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A B S T R A C T

Introduction: Anastomotic leakage is one of the most severe early complications after colorectal surgery, and it is
associated with a high reoperation rate-, and increased in short-term morbidity and mortality rates. It remains
unclear whether anastomotic leakage is associated with poor oncologic outcomes. The aim of this study was to
determine the impacts of anastomotic leakage on long-term oncologic outcomes, disease-free survival and
overall mortality in patients who underwent curative surgery for colorectal cancer.
Methods: This single-centre, retrospective, observational cohort study included patients who underwent curative
surgery for colorectal cancer between 2005 and 2015 and who had a primary anastomosis. Survival- and
multivariate cox regression analyses were performed to adjust for confounding.
Results: A total of 1984 patients had a primary anastomosis after surgery. The overall incidence of anastomotic
leakage was 7.5%; 19 patients were excluded because they were lost to follow-up. Of the remaining 1965
patients, 41 (2.1%) developed local recurrence associated with anastomotic leakage [adjusted hazard ratio
(HR)=2.25; 95% confidence interval (CI) 1.14–5.29; P=0.03]. Distant recurrence developed in 291(14.8%)
patients with no association with anastomotic leakage [adjusted HR=1.30 (95% CI: 0.85–1.97) P=0.23].
Anastomotic leakage was associated with increased long-term mortality [adjusted HR=1.69 (95% CI
1.32–2.18) P < 0.01]. Five year disease-free survival was significantly decreased in patients with anastomotic
leakage, (log rank test P < 0.01).
Conclusion: Anastomotic leakage was significantly associated with increased rates of local recurrence, disease
free-survival and overall mortality. Associations of anastomotic leakage with distant recurrence was not found.

1. Introduction

Anastomotic leakage (AL) is one of the most severe early compli-
cations after colorectal surgery. AL is associated with a high reoperation
rate, increases in the severity of short-term morbidity and mortality
rates, poor functional outcomes and higher healthcare costs [1–7]. In-
cidence rates of AL vary from 0.5 to 34% but are dependent on several
factors, such as tumour location (colon or rectum), type of operation,
and patient characteristics [4,8–10]. Another explanation for the broad
range of reported cases of AL is the wide variability in the definition of
AL. Some articles only included patients with symptomatic AL, whereas
other authors also included asymptomatic AL, the diagnosis of which
was based on radiologic findings. Because of the recent increase in

sphincter preserving surgery for rectal cancer, the likelihood of AL will
increase as well, and patients with a low anastomosis have a higher risk
of leakage [11–14]. In general, AL is related to poor prognosis. In the
literature, there have been conflicting studies of the oncologic outcomes
and long-term mortality in patients with AL after curative surgery for
colorectal carcinoma (CRC). Several studies have reported increased
rates of local tumour recurrence [15–23], while other studies have not
[24–30]. The relation with the occurrence of distant metastases has also
been studied. In these studies, contradictory results have been found
[9,21,22,30–32]. It remains unclear whether AL is associated with poor
oncologic outcomes. The aim of this study was to determine the impact
of AL on local recurrence and distant recurrence rates, -disease-free
survival and overall mortality in patients who underwent curative
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surgery for CRC.

2. Materials and methods

2.1. Database and definitions

This was a single-centre retrospective observational study with data
on eleven years of colorectal surgeries. We retrospectively reviewed all
of the patients who were treated between January 2005 and December
2015. Data regarding patients between 2005 and 2010 were pro-
spectively collected by the surgical team. Data from patients who un-
derwent surgery in our hospital because of colorectal cancer between
2011 and 2015 were retrieved at the National Cancer Registration
centre (Integraal Kanker Centrum Nederland, IKNL). Medical and de-
mographic data were ascertained from medical charts. Data regarding
surgery included the location of the tumour within the colon and/or
rectum, type of resection that was performed and surgical approach
(open or laparoscopic surgery). Laparoscopic surgery also included
robotic surgery. Pathology results were classified according to The TNM
classification, 5th edition [33]. Postoperative data consisted of surgical
complications, including anastomotic leakage, oncologic outcomes and
postoperative mortality. Anastomotic leakage was defined as commu-
nication between the intra- and extraluminal compartments, de-
termined by clinical evidence and/or confirmed by radiologic imaging.
Clinical evidence was based on symptomatic anastomotic leaks, defined
by the presence of peritonitis or fever (temperature greater than
38.5 °C), or the discharge of pus or faeces from the abdominal drain.
Clinical and/or biochemical suspicion (increased leucocytes and C-re-
active protein (CRP)) of anastomotic leakage led to early CT assess-
ment. Additionally, anastomotic dehiscences with leakage into the
peritoneum or pelvic cavity, leakage from the efferent or afferent limb
and anastomotic abscesses were also considered as anastomotic
leakage. Asymptomatic anastomotic leakage was considered when
leakage was assessed on CT-scan, without any relevant clinical symp-
toms or laboratory examination findings during the postoperative
course. The oncological outcome measures were local recurrence, dis-
tant recurrence, disease free survival and overall survival. All patients
with recurrent disease were confirmed histologically whenever pos-
sible, or otherwise by diagnostic imaging or surgery. Local recurrence
was defined as recurrent tumour growth intraabdominally or within the
pelvic cavity. Other tumour recurrence events were categorized as
distant recurrence, including peritoneal metastasis/carcinomatosis.
Disease-free survival was defined as the period from the date of curative
surgery to the date of detection of local recurrence and/or distant re-
currence, date of last follow-up or death. Overall survival was defined
as the time from the date of curative surgery to the date of death or last
follow-up. Date of death was confirmed using the social security num-
bers of patients in the Dutch Municipal Personal Records Database
(Gemeentelijkebasisadministratie persoonsgegevens, GBA with their
software program CompeT&TEindhoven). The follow-up strategies for
patients with and without anastomotic leakage were identical. Most of
the patients had a follow-up interval by the surgeon of three months
during the first year and every six months thereafter. Each follow-up
visit included a physical examination, measurement of the serum car-
cinoembryonic antigen (CEA), ultrasound of the abdomen and chest X-
ray. Chest CT, abdominopelvic CT, or positron emission tomography
(PET) were performed when there was high suspicion of recurrence of
disease on routine imaging studies with or without increased CEA le-
vels.

2.2. Inclusion and exclusion criteria

Patients were included if they underwent colorectal surgery for a
colorectal tumour between 2005 and 2015. Patients with appendix
carcinomas or pseudomyxoma peritonei (PMP) were excluded. Patients
who underwent palliative surgical procedures were also excluded.

Surgical procedures with permanent colostomy or no primary anasto-
mosis were excluded as well (Hartmann procedure, abdominoperineal
resection (APR) or transanal endoscopic microsurgery (TEM)).

2.3. Ethical approval

For ethical approval, we consulted the national institutional review
board Medical Research Ethics Committees United (MEC-U). Referring
to this study (reference number W17.073) confirmation was received
that the Medical Research Involving Human Subject Act (WMO) does
not apply; therefore, official approval of this study by the MEC-U was
not required under the WMO. We also consulted the institutional re-
view board of the Amphia Hospital (AMOA) and it confirmed that no
formal written waiver for the need of ethics approval was required,
because of the retrospective design of the study.

2.4. Statistics

The Kolmogorov-Smirnov test was used to define whether data was
normally distributed. Data are reported as means and SDs for normally
distributed data and medians and interquartile ranges (IQRs) for non
normally distributed data. We used the χ2 test to compare dichotomous
variables. Overall survival and disease free survival analyses were
performed with Kaplan-Meier curves between anastomotic leakage and
no anastomotic leakage. The log-rank test was used to test outcomes
between these two groups. Cox proportional hazard models were used
to estimate the independent effects of covariates on oncologic outcomes
and overall mortality measured by the adjusted hazard ratio (HR) with
a 95% confidence interval (CI). Variables that were statistically sig-
nificant in the univariate Cox regression and/or had clinical relevance
were included in the multivariate analysis. A two sided P-value less
than 0.05 was used to indicate statistical significance. All of the data
analyses were performed with the IBM SPSS statistics software pro-
gram, version 24.

3. Results

A total of 2703 patients underwent surgery for CRC between 2005
and 2015 in this cohort.After exclusion, 1984 patients were eligible
(73.4%) (Fig. 1). The overall incidence of AL was 148 out of 1984
patients (7.5%). Nineteen patients were lost to follow-up because of
emigration orfollow-up in another hospital. A total of 1965 patients
were included for the analysis. The median age was 70.0 years old (IQR
62–77), and the median follow-up time was 4.1 years (IQR 2.0–6.4)
years). The patient and clinical characteristics are shown in Table 1.

3.1. Disease recurrence

The overall local recurrence rate was 2.1% (41 of 1965) and the
overall distant recurrence ratewas 14.8% (291 of 1965). The incidence
of local recurrence at the end of follow-up was significantly higher in
the AL group compared to the no AL group (4.7% vs. 1.9%, P=0.019).
However, there was no significant difference in the incidence of distant
recurrence at the end of follow-up in the AL group (17.6% vs. 14.6%,
P= 0.326, Table 2). Local and distant recurrences were diagnosed in
twenty patients (1.0%), three patients in the AL group and seventeen
patients in the no AL group. The median time to diagnosis of local re-
currence was 1.1 years (IQR 0.7–2.1 years). The median time to diag-
nosis of distant recurrence was 1.1 year (IQR 0.6–2.2 years). No sig-
nificant difference was found in the median time to local recurrence in
the anastomotic leakage group compared to the group without ana-
stomotic leakage (1.1 years (IQR 0.7–1.8) vs. 1.0 year (IQR -0.7–2.3),
P= 0.86). Likewise, no significant difference was found in the median
time to distant recurrence in the anastomotic leakage group compared
to the group without anastomotic leakage (0.5 year (IQR 0–1.1) vs. 0.4
year (IQR 0–1.4) P= 0.73). In the univariate analyses, Al was
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associated with local recurrence [HR=2.93 (95% CI: 1.30–6.60)
P=0.01](Fig. 2A), as confirmed in the multivariate analysis
[HR=2.25 (95% CI:1.14–5.29) P=0.03]. The only other covariate
that was a significant hazard for local recurrence was more advanced
tumour stage (Table 3). A total of 14 patients (9.5%) were defined as
asymptomatic and 134 patients developed symptomatic anastomotic
leakage (90.5%). One patient developed local recurrence in the
asymptomatic leakage group and six patients in the symptomatic ana-
stomotic leakage group (7.1% vs 4.5%). However no significant dif-
ference was found regarding the development of local recurrences be-
tween patients with asymptomatic and symptomatic anastomotic
leakage (P= 0.51). In contrast to local recurrence, no significant as-
sociation between AL and distant recurrence was found in either the
univariate [HR=1.40 (95% CI: 0.94–2.10) P=0.10](Fig. 2B)or mul-
tivariate analysis [HR=1.30 (95% CI: 0.85–1.97) P=0.23]. The
covariates with significant influences on distant recurrence were age,
tumour stage and bowel obstruction (Table 3). For patients with rectal
cancer, receiving neoadjuvant therapy was associated with significant
reduction in local recurrence rates in both the univariate analyses
[HR=0.44 (95% CI: 0.21–0.85) P < 0.01], and the multivariate
analyses [HR=0.62 (95% CI: 0.41–0.92) P= 0.02].

3.2. Disease-free survival and overall survival

Five-year overall survival was significantly decreased in patients
with AL after surgery, compared to patients without AL (57.4% vs.
72.0% respectively P < 0.01(Fig. 3). The 30-day mortality was sig-
nificant higher in the anastomotic leakage group compared to the group
without anastomotic leakage (8.8% vs 2.5% P < 0.001). This sig-
nificant difference even increases when the 60-day mortality was in-
vestigated (17.6% vs. 2.8% P < 0.00001). Similarly, the five year
disease-free survival rate was significantly lower in patients with AL

(48.0% vs 64.1% P < 0.01, (Fig. 4)). AL was significantly associated
with increased overall mortality [HR=1.69 (95% CI: 1.32–2.18)
P < 0.01]. Covariates that also reached statistical significance were
age, ASA-classification, type of surgical procedure, surgical approach,
tumour stage and bowel obstruction (Table 3). Local recurrence
[HR=1.93 (95% CI: 1.11–3.36) P= 0.02], distant recurrence
[HR=2.53 (95% CI: 1.52–4.21) P < 0.01], and both local and distant
recurrence [HR=2.91 (95% CI 2.39–3.53) P < 0.01] after anasto-
motic leakage were significantly associated with impaired overall
mortality in the multivariate analyses compared to patients without any
type of disease recurrence (Fig. 5).

Fig. 1. Flow-chart of included patients.

Table 1
Patient and clinical characteristics of colorectal cancer patients who underwent
surgery.

Anastomotic leakage No anastomotic leakage

N=1965 148 (7.5%) 1817 (92.5%)
Gender
Male 96 (64.9%) 1005 (55.3%)
Female 52 (35.1%) 812 (44.7%)
Median age in years (IQR) 69 (63–77) 70 (62–77)

Co-morbidity
ASA-I 12 (8.1%) 212 (11.7%)
ASA-II 82 (55.4%) 966 (53.1%)
ASA-III 52 (35.2%) 607 (33.4%)
ASA-IV 2 (1.3%) 32 (1.8%)

Tumour stadium (UICC)
Stage I 25 (16.9%) 398 (21.9%)
Stage II 58 (39.2%) 659 (36.3%)
Stage III 43 (29.1%) 559 (30.8%)
Stage IV 19 (12.8%) 172 (9.4%)
Missing 3 (2.0%) 29 (1.6%)

Tumour location
Colon 114 (77%) 1341 (73.8%)
Rectum 34 (23%) 476 (26.2%)

Surgical procedure
Ileocaecal resection 2 (1.4%) 34 (1.9%)
Right hemicolectomy 46 (31.1%) 669 (36.8%)
Left hemicolectomy 19 (12.8%) 148 (8.1%)
Transverse colectomy 7 (4.7%) 54 (3.0%)
Sigmoidal resection 32 (21.6%) 309 (17.0%)
Low anterior resection 36 (24.3%) 572 (31.5%)
(Sub)total colectomy 6 (4.1%) 31 (1.7%)

Bowel obstruction
Yes 16 (10.8%) 170 (9.4%)
No 132 (89.2%) 1647 (90.6%)

Surgical approach
Open surgery 88 (59.5%) 952 (52.4%)
Laparoscopic surgery 52 (35.1%) 762 (41.9%)
Conversion 8 (5.4%) 103 (5.7%)

Additional therapy
Neoadjuvant therapy 28 (19.9%) 344 (18.9%)
Adjuvant chemotherapy 39 (26.4%) 464 (25.5%)

ASA: American society of anesthesiologists.
UICC: Union for International Cancer Control.

Table 2
Numbers of patients with local recurrence and distant metastases.

Anastomotic
leakage

No anastomotic
leakage

P-value

N=1965 148 (7.5%) 1817 (92.5%)
Local recurrence
Present 7 (4.7%) 34 (1.9%) 0.019
Absent 141 (95.3%) 1783 (98.1%)

Systemic recurrence
Synchronous metastasis 18 (12.2%) 192 (10.6%)
Present after surgery for
CRC

26 (17.6%) 265 (14.6%) 0.326

Absent 104 (70.2%) 1360 (74.8%)
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4. Discussion

In this single-centre observational study, we determined the impact
of anastomotic leakage on localand distant recurrence and overall
survival in patients who underwent surgery for CRC. The principal

finding was that anastomotic leakage was associated with an increased
rate of local recurrence. However statistical significance was not found
between AL and an increased rate of distant metastases. Local recur-
rence, distant metastasis and patients with both local recurrence and
distant recurrence had an inferior impact on overall survival. That AL

Fig. 2. Kaplan Meier plots illustrating the association between AL and the rates of local recurrence (A. log rank test: P < 0.01) and distant recurrence (B. log rank
test: P=0.10) in patients after curative surgery for CRC. (Green line: AL group, Blue line: no AL group).

Table 3
Multivariate Cox Regression analyses of local recurrence, distant recurrence and overall mortality na: not applicalbe Comorbidity scale: American Society of
Anesthesiologists (ASA) Tumour stadium scale: Union for International Cancer Control.

Local recurrence Distant recurrence Overall mortality

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

Anastomotic Leakage 0.03 0.23 < 0.01
No 1.00 1.00 1.00
Yes 2.25 1.14 – 5.29 1.30 0.85 – 1.97 1.69 1.32 – 2.18

Sex 0.54 0.41 0.12
Female 1.00 1.00 1.00
Male 0.82 0.43 – 1.57 0.90 0.71 – 1.15 0.88 0.75 – 1.03

Age group (years) 0.89 0.03 < 0.01
≤ 70 1.00 1.00 1.00
71-79 0.84 0.40 – 1.77 0.64 0.67 0.52 – 0.92 0.01 1.55 1.29 – 1.87 < 0.01
≥ 80 0.97 0.36 – 2.58 0.95 0.74 0.50 – 1.10 0.14 2.76 2.23 – 3.42 < 0.01

Comorbidity 0.46 0.18 < 0.01
ASA I 1.00 1.00 1.00
ASA II 2.15 0.50 – 9.32 0.31 1.28 0.86 – 1.91 0.22 1.49 1.06 – 2.08 0.02
ASA III 3.10 0.68 – 14.04 0.14 1.40 0.91 – 2.17 0.13 2.56 1.81 – 3.62 < 0.01
ASA IV na 2.80 1.05 – 7.46 0.04 4.81 2.86 – 8.01 < 0.01

Tumour location 0.85 0.11 0.64
Colon 1.00 1.00 1.00
Rectal 1.12 0.37 – 3.32 1.40 0.93 – 2.12 1.07 0.80 – 1.43

Surgical procedure 0.63 0.15 < 0.01
Left hemicolectomy 1.00 1.00 1.00
Ileocecal resection 2.79 0.46 – 17.03 0.27 2.11 0.98 – 4.53 0.06 1.56 0.95 – 2.56 0.08
Right hemicolectomy 1.54 0.44 – 5.36 0.50 1.51 0.94 – 2.43 0.09 1.70 1.25 – 2.32 < 0.01
Transverse resection 0.75 0.08 – 7.42 0.81 0.50 0.15 – 1.68 0.26 0.91 0.54 – 1.52 0.71
Sigmoidal resection 1.35 0.34 – 5.34 0.67 1.27 0.75 – 2.13 0.37 1.26 0.89 – 1.79 0.19
Low anterior resection (Sub)total colectomy 1.14 0.24 – 5.48 0.87 1.23 0.68 – 2.22 0.48 1.43 0.96 – 2.13 0.08

3.49 0.65 – 18.6 0.14 1.90 0.87 – 4.13 0.11 1.40 0.76 – 2.58 0.28
Surgical approach 0.19 0.22 < 0.01
Open 1.00 1.00 1.00
Minimally invasive 0.47 0.21 – 1.08 0.07 0.83 0.63 – 1.10 0.18 0.73 0.61 – 0.89 < 0.01
Converted 0.64 0.15 – 2.76 0.55 1.20 0.76 – 1.89 0.44 1.15 0.84 – 1.59 0.38

Tumour stage (UICC) < 0.01 < 0.01 < 0.01
Stage I 1.00 1.00 1.00
Stage II 4.82 0.61 – 38.39 0.14 2.28 1.43 – 3.65 < 0.01 1.47 1.14 – 1.89 < 0.01
Stage III 6.49 1.97 – 10.02 < 0.01 6.27 4.04 – 9.72 < 0.01 2.08 1.62 – 2.67 < 0.01
Stage IV 8.47 3.13 – 14.76 < 0.01 * 6.09 4.59 – 8.09 < 0.01

Bowel obstruction 0.64 < 0.01 < 0.01
No 1.00 1.00 1.00
Yes 1.24 0.50 – 3.08 1.79 1.26 – 2.55 1.79 1.44 – 2.27

* no analysis was performed for patients with distant metastases at the time of surgery for colorectal cancer (M1).
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after curative surgery for CRC was associated with increased rates of
local recurrence and the lack of association between AL and distant
recurrence, are in agreement with three recently published meta-ana-
lyses [9,22,34]. However, Lu et al. only included articles on AL after
rectal carcinoma, while Ha et al. and Mirnezami et al. included articles
on both colonic and rectal cancer. However, Mirnezami et al. dis-
tinguished between colon and rectal anastomosis, and both were as-
sociated with increased rates of local recurrence. Ha et al. provided a
comprehensive updated literature review of local and distant recur-
rence rates and survival after AL in these patients. They found reduced
overall and disease-free survival, similar to our survival results. They
performed additional subgroup analyses to assess oncological out-
comes. Differences in oncological outcomes were identified in patients
who received colon or rectal anastomoses, a distinction we did not

make. Concerning distant metastases after AL,a difference was found
but was not significant. Nevertheless, the analyses did demonstrate a
non-significant trend towards an increased rate of distant metastases
after AL. A large Danish multi-centre study with data merged from three
different population-based national registers did find a significantly
increased rate of distant metastases after AL [HR=1.42 (95% CI:
1.13–1.78 P=0.003)] [30]. Interestingly, they found no significant
association between AL and increased local recurrence, which was
completely the opposite of our results and the three forementioned
meta-analyses. This study by Krarup et al. was one of the limited stu-
dies, which only evaluated AL after surgery for colonic carcinoma.
Based on the results of Krarup et al., it is understandable to suspect
there is an association between AL and developing distant metastasis.
The Danish study had a larger study population than our cohort study
and therefore more power to attain statistical significance. This could
be precedent for a multicentre Dutch cohort study with sufficient pa-
tients to attain this power and possibly the same outcomes. Another
subtle dissimilarity between our results and to those of Krarup et al.
could lie in the definition of recurrence. In our cohort, patients with
both local and distant recurrence were included in both the local re-
currence and distant recurrence groups. In agreement with the classi-
fication of Goto et al. The Danish cohort of 8589 included patients
defined patients with both local and distant recurrence as distant re-
currence, leading to an underestimation of the local recurrence rate.
The pathophysiology of developing local and distant recurrence after
AL for CRC remains unclear, but several mechanisms have been re-
ported. Microperforation before or during surgery could occur, which
has been associated with significant higher local recurrence rates
[35,36]. Vital malignant cells have been detected intraluminally and on
staple and suture lines during surgery. In vitro and experimental animal
studies have shown growth of these cells and their ability to metastasize
[37–41]. These findings combined might explain cellular levels caused
to AL leading to extra-luminal infiltration of exfoliated malignant cells
from intraluminally. Moreover, after AL has occurred, it will slow the
healing process of the mucosa which is a gateway for intraluminally

Fig. 3. Overall survival in patients with (green line) and without AL (blue line)
after curative surgery for CRC (log rank test: P < 0.01).

Fig. 4. 5 Year disease free survival in patients with AL (green line) and without
AL (blue line) after curative surgery for CRC (log rank test: P < 0.01).

Fig. 5. Kaplan-Meier plots illustrating overall mortality in patients after cura-
tive surgery for colorectal cancer. Mortality was increased in patients with local
recurrence, distant metastases and patients with both local recurrence and
distant metastases (P < 0.01).
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viable tumour cells to implant in the peritoneum or pelvis, with a
higher risk for developing local recurrence [42,43]. Another and related
explanation of the pathway from AL to cancer recurrence is the role of
inflammation. Abdominal sepsis extends the inflammatory response
from acute to chronic, leading to continued exposure of proin-
flammatory biomarkers associated with tumour proliferation and evo-
lution to distant metastasis [44–48]. Two studies have even proved that
extensive systemic inflammatory responses with significant elevated C-
reactive protein (CRP) and other stress markers are independent pre-
dictors of higher recurrence rates and impaired disease-free survival in
patients with CRC [49,50]. In mouse models, Bohle et al. proved that
postoperative intra-abdominal bacterial infection stimulates Neoan-
giogenesis, resulting in a higher likelihood of disease recurrence [51].
In contrast to rectal cancer, colon cancer is known for lower local re-
currence rates, which might be explained by colon cancer remaining
undiagnosed until symptomatic systemic metastases develop [52]. A
more surgery related explanation could be that margins for resection of
colonic cancer are more radical than the margins for rectal cancer. Vital
tumour cells located elsewhere in the lumen of the bowel than the
actual tumour might have been removed with the tumour specimens
[42]. The chance of local recurrence in patients having surgery for
colonic cancer is therefore lower than for patient who had surgery for
rectal cancer. Clearly, there were several limitations of the present
study. First and foremost was the retrospective design of this cohort
study, although we strived to reduce this bias with a multivariate Cox
regression analysis. Second, we did not make a distinction of AL be-
tween patients with colon and rectal cancer.In the current literature
opposing results could have been reported because of inconsistencies in
the use of the definitions of anastomotic leakage, which could explain
these discrepancies. Like Hain et al. we distinguished asymptomatic
from symptomatic anastomotic leakage. However, in contrast to the
study of Hain et al. no significant difference in local recurrence was
found. The dissimilarity between the results may be caused by the fact
that they only included patients with rectal cancer and we included
both colon and rectal cancer. Another explanation could be the high
incidence of anastomotic leakage in the French study (28%) [53]. A few
studies have distinguished between the severity in levels of anastomotic
leakage. The International Study Group of Rectal Cancer used a grading
system based on clinical management methods: no change in manage-
ment (grade A); active therapeutic intervention without re-laparotomy
(grade B); and re-laparotomy required (grade C) [54]. The only draw-
back of this classification Is that it is only usable after management has
been completed. Lim et al. introduced an anastomotic leakage classifi-
cation according to its clinical presentation: generalized peritonitis
(type I); localized peritonitis (type II); and fistula of the chronic sinus
(type III) [23]. Unfortunately, this classification has some overlap in
definitions between the several grades rendering it unreliable for
drawing conclusions. The initiative of the categorization of different
types of anastomotic leakage is certainly necessary for the differentia-
tion in the severity of this major complication and its oncological out-
comes. The literature has shown that there is evidence for increased
local recurrence rates in patients with anastomotic leakage after sur-
gery for CRC [HR=2.9 (95%CI: 1.78–4.71 P < 0.001)], [HR=1.3
(95%CI: 1.04–1.62 P < 0.05)] and [HR=1.9 (95%CI: 1.48–2.44
I2= 78%)], as summarized in the three aforementioned meta-analyses
[9,22,34]. In our study we showed that this finding was accompanied
by significantly impaired overall survival. Patients who survive ab-
dominal sepsis in the acute phase after anastomotic leakage are exposed
to a significant hazard of developing local recurrence. A logical possible
next step in acknowledging this problem would be to deliberate over
therapeutic options after anastomotic leakage to reduce this hazard.
Treating patients with adjuvant chemotherapy or radiation after ana-
stomotic leakage will raise many questions, especially on ethical
grounds, indicating that even patients with tumour stage I or II are
potential candidates for adjuvant therapy after anastomotic leakage,
while such therapy is initially not indicated in their pTNM stages. This

fact might be an incentive for the required future studies. However,
before this proposal could be investigated, there must be consensus and
recognition first of the increased hazard for local recurrence after
anastomotic leakage.

In conclusion, this study provided evidence that AL in patients after
surgery for CRC is associated with increased local recurrence rates.
Therefore, it will be crucial to strictly follow these patients. Further
research is required for minimize anastomotic leakage rates and
guidelines to treat and follow-up patients after anastomotic leakage to
improve oncologic outcomes. An association between anastomotic
leakage and distant recurrence was not found.

Disclosure

The authors have no financial or institutional interest to declare in
relation to the content of this article.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.suronc.2018.10.003.

References

[1] R. Kube, P. Mroczkowski, D. Granowski, F. Benedix, M. Sahm, U. Schmidt, et al.,
Anastomotic leakage after colon cancer surgery: a predictor of significant morbidity
and hospital mortality, and diminished tumour-free survival, Eur. J. Surg. Oncol. 36
(2010) 120–124.

[2] A.A. Khan, J.M. Wheeler, C. Cunningham, B. George, M. Kettlewell, N.J. Mortensen,
The management and outcome of anastomotic leaks in colorectal surgery,
Colorectal Dis. 10 (2008) 587–592.

[3] P. Matthiessen, O. Hallböök, J. Rutegård, R. Sjödahl, Population-based study of risk
factors for postoperative death after anterior resection of the rectum, Br. J. Surg. 93
(2006) 498–503.

[4] A. Nesbakken, K. Nygaard, O.C. Lunde, Outcome and late functional results after
anastomotic leakage following mesorectal excision for rectal cancer, Br. J. Surg. 88
(2001) 400–404.

[5] F. Marra, T. Steffen, N. Kalak, R. Warschkow, I. Tarantino, J. Lange, et al.,
Anastomotic leakage as a risk factor for the long-term outcome after curative re-
section of colon cancer, Eur. J. Surg. Oncol. 35 (2009) 1060–1064.

[6] J. Hammond, S. Lim, Y. Wan, X. Gao, A. Patkar, The burden of gastrointestinal
anastomotic leaks: an evaluation of clinical and economic outcomes, J. Gastrointest.
Surg. 18 (2014) 1176–1185.

[7] F.D. McDermott, A. Heeney, M.E. Kelly, R.J. Steele, G.L. Carlson, D.C. Winter,
Systematic review of preoperative, intraoperative and postoperative risk factors for
colorectal anastomotic leaks, Br. J. Surg. 102 (2015) 462–479.

[8] J. Bruce, Z.H. Krukowski, G. Al-Khairy, E.M. Russell, K.G. Park, Systematic review
of the definition and measurement of anastomotic leak after gastrointestinal sur-
gery, Br. J. Surg. 88 (2001) 1157–1168.

[9] A. Mirnezami, R. Mirnezami, K. Chandrakumaran, K. Sasapu, P. Sagar, P. Finan,
Increased local recurrence and reduced survival from colorectal cancer following
anastomotic leak: systematic review and meta-analysis, Ann. Surg. 253 (2011)
890–899.

[10] W.L. Law, H.K. Choi, Y.M. Lee, J.W. Ho, C.L. Seto, Anastomotic leakage is asso-
ciated with poor long-term outcome in patients after curative colorectal resection
for malignancy, J. Gastrointest. Surg. 11 (2007) 8–15.

[11] E. Rullier, C. Laurent, J.L. Garrelon, P. Michel, J. Saric, M. Parneix, Risk factors for
anastomotic leakage after resection of rectal cancer, Br. J. Surg. 85 (1998) 355–358.

[12] R.J. Heald, B.J. Moran, R.D. Ryall, R. Sexton, J.K. MacFarlane, Rectal cancer: the
Basingstoke experience of total mesorectal excision, 1978-1997, Arch. Surg. 133
(1998) 894–899.

[13] A. Vignali, V.W. Fazio, I.C. Lavery, J.W. Milsom, J.M. Church, T.L. Hull, et al.,
Factors associated with the occurrence of leaks in stapled rectal anastomoses: a
review of 1,014 patients, J. Am. Coll. Surg. 185 (1997) 105–113.

[14] P. Matthiessen, O. Hallböök, M. Andersson, J. Rutegård, R. Sjödahl, Risk factors for
anastomotic leakage after anterior resection of the rectum, Colorectal Dis. 6 (2004)
462–469.

[15] Y. Kulu, I. Tarantio, R. Warschkow, S. Kny, M. Schneider, B.M. Schmied, et al.,
Anastomotic leakage is associated with impaired overall and disease-free survival
after curative rectal cancer resection: a propensity score analysis, Ann. Surg. Oncol.
22 (2015) 2059–2067.

[16] J.D. Smith, P.B. Paty, J.G. Guillem, L.K. Temple, M.R. Weiser, G.M. Nash,
Anastomotic leak is not associated with oncologic outcome in patients undergoing
low anterior resection for rectal cancer, Ann. Surg. 256 (2012) 1034–1038.

[17] G. Branagan, D. Finnis, rognosis after anastomotic leakage in colorectal surgery,
Dis. Colon Rectum 48 (2005) 1021–1026.

[18] S.W. Bell, K.G. Walker, M.J. Rickard, G. Sinclair, O.F. Dent, P.H. Chapuis, et al.,
Anastomotic leakage after curative anterior resection results in a higher prevalence

W. Ramphal et al. Surgical Oncology 27 (2018) 730–736

735

https://doi.org/10.1016/j.suronc.2018.10.003
https://doi.org/10.1016/j.suronc.2018.10.003
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref1
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref1
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref1
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref1
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref2
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref2
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref2
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref3
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref3
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref3
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref4
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref4
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref4
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref5
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref5
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref5
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref6
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref6
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref6
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref7
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref7
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref7
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref8
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref8
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref8
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref9
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref9
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref9
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref9
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref10
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref10
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref10
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref11
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref11
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref12
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref12
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref12
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref13
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref13
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref13
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref14
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref14
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref14
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref15
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref15
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref15
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref15
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref16
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref16
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref16
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref17
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref17
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref18
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref18


of local recurrence, Br. J. Surg. 90 (2003) 1261–1266.
[19] S. Petersen, M. Freitag, G. Hellmich, K. Ludwig, Anastomotic leakage: impact on

local recurrence and survival in surgery of colorectal cancer, Int. J. Colorectal Dis.
13 (1998) 160–163.

[20] E. Hain, L. Maggiori, G. Manceau, C. Mongin, J. Prost À la Denise, Y. Panis,
Oncological impact of anastomotic leakage after laparoscopic mesorectal excision,
Br. J. Surg. 104 (2017) 288–295.

[21] S. Goto, S. Hasegawa, K. Hida, R. Uozumi, Y. Kanemitsu, T. Watanabe, et al.,
Multicenter analysis of impact of anastomotic leakage on long-term oncologic
outcomes after curative resection of colon cancer, Surgery 162 (2017) 317–324.

[22] Z.R. Lu, N. Rajendran, A.C. Lynch, A.G. Heriot, S.K. Warrier, Anastomotic leaks
after restorative resections for rectal cancer compromise cancer outcomes and
survival, Dis. Colon Rectum 59 (2016) 236–244.

[23] S.B. Lim, C.S. Yu, C.W. Kim, Y.S. Yoon, I.J. Park, J.C. Kim, The types of anastomotic
leakage that develop following anterior resection for rectal cancer demonstrate
distinct characteristics and oncologic outcomes, Int. J. Colorectal Dis. 30 (2015)
1533–1540.

[24] S.M. Ebinger, R. Warschkow, I. Tarantino, B.M. Schmied, L. Marti, Anastomotic
leakage after curative rectal cancer resection has no impact on long-term survival: a
propensity score analysis, Int. J. Colorectal Dis. 30 (2015) 1667–1675.

[25] F. Jörgren, R. Johansson, L. Damber, G. Lindmark, Anastomotic leakage after sur-
gery for rectal cancer: a risk factor for local recurrence, distant metastasis and re-
duced cancer-specific survival? Colorectal Dis. 13 (2011) 272–283.

[26] C.A. Bertelsen, A.H. Andreasen, T. Jørgensen, H. Harling, Danish Colorectal Cancer
Group. Anastomotic leakage after curative anterior resection for rectal cancer: short
and long-term outcome, Colorectal Dis. 12 (2010) e76–e81.

[27] M. den Dulk, C.A. Marijnen, L. Collette, H. Putter, L. Påhlman, J. Folkesson, et al.,
Multicentre analysis of oncological and survival outcomes following anastomotic
leakage after rectal cancer surgery, Br. J. Surg. 96 (2009) 1066–1075.

[28] J.M. Eberhardt, R.P. Kiran, I.C. Lavery, The impact of anastomotic leak and intra-
abdominal abscess on cancer-related outcomes after resection for colorectal cancer:
a case control study, Dis. Colon Rectum 52 (2009) 380–386.

[29] S. Nachiappan, A. Askari, G. Malietzis, M. Giacometti, I. White, J.T. Jenkins, et al.,
The impact of anastomotic leak and its treatment on cancer recurrence and survival
following elective colorectal cancer resection, World J. Surg. 39 (2015) 1052–1058.

[30] P.M. Krarup, A. Nordholm-Carstensen, L.N. Jorgensen, H. Harling, Anastomotic
leak increases distant recurrence and long-term mortality after curative resection
for colonic cancer: a nationwide cohort study, Ann. Surg. 259 (2014) 930–938.

[31] S. Wang, J. Liu, S. Wang, H. Zhao, S. Ge, W. Wang, Adverse effects of anastomotic
leakage on local recurrence and survival after curative anterior resection for rectal
cancer: a systematic review and meta-analysis, World J. Surg. 41 (2017) 277–284.

[32] G.T. Noh, Y.S. Ann, C. Cheong, J. Han, M.S. Cho, H. Hur, et al., Impact of anasto-
motic leakage on long-term oncologic outcome and its related factors in rectal
cancer, Medicine 95 (2016) e4367.

[33] National Collaborating Centre for Cancer (UK). Colorectal cancer: the diagnosis and
management of colorectal cancer. http://www.ncbi.nlm.nih.gov/books/
NBK116633/.

[34] G.W. Ha, J.H. Kim, M.R. Lee, Oncologic impact of anastomotic leakage following
colorectal cancer surgery: a systematic review and meta-analysis, Ann. Surg. Oncol.
24 (2017) 3289–3299.

[35] C.A. Slanetz Jr., The effect of inadvertent intraoperative perforation on survival and

recurrence in colorectal cancer, Dis. Colon Rectum 27 (1984) 792–797.
[36] M.T. Eriksen, A. Wibe, A. Syse, J. Haffner, J.N. Wiig, Norwegian Rectal Cancer

Group, et al., Inadvertent perforation during rectal cancer resection in Norway, Br.
J. Surg. 91 (2004) 210–216.

[37] H.C. Umpleby, B. Fermor, M.O. Symes, R.C. Williamson, Viability of exfoliated
colorectal carcinoma cells, Br. J. Surg. 71 (1984) 659–663.

[38] M.O. Symes, B. Fermor, H.C. Umpleby, C.R. Tribe, R.C. Williamson, Cells exfoliated
from colorectal cancers can proliferate in immune deprived mice, Br J Cancer 50
(1984) 423–425.

[39] B. Fermor, H.C. Umpleby, J.V. Lever, M.O. Symes, R.C. Williamson, Proliferative
and metastatic potential of exfoliated colorectal cancer cells, J Natl Cancer Inst 76
(1986) 347–349.

[40] P. Gertsch, H.U. Baer, R. Kraft, G.J. Maddern, H.J. Altermatt, Malignant cells are
collected on circular staplers, Dis. Colon Rectum 35 (1992) 238–241.

[41] P.M. van den Tol, E.E. van Rossen, C.H. van Eijck, F. Bonthuis, R.L. Marquet,
H. Jeekel, Reduction of peritoneal trauma by using nonsurgical gauze leads to less
implantation metastasis of spilled tumor cells, Ann. Surg. 227 (1998) 242–248.

[42] D. Skipper, A.J. Cooper, J.E. Marston, I. Taylor, Exfoliated cells and in vitro growth
in colorectal cancer, Br. J. Surg. 74 (1987) 1049–1052.

[43] S. Baskaranathan, J. Philips, P. McCredden, M.J. Solomon, Free colorectal cancer
cells on the peritoneal surface: correlation with pathologic variables and survival,
Dis. Colon Rectum 47 (2004) 2076–2079.

[44] B.B. Aggarwal, R.V. Vijayalekshmi, B. Sung, Targeting inflammatory pathways for
prevention and therapy of cancer: short-term friend, long-term foe, Clin Cancer Res
15 (2009) 425–430.

[45] Y. Wu, B.P. Zhou, Inflammation: a driving force speeds cancer metastasis, Cell Cycle
8 (2009) 3267–3273.

[46] A. Mantovani, P. Allavena, A. Sica, F. Balkwill, Cancer-related inflammation,
Nature 454 (2008) 436–444.

[47] M. Karin, Nuclear factor-kappaB in cancer development and progression, Nature
441 (2006) 431–436.

[48] L.M. Coussens, Z. Werb, Inflammation and cancer, Nature 420 (2002) 860–867.
[49] D.C. McMillan, K. Canna, C.S. McArdle, Systemic inflammatory response predicts

survival following curative resection of colorectal cancer, Br. J. Surg. 90 (2003)
215–219.

[50] K. Canna, D.C. McMillan, R.F. McKee, A.M. McNicol, P.G. Horgan, C.S. McArdle,
Evaluation of a cumulative prognostic score based on the systemic inflammatory
response in patients undergoing potentially curative surgery for colorectal cancer,
Br J Cancer 90 (2004) 1707–1709.

[51] B. Bohle, M. Pera, M. Pascual, S. Alonso, X. Mayol, M. Salvado, et al., Postoperative
intra-abdominal infection increases angiogenesis and tumor recurrence after sur-
gical excision of colon cancer in mice, Surgery 147 (2010) 120–126.

[52] A.M. Abulafi, N.S. Williams, Local recurrence of colorectal cancer: the problem,
mechanisms, management and adjuvant therapy, Br. J. Surg. 81 (1994) 7–19.

[53] E. Hain, L. Maggiori, G. Manceau, C. Mongin, J. Prost à la Denise, Y. Panis,
Oncological impact of anastomotic leakage after laparoscopic mesorectal excision,
Br. J. Surg. 104 (2017) 288–295.

[54] N.N. Rahbari, J. Weitz, W. Hohenberger, R.J. Heald, B. Moran, A. Ulrich, et al.,
Definition and grading of anastomotic leakage following anterior resection of the
rectum: a proposal by the International Study Group of Rectal Cancer, Surgery 147
(2010) 339–351.

W. Ramphal et al. Surgical Oncology 27 (2018) 730–736

736

http://refhub.elsevier.com/S0960-7404(18)30183-X/sref18
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref19
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref19
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref19
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref20
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref20
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref20
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref21
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref21
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref21
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref22
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref22
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref22
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref23
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref23
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref23
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref23
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref24
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref24
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref24
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref25
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref25
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref25
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref26
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref26
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref26
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref27
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref27
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref27
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref28
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref28
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref28
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref29
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref29
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref29
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref30
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref30
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref30
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref31
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref31
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref31
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref32
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref32
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref32
http://www.ncbi.nlm.nih.gov/books/NBK116633/
http://www.ncbi.nlm.nih.gov/books/NBK116633/
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref34
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref34
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref34
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref35
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref35
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref36
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref36
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref36
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref37
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref37
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref38
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref38
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref38
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref39
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref39
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref39
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref40
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref40
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref41
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref41
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref41
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref42
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref42
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref43
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref43
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref43
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref44
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref44
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref44
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref45
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref45
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref46
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref46
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref47
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref47
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref48
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref49
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref49
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref49
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref50
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref50
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref50
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref50
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref51
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref51
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref51
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref52
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref52
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref53
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref53
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref53
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref54
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref54
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref54
http://refhub.elsevier.com/S0960-7404(18)30183-X/sref54

	Oncologic outcome and recurrence rate following anastomotic leakage after curative resection for colorectal cancer
	Introduction
	Materials and methods
	Database and definitions
	Inclusion and exclusion criteria
	Ethical approval
	Statistics

	Results
	Disease recurrence
	Disease-free survival and overall survival

	Discussion
	Disclosure
	Supplementary data
	References




