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Abstract
Purpose Anastomotic leakage (AL) is a severe and frequent
complication of rectal cancer resection, with an incidence rate
of approximately 9 %. Although the impact of AL on morbid-
ity and short-termmortality has been established, the literature
is contradictory regarding its influence on long-term, cancer-
specific survival. The present investigation assessed the long-
term survival of 584 patients with stage I–III rectal cancer.
Methods The 10-year overall survival and cancer-specific sur-
vival were analyzed in 584 patients from a single tertiary
center. All patients had undergone curative rectal cancer re-
section between 1991 and 2010. Patients with and without AL
were compared using both a multivariate Cox hazards model
and propensity score analysis.
Results A total of 64 patients developed AL (11.0 %, 95 %
confidence interval (CI)=8.7 to 13.8 %). The median follow-
up was 5.2 years for all patients; and 7.4 years for patients still
alive at the end of the investigated period. AL did persistently
not impair cancer-specific survival based on unadjusted Cox
regression (hazard ratio of death (HR)=1.27, 95%CI=0.65 to
2.48, P=0.489); risk-adjusted Cox regression (HR=1.10,

95 % CI=0.54 to 2.20, P=0.799); and propensity score
matching (HR=1.18, 95 % CI=0.57 to 2.43, P=0.660).
Conclusions Based on the present propensity score analysis,
the oncologic outcomes in patients undergoing curative rectal
cancer resections were not impaired by the development of
anastomotic leakage.
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Introduction

Oncologic outcomes after curative rectal cancer resections are
evidently influenced by several tumor- and patient-specific
characteristics, such as a higher pT stage, a worse tumor dif-
ferentiation, and an older age [1–3], most of which are not
controllable. Whether anastomotic leakage (AL), a major
and feared complication of rectal surgery, can be added to
these determinants remains a matter of debate. Meanwhile, it
has been shown that AL is one of the major causes of morbid-
ity and short-term mortality resulting from rectal cancer resec-
tions [4, 5]. However, studies are contradictory with respect to
long-term and cancer-specific survival. A recent multicenter
study pooling data from five randomized clinical trials found
an impaired overall survival after AL, whereas the cancer-
specific survival was not significantly reduced [6]. In contrast
to these findings, a recent meta-analysis of 21 trials concluded
that local recurrence and cancer-specific survival were both
negatively associated with AL [7]. One reason for this incon-
sistencymay be that retrospective analysis, unlike randomized
clinical trials (RCTs), carries the risk of selection bias (sam-
pling bias). In the present case, the two groups of patients with
and without AL could have exhibited different distributions of
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confounding variables (omitted variable bias). In other words,
the variables that are risk factors for AL, including pre-
existing vascular disease, intra- and postoperative blood sub-
stitution, and more advanced UICC stage [8], may also be risk
factors for diminished oncologic outcome.

When adjusting for these potential confounders, propensity
score matching (PSM) is a better statistical method than the
typically applied multivariate Cox proportional hazards mod-
el, as the former can reduce selection bias by simulating ran-
domization. This approach creates a sample of patients with
AL that is comparable, with respect to all the observed covar-
iates, to a sample of patients without AL.

Because the reported incidence of AL is as high as 3–33 %
[7], it is of utmost importance to clarify the correlation be-
tween AL and oncologic outcomes. A positive correlation
would influence the follow-up and treatment decisions made
by clinicians. The aim of the present retrospective study was
to answer this question.

Patients and methods

The present retrospective study was based on the colorectal
database of the authors’ institution, one of the largest tertiary
care centers in Switzerland. Using this valuable database, our
research group previously assessed risk factors for AL, as well
as the impact of the preoperative carcinoembryonic antigen
(CEA) level and blood substitution on survival after rectal
cancer resection [8]. Overall, 918 patients undergoing open
rectal cancer resection between January 1991 and December
2010 were identified. Patients who received no anastomosis
due to undergoing Hartman’s or abdominoperineal resection
(N=88), dying intraoperatively (N=1), or undergoing
transanal resection (N=25) were excluded, as were patients
with distant metastases at the time of operation (N=157), pa-
tients not undergoing elective surgery (N=33), patients with
incomplete tumor resections (N=7), and patients lost to
follow-up (N=12). In-hospital mortality occurred in 11 of
the remaining 595 patients (1.8 %, 95 % confidence interval
[CI]=1.0 to 3.3 %), who were also excluded. Two of the 66
patients with AL, compared with 9 of the 529 patients without
anastomotic leakage, died in-hospital during the study period
(3.0 vs. 1.7 %, P=0.450). A total of 584 patients were ulti-
mately enrolled for further analyses (Fig. 1).

Data collection and definitions

Data on the patients’ characteristics and outcomes were
ascertained retrospectively from medical charts. The follow-up
for the first five postoperative years was performed according to
the national guidelines for colorectal cancer. Thereafter, the pa-
tients and their general practitioners were contacted by mail and
telephone to obtain information regarding their survival status. If

no information was available, the local residents’ registration
offices were contacted to achieve the most complete follow-up
possible. Follow-up was completed in 2012.

Tumor height was defined as the distance between the tu-
mor and the anal verge and was calculated based on the results
of rigid rectosigmoidoscopy, endorectal sonography, magnetic
resonance imaging (MRI) scans, and colonoscopy. All opera-
tions were performed or supervised by experienced colorectal
surgeons. AL was defined as the presence of a pelvic abscess
near the anastomosis; proof of AL through an intestinal wall
defect by rectal examination, sigmoidoscopy, extravasation of
an endoluminally administered water-soluble contrast agent
determined by radiography or computed tomography; or proof
of AL upon re-operation. Neoadjuvant radiotherapy was ad-
ministered according to an interdisciplinary tumor board de-
cision in patients classified as uT3/4 or uN+ based on preop-
erative staging. Adjuvant chemotherapy was routinely admin-
istered to patients with node-positive disease according to the
pre- and postoperative staging [9].

Statistical analyses

Statistical analyses were performed using the R statistical soft-
ware (www.r-project.org). A two-sidedP value<0.05 was con-
sidered statistically significant. Continuous data are expressed
as means±standard deviations. Chi-square statistics, t tests and
Mann-Whitney U tests were used as appropriate.

The overall and cancer-specific survival rates were defined
as the main outcome. Regarding cancer-specific survival, pa-
tients with an unknown cause of death (N=55) were excluded.
The risk factors included in the descriptive and multivariate
analyses were age, gender, body mass index, American Soci-
ety of Anesthesiologists (ASA) classification, coronary arteri-
al occlusive disease, preoperatively elevated (5 ng/ml or

918 consecutive patients undergoing
rectal cancer resection 1991-2010

Exclusion of 334 patients:
- Abdominoperineal/Hartmann resection (N=88)
- Intraoperative death (N=1)
- Transanale procedure (N=25)
- Urgent surgery (N=33)
- AJCC IV (N=157)
- No R0-resection (N=7)
- Lost to follow up (N=12)
- In-hospital-mortality (N=11)

584 patients eligible for analysis

Fig. 1 Patient selection: depicts the process of patient selection and
exclusion criteria
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higher) carcinoembryonic antigen (CEA) level [10], tumor
distance from the anal verge, American Joint Committee on
Cancer (AJCC) stage, neoadjuvant therapy, total vs. partial
mesorectal excision, operative time, diverting stoma, epidural
analgesia, intraoperative blood loss, lowest perioperative he-
moglobin level, and perioperative blood transfusions (the lat-
ter two of which were assessed until postoperative day 7 and
only before diagnosis of AL). Missing data were imputed
using the random survival forest method [11].

First, all variables in the risk set were compared be-
tween patients with and without AL based on univariate
analyses and multivariate logistic regression. The same
covariates as those used in the risk set, including AL,
were then assessed as putative prognostic factors for over-
all and cancer-specific survival in unadjusted and risk-
adjusted Cox regressions. Additional backward-variable
selection procedures derived from the full Cox regression
models were performed based on Akaike’s information
criterion. Moreover, a propensity score analysis was per-
formed as a superior and more refined statistical method
of adjusting for potential baseline confounding variables
[12–14]. We used the BMatching^ R package to perform a
bipartite weighting propensity score analysis [15, 16]. The
baseline risk profiles of the matched patients were com-
pared to assure that no major differences in baseline pa-
tient characteristics persisted. The prognostic value of AL
for overall and disease-free survival was finally assessed
in a stratified Cox regression analysis after applying the
subclasses and weights obtained by the propensity score
analysis.

Results

Patient characteristics and risk factors for anastomotic
leakage

A total of 584 patients were included in the analysis. Two
groups were compared, including 64 patients with AL
(11.0 %, 95 % CI=8.7 to 13.8 %) and 520 patients who did
not develop AL. A diagnosis of AL was made between post-
operative days 3 and 34, at a median of 8 days postoperatively.
In 33 patients (5.7 %), a re-operation was required, whereas in
the remaining 31 patients (5.3 %), the AL could be managed
without re-operation.

The median follow-up was 5.2 years (range 0.2 to
21.2 years) for all 584 patients and 7.4 years for the 401
patients who were alive at the end of the follow-up. Table 1
summarizes the characteristics of patients with and without
AL. Significant differences were observed in perioperative
hemoglobin levels, operative times, and perioperative blood
transfusions. In the multivariate logistic regression analysis,
operative time and perioperative blood transfusions were

independent, statistically significant predictors of developing
AL (Table 1).

Short-term outcomes and recurrences

Regarding the short-term outcomes, patients with AL had a
significantly increased length of hospital stay (35.0±16.9 vs,
20.6±11.1 days, P<0.001). Only 12 of the 64 patients with
AL (18.8 %), compared with 199 of the 520 patients without
AL (38.3 %), underwent adjuvant therapy (P=0.002).

In 101 (17.3 %) patients, a recurrence of the rectal cancer
was observed. Among these, 31 (5.3 %) patients suffered a
local recurrence, 50 (8.6 %) patients had metachronous liver
metastases and 42 (7.2 %) patients had pulmonary metastases.
Local recurrence was recorded in 4 (6.2 %) patients with AL
compared to 27 (5.2 %) patients without AL (P=0.722). He-
patic recurrence was recorded in 6 (9.4 %) patients with AL
compared to 44 (8.5 %) patients without AL (P=0.805). Pul-
monary recurrence was recorded in 3 (4.7%) patients with AL
compared to 39 (7.5 %) patients without AL (P=0.411). The
5-year cumulative incidence of local recurrence in patients
with AL was 6.9 % (95 % CI=0.1 to 13.3 %) compared to
5.4 % (95 % CI=3.3 to 7.5 %) in patients without AL (P=
0.656 in Cox regression).

Assessment of anastomotic leakage as a prognostic factor
for survival

In the unadjusted Cox proportional hazards regression, AL did
not significantly influence overall survival (hazard ratio of
death=1.00, 95 % CI=0.63 to 1.59, P=0.999) or cancer-
specific survival (hazard ratio of death=1.27, 95 % CI=0.65
to 2.48, P=0.489) (Table 2). The 5- and 10-year overall sur-
vival rates of patients with AL were 80.1 % (95 % CI=70.1 to
91.5 %) and 62.6 % (95 % CI=50.4 to 77.8 %), respectively,
compared with 78.5 % (95 % CI=74.8 to 82.3 %) and 62.7 %
(95 % CI=57.9 to 67.9 %), respectively, in patients without
AL (Fig. 2, left upper panel). The 5- and 10-year cancer-spe-
cific survival rates of patients with AL were 89.6 % (95 %
CI=81.3 to 98.7 %) and 76.2 % (95 % CI=64.2 to 90.5 %),
respectively, compared with 88.6 % (95 % CI=85.6 to
91.8 %) and 82.2 % (95 % CI=78.1 to 86.6 %), respectively,
in patients without AL (Fig. 2, right upper panel). After
adjusting for potential confounding factors in the risk-
adjusted Cox regression analyses, AL was confirmed to have
no statistically significant influence on overall survival (haz-
ard ratio of death=0.91, 95 % CI=0.56 to 1.47, P=0.701) or
cancer-specific survival (hazard ratio of death=1.10, 95 %
CI=0.54 to 2.20, P=0.799). Following backward-variable se-
lection procedures, AL was not found to be a significant prog-
nostic factor for overall or cancer-specific survival.
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Adjusting for patient characteristics with propensity score
matching

The propensity score in patients who developed AL was 0.16
±0.09, compared with 0.11±0.07 in those who did not devel-
op AL (P<0.001), indicating a significant bias in the patient
characteristics. When performing the propensity score
matching procedure, 42 patients without AL had to be exclud-
ed because their characteristics could not be matched to those
of patients from the other group. Thus, the propensity score-
based analysis was based on 542 patients. The propensity
scores derived from the analysis were virtually the same in
patients who did and did not develop AL (0.16±0.09 vs. 0.16
±0.09, P=0.986). Figure 3 displays the distribution of propen-
sity scores and the relative weights of the patients after the
matching procedure.

After adjusting the data according to the propensity score
analysis, AL still had no significant impact on overall survival

(hazard ratio of death=1.06, 95 % CI=0.64 to 1.76, P=0.828)
or cancer-specific survival (hazard ratio of death=1.18, 95 %
CI=0.57 to 2.43, P=0.660) (Table 2). Additionally, the sur-
vival curves did not differ significantly after propensity score
matching (Fig. 2, left and right lower panels).

Discussion

The key result of the present study is that AL after curative rectal
cancer resection does not impact long-term overall or cancer-
specific survival. These findings are supported by both a con-
ventional multivariate Cox proportional hazards model and by
the data accrued after propensity score matching, even though
the patient characteristics were previously significantly biased.
Intraoperative blood loss, perioperative blood substitution, and a
longer operating time were risk factors for developing AL but,
consistent with previous studies [17], were not associated with

Fig. 2 Overall and cancer-specific survival: Kaplan-Meier curve for overall and cancer-specific survival in unadjusted (left and right upper panel) and
propensity score adjusted analysis (left and right lower panel). The number of rectal cancer patients at risk is given below each plot
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worse long-term outcomes. Among the analyzed variables, only
a higher AJCC stage was identified as a clear and significant risk
factor for worse cancer-specific survival.

The present study added new valuable evidence to the pres-
ent research question by using propensity score matching to
mimic randomization. Additionally, our study included a com-
paratively large number of patients and a rather long and com-
plete follow-up. The observed results align with those of other
investigations that also found that AL was not a risk factor for
disease-specific survival. In a prospective analysis of 2480
patients, den Dulk et al. concluded that AL reduced overall
but not cancer-specific survival. Another result of their anal-
ysis was that AL did not influence local recurrence [6]. Smith
et al. performed a retrospective analysis of stage IV rectal
cancer patients in 2013, and again, AL was not shown to be
negatively associated with local recurrence, disease-free sur-
vival, or overall survival [18].

A few studies, however, have yielded contradictory re-
sults [19, 20, 7, 21–23]. In their recent meta-analysis of
predominantly retrospective trials, Mirnezami et al. [7] con-
cluded that AL has a negative prognostic impact on local
recurrence and leads to a reduced long-term cancer-specific
survival. There are several explanations for these contradic-
tory results. Apart from the aforementioned statistical rea-
sons, such as selection bias and the influence of putative
confounders on retrospective trials, some studies have been
limited to certain severities of AL. Accordingly, in the meta-
analysis by Mirnezami et al., the incidence rate of AL varied
remarkably between 0.5 and 30 %. Furthermore, their

review included studies between 1965 and 2009, which
may have biased the outcomes due to the changing diagnos-
tic and therapeutic treatment strategies during this time pe-
riod. If the treatment and diagnosis of AL are not sufficient,
delays may lead to postponed or canceled adjuvant therapy,
which could also explain the worse survival. In a retrospec-
tive analysis of the success of fibrin glue in the treatment of
AL, Kim et al. [20] found that AL is an independent prog-
nostic factor for disease-free survival. They also applied
propensity score matching. However, the authors stated that
they could not thoroughly investigate the correlations be-
tween AL, fibrin glue, and oncologic outcomes due to the
small number of events. Furthermore, this study only includ-
ed clinically, but not radiographically, proven AL.

We acknowledge the limitations of the present study. First,
this is a cohort study and not a prospective trial. Thus, the
inherent disadvantages of our design may represent sources
of bias, e.g., recall bias, information bias, and selection bias.
To minimize this risk of bias, we performed additional pro-
pensity score matching. Propensity score matching, however,
can only adjust for factors that have been appropriately mea-
sured, whereas randomization can resolve bias from bothmea-
sured and unmeasured (respectively unknown) factors or
those that interact in complex manners.

For the present patient cohort data about the quality of
mesorectal excision and the circumferential resection mar-
gins are lacking. These variables were recently proven as
relevant prognostic factors [24]. However, microscopic in-
volvement of any margin of the specimen (R1) was assessed
by the pathologist and detected rather low. Patients with any
microscopic involvement of any margin of the specimen
were excluded from the analysis. Therefore and because of
the long follow-up time of the present investigation, the
results found are still valuable. Moreover, these factors
would be, if different, expected to be worse in patients with
AL and thus are not to be expected to alter the results of this
analysis.

Other variables that were not tested but may have influenced
the outcome may include the volume of the clinic/surgeon, type
of adjuvant therapy, specific genetic mutations, drainage, or a
higher socioeconomic status [25, 26]. Nevertheless, propensity
score matching is a promising addition to conventional methods
[27]. Based on the present research question, a cohort study is
probably the most appropriate study design, as an extremely
large population would be required in the setting of a RCT for
a potentially low number of events (AL, recurrence, death).

A second limitation of our analysis is the long investigation
period of almost 20 years. Diagnostic and therapeutic strate-
gies may have changed during this period, which could be a
potential source of additional bias.

We conclude that, according to our data, the long-term
overall survival and cancer-specific survival after curative re-
section of rectal cancer are not impaired by AL. However, as

Fig. 3 Distribution of propensity scores before and after propensity score
analysis: Each circle presents one patient. The distribution of the
propensity scores for patients with and without anastomotic leakage
(Btreatment units^ and Bcontrol units^) who could be matched is shown.
The propensity scores for patients who could not be matched because
their characteristics could not be matched with patients from the other
group are also shown. The size of the circle for matched patients without
anastomotic leakage (Bcontrol units^) represents the weight obtained by
the propensity score matching procedure
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contradictory results remain in the literature regarding this
issue, no conclusive guidelines can be proposed. Therefore,
every possible precaution should be undertaken to prevent
AL. Postoperative surveillance should be standardized to de-
tect [28] and adequately treat AL, such that any severe nega-
tive impacts on a patient’s short-term outcome can be
prevented and any necessary adjuvant therapy is not post-
poned. A close-meshed oncologic follow-up for patients after
AL should be conducted until its influence on local recurrence
and survival is determined with certainty.
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