
might be affected by the study design (i.e., impossibility of random-
ized controlled trial), unvalidated definitions of PI, and perioperative 
management changes during the patient inclusion period.

In this study conducted by the Japan Society for Surgical 
Infection, the authors aimed to investigate the impact of PI after 
CRC surgery on survival using multicenter retrospective cohort data.

2  |  METHODS

2.1  |  Study design and setting

This retrospective cohort study investigating the association be-
tween PI and oncological survival in patients with gastrointestinal 
cancer was conducted by the Clinical Trial Committee of the Japan 
Society of Surgical Infection. The current a priori planned study was 
performed using CRC surgery cohorts at 16 centers, namely 13 uni-
versity hospitals and three general hospitals. The protocol for this 
study was approved by the Ethics Committee of Nippon Medical 
School Tama Nagayama Hospital (Approval No. 694), and the study 
conforms to the provisions of the Declaration of Helsinki. The need 

Methods: The Japan Society for Surgical Infection conducted a multicenter retro-
spective cohort study involving 1817 curative stage I/II/III CRC patients from April 
2013 to March 2015. Patients were divided into the No- PI group and the PI group. We 
examined the association between PI and oncological outcomes for cancer- specific 
survival (CSS) and overall survival (OS) using Cox proportional hazards models and 
propensity score matching.
Results: Two hundred and ninety- nine patients (16.5%) had PIs. The 5- year CSS and 
OS rates in the No- PI and PI groups were 92.8% and 87.6%, and 87.4% and 83.8%, re-
spectively. Both the Cox proportional hazards models and propensity score matching 
demonstrated a significantly worse prognosis in the PI group than that in the No- PI 
group for CSS (hazard ratio: 1.60; 95% confidence interval: 1.10- 2.34; P = .015 and 
P = .031, respectively) but not for OS. RI and the PI severity were not associated with 
oncological outcomes. The presence of PI abolished the survival benefit of adjuvant 
chemotherapy.
Conclusions: These results suggest that PI after curative CRC surgery is associated 
with impaired oncological outcomes. This survival disadvantage of PI was primarily 
derived from surgical site infection, not RI, and PI induced lower efficacy of adju-
vant chemotherapy. Strategies to prevent PI and implement appropriate postopera-
tive treatment may improve the quality of care and oncological outcomes in patients 
undergoing curative CRC surgery.
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to obtain written informed consent from the included patients was 
waived because of the retrospective nature of the study.

2.2  |  Eligibility

The inclusion criteria were as follows: (1) histologically proven path-
ological stage I/II/III CRC, and (2) open or laparoscopic curative pri-
mary tumor resection performed from April 1, 2013, to March 31, 
2015. Patients with more than one active cancer, missing and insuf-
ficient survival data, and short follow- up period of <6 months were 
excluded because these factors could interfere when investigating 
the direct association between PI and oncological survival. Data 
were collected for the following variables of interest: patient de-
mographics, tumor characteristics, preoperative blood test results, 
surgical procedures, presence of a stoma, operation time, blood loss 
volume, and adjuvant chemotherapy.

2.3  |  Definitions of PI

PI was defined as SSI and PI occurring with 30 postoperative days. 
SSI comprised superficial SSI, deep SSI, and organ/space SSI,13 and 
RI comprised respiratory tract infections, urinary tract infections, 
antibiotic- associated diarrhea, catheter- related bloodstream infec-
tions, drain infections, and bacteremia of unknown origin.14 PI se-
verity was categorized using the Clavien- Dindo (CD) system.15 In this 
study, we divided the patients into two groups for analysis: patients 
who developed PI (PI group) and those who did not (No- PI group).

2.4  |  Oncological outcomes

Cancer- specific survival (CSS) and overall survival (OS) were calcu-
lated from the date of surgery to the date of targeted cancer death 
and all- cause death, respectively. Postoperative cancer surveillance 
and the use of adjuvant therapy were based on the Japanese guide-
lines for the treatment of colorectal cancer in place during the study 
period.16

2.5  |  Statistics

Continuous variables are expressed as median with interquartile 
range. The two- tailed Student's t test and Mann- Whitney U test 
were used to compare continuous variables, and the χ2 test and 
Fisher's exact test were used to compare discrete variables. A P 
value of <.05 was considered statistically significant. Survival curves 
were created using Kaplan- Meier estimates, and the curves were 
compared using the log- rank test. Bonferroni's correction was ap-
plied to control for multiple comparisons. Univariate analysis, and 
multivariate analysis comprising variables with a P- value of <.05 in 
the univariate analysis, and Cox proportional hazards models were 

used to examine the association between the selected variables and 
CSS or OS. Propensity score matching (PSM) was conducted to bal-
ance the covariates and reduce the selection bias between the PI 
and No- PI groups. Possible variables were comprehensively selected 
for one- to- one PSM. All statistical analyses were performed using 
BellCurve for Excel (Social Survey Research Information Co., Tokyo, 
Japan) and R, version 3.1.0 (R Foundation for Statistical Computing, 
Vienna, Austria).

3  |  RESULTS

3.1  |  Patient characteristics

Data were collected for 1968 patients with CRC who underwent 
curative resection at the registered institutions. Among the 1968 
patients, 151 patients were excluded in accordance with the strict 
data screening process shown in Figure S1. Ultimately, 1817 pa-
tients were included and divided into the No- PI group (n = 1518; 
83.5%) and PI group (n = 299; 16.5%). The patients' characteris-
tics are shown in Table 1. Compared with the No- PI group, the PI 
group had statistically significant differences in the percentages of 
men and patients with rectal cancer; higher American Society of 
Anesthesiologists scores; higher rates of emergency surgery, open 
surgery, and stoma creation; longer operation times; higher blood 
loss volumes; higher blood transfusion rates; and lower preoperative 
albumin concentrations.

3.2  |  Details of the PIs

The details of the PIs are shown in Table 2. SSI and RI accounted 
for 13.7% and 3.5% of the PIs, respectively, and 0.7% of the cases 
were overlapping cases. Among SSIs, organ/space SSI accounted for 
6.9% of the cases, and the majority of these were cases with AL, 
which accounted for 5.7% of the cases. Superficial SSI accounting 
for 5.2% followed next. Among RIs, the most common was urinary 
tract infection accounting for 1.3% and pneumonia, catheter- related 
bloodstream infection, and antibiotic- associated diarrhea followed 
next (1.0%, 0.4%, and 0.4%, respectively).

3.3  |  PI and survival

The median follow- up periods in the No- PI and PI groups were 
62.7 (55.0- 76.5) months and 62.3 (48.2- 78.0) months, respectively. 
Kaplan- Meier curves for CSS and OS stratified by with or with-
out PI are shown in Figures 1A, S2A, respectively. The 5- year CSS 
and OS rates in the No- PI and PI groups were 92.8% and 87.6%, 
and 87.4% and 83.8%, respectively. The PI group had significantly 
worse survival compared with the No- PI group for both CSS and 
OS (P < .001 for both). In the multivariate Cox proportional haz-
ards models, laparoscopic surgery, advanced pathological stage, 
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adjuvant chemotherapy, and PI were significantly associated with 
poor CSS (hazard ratios: 0.49, 5.24, 0.60, and 1.60; 95% confidence 
intervals: 0.33- 0.71, 3.61- 7.61, 0.41- 0.88, and 1.10- 2.34; P values: 
<.001, <.001, .010, and .015; respectively) after adjusting for each 
patient characteristic. Age, sex, laparoscopic surgery, blood loss 
volume, and pathological stage were significantly associated with 
poor OS (hazard ratios: 1.03, 0.59, 0.64, 1.00, and 1.85; 95% con-
fidence intervals: 1.02- 1.04, 0.44- 0.78, 0.47- 0.87, 1.00- 1.00, and 
1.51- 2.27; P values: <.001, <.001, .005, .032, and <.001; respec-
tively) (Table 3).

The propensity score model variables were age, sex, American 
Society of Anesthesiologists score, laparoscopic surgery, tumor lo-
cation, and pathological stage. After PSM for the clinical and on-
cological factors, 292 balanced pairs were identified, and CSS and 
OS were analyzed. The PI group had significantly worse CSS com-
pared with the No- PI group (P = .031) (Figure 1B). In the OS analysis, 
the difference between the groups was not statistically significant 
(P = .303) (Figure S2B).

3.4  |  Type and severity of PI and survival

To investigate the survival impact by the type of PI, patients were 
divided into No- PI (n = 1518), SSI only (n = 236), RI only (n = 50), 

and SSI plus RI (n = 13) groups. Kaplan- Meier curves for CSS and OS 
stratified by the type of PI are shown in Figures 2, S3. The SSI only 
and SSI plus RI groups had significantly worse survival compared 
with that of the No- PI group in both the CSS and OS analyses; RI 
had no survival impact in both analyses. To investigate the survival 
impact by the PI severity, patients were divided into a PI with CD 
grade ≥ III group (n = 68) and a PI with CD grade < III group (n = 145). 
Patients with non- infectious complications were excluded to assess 
the effect of PI severity alone, in this analysis. The Kaplan- Meier 
curves for both groups for CSS and OS almost overlapped, and there 
were no significant differences between the groups (Figure S4A,B; 
CSS and OS, respectively).

3.5  |  The effect of pathological stage on survival 
with or without PI

The Kaplan- Meier curves for CSS and OS stratified by pathological 
stage are shown in Figures 3A- C, S5A- C, respectively. The frequen-
cies of PI for each pathological stage were 14.4% for stage I, 19.1% 
for stage II, and 22.6% for stage III. PI had a significant oncological 
impact for stage II and III patients in the CSS analyses, and for stage 
III patients in the OS analyses; no differences were seen for stage I 
patients in both analyses.

TA B L E  1  Patients' backgrounds in No- PI and PI groups

Variables No- PI (n = 1518) PI (n = 299) P value

Age (years)a 70 (62- 76) 68.0 (60- 76) .182

Sex (male: female) 823 (54.2): 695 (45.8) 187 (62.5): 112 (37.5) .009

Body mass index (kg/m2)a 22.5 (20.0- 24.8) 22.3 (19.7- 24.6) .320

Location (colon: rectum) (%) 1001 (65.9): 517 (34.1) 145 (48.5): 154 (51.5) <.001

Smoking (yes: no) (%) 405 (26.7)/1102 (72.6) 85 (28.4)/213 (71.2) .569

ASA score (I, II/III, IV) (%) 1356 (89.6)/158 (10.4) 249 (83.3)/50 (16.7) .003

Emergency surgery (yes: no) (%) 29 (1.9): 1488 (98.1) 16 (5.4): 283 (94.6) .002

Surgical approach (open: laparoscopic) (%) 275 (18.1): 1243 (81.9) 94 (31.4): 205 (68.6) <.001

Stoma creation (yes: no) (%) 219 (14.4): 1298 (85.6) 99 (33.1): 200 (66.9) <.001

Operation time (min)a 233 (184– 296) 273 (200– 393) <.001

Blood loss (ml)a 30 (5– 103) 90 (20– 319) <.001

Blood transfusion (yes: no) (%) 78 (5.1): 1440 (94.9) 43 (14.4): 256 (85.6) <.001

Lymph node dissection (D1, 2/D3)b (%) 435 (28.7)/1068 (70.4) 83 (27.8)/215 (71.9) .727

Pathological stage (I/II/III)c (%) 440 (29.0)/530 (34.9)/548 (36.1) 74 (24.7)/101 (33.8)/124 (41.5) .165

Adjuvant chemotherapy (yes: no) (%) 527 (34.7)/991 (65.3) 103 (34.4)/196 (65.6) .947

Preoperative blood exam

Hemoglobin (g/dL)a 12.7 (11.1- 14.0) 12.7 (11.0- 14.2) .993

Albumin (g/dL)a 4.1 (3.7- 4.4) 4.0 (3.5- 4.3) <.001

CEA (ng/mL)a 3.3 (2.1- 6.3) 4.1 (2.2- 9.2) .526

CA19- 9 (U/mL)a 9.9 (5.0- 20.1) 11.0 (5.8- 22.2) .262

Abbreviations: ASA, American Society of Anesthesiologists; CEA, carcinoembryonic antigen; PI, postoperative infections.
aMedian (interquartile range).
bJapanese Classification of Colorectal, Appendiceal, and Anal Carcinoma, 9th edition.
cUICC Cancer Staging Manual for Colorectal Cancer, 8th edition.
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3.6  |  Recurrence pattern according to PI

The total recurrence rate was significantly higher in the PI group than 
that in the No- PI group (23.75% vs 15.48%, respectively; P = .001). 
Among the various recurrence sites, the PI group had a significantly 
higher locoregional recurrence rate than that in the No- PI group 
(7.36% vs 4.35%, respectively; P = .038) (Table 4).

3.7  |  Influence of PI on the efficacy of adjuvant 
chemotherapy

To investigate the influence of PI on the efficacy of adjuvant chemo-
therapy, pathological stage III patients were divided into four groups 
according to PI and adjuvant chemotherapy. The Kaplan- Meier 
curves for CSS and OS in the four groups are shown in Figures 4, 
S6, respectively. Although adjuvant chemotherapy significantly 
improved CSS and OS in patients without PI, the presence of PI 
abolished the survival benefit. Additionally, the presence of PI still 
had a negative survival impact, even if adjuvant chemotherapy was 
administered.

4  |  DISCUSSION

This was a multi- institutional retrospective study comprising 1817 
patients with stage I- III CRC who underwent curative surgery. We 
demonstrated that patients with PI had a poor prognosis regarding 
CSS but not OS. This association was confirmed by multivariate Cox 
proportional hazard models and PSM. As additional findings, we 
showed that 1) RI had no negative oncological impact, 2) PI severity 
was not associated with oncological outcomes, 3) more advanced 
pathological stage had a greater negative oncological impact in the 
presence of PI, and 4) the presence of PI abolished the survival ben-
efit of adjuvant chemotherapy.

Among the varied incidences of PI worldwide, the Japanese 
retrospective survey data in 2015 reported that the PI incidence 
was 13.7% in colorectal surgery,14 which is consistent with the fre-
quency of 16.5% in this study. SSIs are receiving greater attention. 
The negative impact of SSIs on short- term outcomes, including lon-
ger hospital stays and increased medical costs, as well as the del-
eterious effects on oncological outcomes, especially regarding AL, 
are well- reported in curative CRC surgery.6– 8 However, several 

TA B L E  2  Details of postoperative infections

Types of complication Incidence

Overall postoperative infection (PI) 299 (16.5)

Surgical site infection (SSI) 249 (13.7)

Remote infection (RI) 63 (3.5)

SSI and RI (overlapped) 13 (0.7)

Details of SSI

Superficial SSI 95 (5.2)

Deep SSI 19 (1.0)

Organ/space SSI 125 (6.9)

Anastomotic leakage 104 (5.7)

Details of RI

Pneumonia 19 (1.0)

Urinary tract infection 24 (1.3)

Catheter- related bloodstream infection 8 (0.4)

Antibiotic- associated diarrhea 8 (0.4)

Drain infection 4 (0.2)

Bacteremia of unknown origin 7 (0.4)

Severity of all complicationsa

Clavien- Dindo grading ≧II 350 (19.3)

≧III 149 (8.2)

Note: The values are presented as n (%).
aIncluding both infectious and non- infectious complications.

F I G U R E  1  Kaplan- Meier curves for cancer- specific survival in all included patients (A) and propensity score matched patients (B) 
according to the presence or absence of postoperative infection
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studies showed heterogenous results.10– 12 A plausible reason for 
the discrepancies between study results is the long patient inclusion 
periods in previous studies, which affects the difference in treat-
ment efficacy for metastasized patients because of the dramatic 
improvements in chemotherapeutic and molecular- targeted agents 
over time. The current study included patients during only a 2- year 
period, which might eliminate the confounding effect of medical ad-
vances over time.

In contrast to SSI, RI after gastrointestinal surgery has not at-
tracted much research. The main cause of SSIs is intraoperative con-
tamination with bacteria, including intestinal flora and resident skin 
flora. However, most RIs are caused by cross- infection with bacterial 
contaminants in the hospital environment via the hands of medical 
staff.17 Studies reporting the epidemiology and influence of RIs on 
oncological outcomes are scarce. Niitsuma et al14 reported that the 
incidence of RI in Japanese digestive surgical patients was 3.7%, 
which is consistent with the result of 3.5% in our study of patients 
undergoing CRC surgery. These incidences were lower than those of 
reports in other countries,18,19 which could be because of the spe-
cific medical systems in Japan in which surgeons manage all aspects 
of perioperative patient care, including PI prevention and treatment. 
Although the reported incidences of PI are lower in the Japanese 
cohort, similar disadvantages regarding the length of hospital stay 
and medical costs associated with RI and SSI make it reasonable to 
comprehensively analyze the oncological impact of PI.

In the comparison of the PI and No- PI groups, the patients' 
backgrounds were potentially biased, as shown in Table 1. These 
background differences, such as sex, tumor location, and nutritional 
condition, could influence both PI occurrence and patient survival. 
Therefore, we performed both multivariate analyses and PSM to 
minimize potential bias and were able to conclude that PI had a 

negative oncological impact on CSS. However, the sub- analysis 
demonstrated that RI had no impact on both CSS and OS. Wide vari-
ations in the RI incidence and the small sample size in the RI cohort 
(n = 63) may have affected the sub- analysis, and a future larger- scale 
study is warranted.

The potential mechanism underlying impaired survival by PI may 
involve the production and activation of proinflammatory cytokines 
and mediators both locally and systemically, which has been shown 
to promote micrometastasis.20 Tsujimoto et al21 recently explored 
the finding that PI induced higher circulating hepatocyte growth 
factor concentrations, which was followed by tumor progression 
and metastasis via the hepatocyte growth factor/c- Met signaling 
pathway. Perego et al22 reported that stress- induced oxidized lipids 
can upregulate the fibroblast growth factor pathway in cancer cells, 
drive the reaction of dormant tumor cells, and promote the develop-
ment of metastasis. As additional possible mechanisms underlying 
impaired survival by PI, we speculated on the following: 1) the as-
sociation of PI with increased stage,23 which was also shown in this 
study; 2) delayed or canceled adjuvant chemotherapy;24 and 3) ab-
dominal implantation of intraluminal cancer cells in the case of AL.25

Although we defined PI as all postoperative infectious com-
plications regardless of the type, whose influences to systemic in-
flammatory responses and tumor immunity may differ, the negative 
prognostic impact of the mildest PI, namely superficial SSI, is skep-
tical. To investigate it, we performed additional analyses. Patients 
with superficial SSI only (excluding overlapped patients with other 
types of PI) had no significant impact on CSS compared with the 
No- PI group (P = .429) (Figure S7A). The PI (excluding superficial SSI) 
group a had significantly worse survival compared with the No- PI 
(including superficial SSI) group for CSS (P < .001) (Figure S7B). The 
hazard ratio in the univariate CSS analysis was larger than the hazard 

F I G U R E  2  Kaplan- Meier curve for 
cancer- specific survival according to the 
type of postoperative infection. *P < .05
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ratio in the comparison between the PI and the No- PI groups (2.414 
and 2.188, respectively). Taken together, the negative prognostic im-
pact of superficial SSI might be marginal, and PI excluding superficial 
SSI had an enhanced negative prognostic impact. Additionally, we 

compared CSS between patients with No- PI and organ/space SSI 
only. The analysis demonstrated a statistically significant difference 
between the groups (P = .001) (Figure S7C). Although the difference 
of direct comparison between patients with superficial SSI only and 

F I G U R E  3  Kaplan- Meier curves for cancer- specific survival in patients with pStage I (A), pStage II (B), pStage III (C) according to the 
presence or absence of postoperative infection

Recurrence site No- PI (n = 1518) PI (n = 299) P value

Total 235 (15.48) 71 (23.75) .001

Liver 85 (5.60) 20 (6.69) .497

Lung 50 (3.29) 13 (4.35) .386

Locoregional 66 (4.35) 22 (7.36) .038

Dissemination 25 (1.65) 9 (3.01) .156

Others 6 (0.40) 7 (2.34) .002

Interval to recurrence (days)a 400 (235- 819) 367 (185- 665) .282

Note: The values are presented as n (%).
aMedian (interquartile range).

TA B L E  4  Details of recurrence pattern 
according to postoperative infection
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organ/space SSI only was not statistically significant (P = .280), the 
negative prognostic impact on CCS might be at least equivalent or 
higher in organ/space SSI than that of superficial SSI.

Interestingly, our data demonstrated that the severity of PI 
did not affect the degree of negative oncological impact. Previous 
studies reported heterogenous results regarding this issue. Duraes 
et al26 reported that postoperative complications with higher CD 
grades had a greater negative impact on OS and relapse- free survival 
in CRC surgery. In contrast, Oh et al27 demonstrated no significant 
difference in disease- free survival between major (CD grade ≥ III) 
and minor postoperative complications (CD grade < III) in patients 
who underwent CRC surgery. A meta- analysis by McSorley et al28 
involving 1879 patients who underwent primary CRC surgery also 
reported that complication severity had no significant impact on 
disease- free survival. The underlying mechanism linking the sever-
ity of PI and oncological outcomes is not currently understood. The 
degree of exaggerated postoperative systemic inflammatory host 
responses after developing a PI, which could be a trigger for cancer 
progression followed by the development of recurrence, is not only 
dependent on the PI severity itself, but is also strongly dependent on 
the patient's anti- tumor immunological potential.29

Our results demonstrated that stoma creation was associated 
with PI occurrence and was identified as a prognostic factor for both 
CSS and OS in the univariate analyses, although these did not reach 
statistically significances in multivariate analyses. Stoma creation, 
which is a distinct procedure in CRC surgeries and is prone to be per-
formed in high- risk patients, could be a considerable confounding 
factor for oncological outcomes in CRC surgical patients. Therefore, 
future studies were warranted to clarify the negative oncological im-
pact focusing on stoma creation. This study demonstrated that pa-
tients with PI had significantly higher rates of total and locoregional 

recurrence. Substantial evidence reported that intraluminal viable 
cancer cells shed from the bowel may attach to stapling devices, re-
sulting in enhanced tumor dissemination in the event of AL or reop-
eration.30– 32 AL, which was the most frequent PI in this study, could 
induce extraluminal implantation and has the effect of upstaging the 
disease and increasing the locoregional recurrence rate.

Regarding adjuvant chemotherapy, the proportion of stage III pa-
tients who received adjuvant chemotherapy was significantly lower 
in the PI group than that in the No- PI group (63.7% vs 74.3%, respec-
tively; P = .020). Moreover, a significant delay in initiating adjuvant 
chemotherapy was observed in the PI group compared with the No- 
PI group in stage III patients (median [interquartile range]) (53 (40- 77) 
days vs 36 (29- 46) days, respectively; P < .001). This delay and the 
tumor- promoting inflammatory microenvironment induced by a PI 
could be the mechanism underlying the abolished survival benefit with 
adjuvant chemotherapy in patients with PI.33– 35 To improve oncolog-
ical outcomes in patients with PI, earlier implementation of adjuvant 
chemotherapy as well as intensive regimens should be considered.

Several limitations in this study warrant mention. This was a ret-
rospective cohort study; therefore, there might have been unmea-
surable confounding factors that could have influenced the study 
results, even though we tried to minimize bias using multivariate 
analysis and PSM. The protocol of this study did not define and re-
quire the criteria of surveillance program in each institute. However, 
since the participating institutions in this study were leading insti-
tutions in the Japan Society of Surgical Infection, we believe that a 
certain level of quality of the surveillance was ensured. As another 
limitation, detailed information regarding the regimens and the dose 
intensity of adjuvant chemotherapy was not available. Finally, the 
current study did not evaluate biological mechanisms or how they 
adversely affect PI and oncological outcomes.

F I G U R E  4  Kaplan- Meier curves for 
cancer- specific survival according to the 
presence or absence of postoperative 
infection and adjuvant chemotherapy. 
*P < .05
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In conclusion, this study indicated that PI after CRC surgery was 
associated with impaired oncological outcomes, ever after adjust-
ing for differences in the patients' backgrounds. This survival disad-
vantage of PI was primarily derived from SSI, not RI, and PI induced 
lower efficacy of adjuvant chemotherapy. However, the weak imple-
mentation of adjuvant chemotherapy, such as less intensive regimen 
and lower dose intensity than the standardized therapy, might be 
the plausible reason for the less oncological benefit of adjuvant che-
motherapy in patients with PI. Based on our findings, strategies to 
prevent PI and implement appropriate postoperative treatment may 
improve the quality of care and oncological outcomes in patients un-
dergoing curative CRC surgery.
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