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Objective: The aim was to evaluate the impact of anastomotic leak (AL)
after colon cancer (CC) and rectal cancer (RC) surgery on 5-year relative
survival, disease-free survival (DFS), and disease recurrence.
Background: AL after CC and RC resection is a severe postoperative
complication with conflicting evidence whether it deteriorates long-term
outcomes.
Methods: Patients with stage I to IV CC and RC who underwent
resection with primary anastomosis were included from the Netherlands
Cancer Registry (2008–2018). Relative survival, measured from day of
resection, and multivariable relative excess risks (RERs) were analyzed.
DFS and recurrence were evaluated in a subset with stage I to III patients
operated in 2015. All analyses were performed with patients who sur-
vived 90 days postoperatively.
Results: A total of 65,299 CC and 22,855 RC patients were included.
Five-year relative survival after CC resection with and without AL was
95% versus 100%, 89% versus 94%, 66% versus 76%, and 28% versus 25%
for stage I to IV disease. AL was associated with a significantly higher
RER for death in stage II and III CC patients. Stage-specific 5-year
relative survival in RC patients with and without AL was 97% versus
101%, 90% versus 95%, 74% versus 83%, and 32% versus 41%. AL was
associated with a significantly higher RER for death in stage III and IV
RC patients. DFS was significantly lower in CC patients with AL, but
disease recurrence was not associated with AL after colorectal cancer
resection.
Conclusion: AL has a stage-dependent negative impact on survival in
both CC and RC, but no independent association with disease
recurrence.
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A nastomotic leakage (AL) is the most feared complication fol-
lowing colorectal cancer (CRC) resection. The incidence of AL

varies between 3% and 20%, depending on the type of resection,
anastomosis location, neoadjuvant treatment, and sex.1–5 AL is
associated with severe short-term morbidity,6,7 and ~12% of colon
cancer (CC) patients and 2% of rectal cancer (RC) patients die
within the postoperative period after developing AL.8

Although it is widely recognized that AL is associated with
poor short-term outcomes, the association with long-term
(oncological) outcomes is ambiguous.9–11 Several studies dem-
onstrated an association between AL after CRC resection and
decreased survival, with long-term cancer-specific mortality
hazard ratios (HR) up to 1.75,3,12,13 but others failed to confirm
this association.10,14 In addition, while CC and RC are consid-
ered as separate entities most of the previous studies did not
discriminate between them. Moreover, the majority of studies
used overall survival, but relative survival gives a better repre-
sentation of the approximation of cancer-specific survival
because it adjusts for the general life expectancy. Consequently,
the literature should be interpreted with caution.

Evidence is also inconclusive regarding the impact of AL on
disease-free survival (DFS) and disease recurrence.15–17 The Color-
ectal cancer laparoscopic or open resection I and II trials demon-
strated no association between AL and disease recurrence in CC
patients. Contrary, in RC patients AL was associated with decreased
DFS and increased local recurrence rates.15 Their relatively small
study populations makes it difficult to extrapolate these conclusions.

Investigating the impact of AL on long-term oncological out-
comes can provide an important basis for future studies to investigate
diagnosis strategy and treatment strategy. This nationwide study
aimed to evaluate the impact of AL on 5-year relative survival, DFS,
and disease recurrence after restorative CC- and RC resection.
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METHODS
This population-based observational study included CRC

patients diagnosed between January 1, 2008 and December 31, 2018
from the Netherlands Cancer Registry (NCR), which is maintained by
the Netherlands Comprehensive Cancer Organization (IKNL). The
following patient, tumor, and treatment characteristics are extracted
from medical files: sex, age, American Society of Anesthesiologists
(ASA) classification, body mass index, tumor location, pathological
tumor stage, (neo)adjuvant therapy, type of surgical resection, and
surgical approach. Registered postoperative outcomes consisted of
AL, readmission <60 days and mortality. Follow-up regarding vital
status was completed on January 31, 2020 and was captured by
linking of the NCR to the Municipal Personal Records Database.
Additional patient record review was performed to collect data on
disease recurrence for patients diagnosed with stage I to III CRC
between January 1, 2015 and June 30, 2015. Approval was obtained
by the scientific board of the Prospective National Colorectal Cancer
Cohort and the privacy review board of IKNL. Ethical approval and
informed consent was not required according to the Dutch law.

Inclusion and Exclusion Criteria
Patients with CRC stage I to IV who underwent surgical

resection with formation of a primary anastomosis were included.
Patients were excluded if no primary anastomosis was created
(transanal endoscopic microsurgery, abdominoperineal resection,
and Hartmann procedure). Patients who died within 90 days after
surgery were also excluded from analyses, to prevent bias from
death due to surgical complications (Supplementary Fig. 1, Sup-
plemental Digital Content 2, http://links.lww.com/SLA/E116).

Definitions
AL was defined as leakage of abdominal content or abscess

formation at the anastomosis requiring reoperation, radiological
intervention or readmission within 60 days after surgery. This
definition encompasses grade B to C leakages according to the
ISREC classification.18 Surgical procedures for CC included ileo-
cecal resection, right or left hemicolectomy, transversectomy, sig-
moid resection, or subtotal colectomy. RC resections comprised
(low) anterior resection and partial mesorectal excision. Staging of

TABLE 1. Baseline Patient, Tumor and Treatment Characteristics of the Included Patients (Excluding Patients That Died Within
90 d After Surgery)

Colon Cancer Patients Rectum Cancer Patients

With AL
(N= 3136)

Without AL
(N= 62,163) P

With AL
(N= 1814)

Without AL
(N= 21,041) P

Male sex 1906 (5.7) 31,570 (94.3) < 0.01 1431 (9.5) 12,747 (90.5) < 0.01
Age <70 y 1580 (5.2) 29,209 (94.5) < 0.01 1268 (8.9) 12,917 (91.1) < 0.01
Setting

Elective 2934 (4.8) 58,348 (95.2) 0.50 1808 (8.0) 20,893 (92.0) 0.07
Urgent/emergency 202 (5.0) 3815 (95.0) 6 (3.9) 148 (96.1)

Surgical approach
Open 1305 (5.3) 23,475 (94.7) 0.01 506 (7.6) 6133 (92.4) 0.12
Laparoscopic 1507 (4.6) 31,188 (95.4) 1091 (8.3) 11,979 (91.7)
Robot-assisted 3 (1.3) 225 (98.7) 27 (9.9) 246 (90.1)
Unknown 380 7513 199 2725

Pathological tumor stage
Stage 1 595 (4.2) 13,445 (95.8) < 0.01 409 (7.7) 4872 (92.3) 0.44
Stage 2 1190 (5.1) 22,262 (94.9) 452 (7.9) 5292 (92.1)
Stage 3 980 (4.8) 19,255 (95.2) 822 (8.2) 9172 (91.8)
Stage 4 363 (4.9) 6988 (95.1) 127 (7.2) 1634 (92.8)
Missing 9 222 4 74

Tumor differentiation
Well differentiated 125 (4.6) 2574 (95.4) 0.76 49 (7.1) 640 (92.9) 0.26
Moderately differentiated 2285 (4.8) 45,190 (95.2) 1220 (8.1) 13,904 (91.9)
Poor differentiated/anaplastic 416 (4.7) 8522 (95.3) 115 (9.1) 1147 (90.9)
Missing 384 6191 463 5465

Type of resection
Ileocecal resection/right hemicolectomy 1666 (4.2) 37,595 (95.8) < 0.01
Transversectomy 103 (7.0) 1373 (93.0)
(Extended) left hemicolectomy 169 (4.9) 3293 (95.1)
Sigmoid resection 1036 (5.3) 18,410 (94.7)
Subtotal resection 162 (9.8) 1492 (90.2)
(Low) anterior resection/partial

mesorectal excision
1795 (7.9) 20,795 (92.1) —

Neoadjuvant radiotherapy
No 761 (6.9) 10,337 (93.1) < 0.01
Yes 1053 (9.0) 10,704 (91.0)
Neoadjuvant chemoradiation
No 1439 (7.9) 16,742 (92.1) 0.81
Yes 375 (8.0) 4299 (92.0)
Adjuvant chemotherapy*
No 500 (7.4) 6274 (92.6) < 0.01
Yes 466 (3.5) 12,801 (96.5)

Bold values indicate a significance level of P< 0.05.
*Only patients with stage III colon cancer.
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the primary tumor was done using the UICC TNM classification
according to the 6th (2008/2010), 7th (2010/2017), and 8th edition
(2017/2018). The International Classification of Disease-Oncology
was used to classify anatomical location of the primary tumor and
metastases. Tumors were classified based on cancer cell differ-
entiation into: well differentiated, moderately differentiated, poor
differentiated, and anaplastic.

Outcomes
The primary outcome was 5-year relative survival,

measured from day of surgical resection. Relative survival was
defined as the ratio of the proportion of CRC survivors to the
proportion of expected CRC-free survivors in the general
Dutch population based on same sex, age, and calendar year.
Secondary outcomes were DFS and disease recurrence. DFS
was defined as time from diagnosis to recurrent disease or
death within 4 years after primary surgery. Disease recurrence
encompasses: local, distant, or local with distant recurrence.
Recurrent disease was diagnosed with imaging or at reopera-
tion, and confirmed by histopathology.

Statistical Analysis
Separate analyses were performed for CC and RC patients and

compared between patients with and without AL. Descriptive sta-
tistics were used to report patient and tumor characteristics. Catego-
rical data was presented as frequencies with percentages and

continuous data was presented as mean with SD or median with
interquartile range (IQR), depending on the distribution. χ2 and
independent t tests were used to assess differences in characteristics
between patients with and without AL. Relative survival was calcu-
lated using the Ederer II method.19,20 Differences in relative survival
between patients with and without AL were assessed with a 2-sample
proportion test. Multivariable relative excess risks (RERs) were esti-
mated with 95% confidence intervals (CI) to determine the association
between AL and excess risk of death. RERs for death were adjusted
for sex, age (<70 and ≥70 y), surgical approach, tumor stage, type of
resection, neoadjuvant (chemo)radiation (RC) and adjuvant chemo-
therapy (CC). DFS survival and disease recurrence were analyzed in a
subset cohort of patients diagnosed with stage I to III CRC in the first
semester of 2015. The association between AL and DFS was pre-
sented in Kaplan-Meier curves with log-rank test. Disease recurrence
and death were counted as an event. Patients alive at the end of the
study or loss to follow-up were censored. Univariable and multi-
variable cox proportional hazard regression analysis were performed
to assess the association with disease recurrence. Confounders that
were significantly associated with disease recurrence in the univariable
analysis or with clinical relevance (ie, AL) were included in the mul-
tivariable analysis (presented with HR and 95% CI). Statistical sig-
nificance was defined as a 2-sided P-value of <0.05. Relative survival
and RER calculation was performed in Stata version 16.0, StataCorp
LLC, College Station, TX, IBM SPSS Statistics version 25.0, IBM
Corp, Armonk, NY.

TABLE 2. Multivariable Relative Excess Risk (RER) for Death After Colorectal Resection

Colon Cancer Rectum Cancer

RER 95% CI P RER 95% CI P

Anastomotic leakage
No anastomotic leakage 1 (ref.) 1 (ref.)
Anastomotic leakage 1.22 1.01–1.34 < 0.01 1.56 1.34–1.81 < 0.01

Gender
Male 1 (ref.) 1 (ref.)
Female 1.06 1.01–1.11 0.03 0.97 0.88–1.07 0.58

Age
< 70 y 1 (ref.) 1 (ref.)
≥ 70 y 1.17 1.11–1.23 < 0.01 1.27 1.15–1.41 < 0.01

Surgical approach
Open 1 (ref.) 1 (ref.)
Laparoscopic 0.68 0.64–0.71 < 0.01 0.65 0.59–0.72 < 0.01
Robot-assisted 0.37 0.11–1.22 0.10 0.23 0.04–1.44 0.12

Pathological tumor stage
Stage 1 1 (ref.) 1 (ref.)
Stage 2 4.11 2.74–6.18 < 0.01 10.86 2.27–51.93 < 0.01
Stage 3 19.39 12.99–28.94 < 0.01 38.10 8.04–180.45 < 0.01
Stage 4 93.8 62.92–139.99 < 0.01 172.91 36.48–819.50 < 0.01

Type of resection
Ileocecal resection/right hemicolectomy 1 (ref.)
Transversectomy 0.84 0.72–0.99 0.04
(Extended) left hemicolectomy 0.67 0.57–0.79 < 0.01
Sigmoid resection 0.69 0.65–0.73 < 0.01
Subtotal resection 1.13 0.99–1.30 0.07

Neoadjuvant radiotherapy
No neoadjuvant radiotherapy 1 (ref.)
Neoadjuvant radiotherapy 0.74 0.65–0.84 < 0.01

Neoadjuvant chemoradiation
No neoadjuvant chemoradiation 1 (ref.)
Neoadjuvant chemoradiation 0.98 0.86–1.12 0.74

Adjuvant chemotherapy
No adjuvant chemotherapy 1 (ref.)
Adjuvant chemotherapy 0.80 0.76–0.84 < 0.01

Bold values indicate a significance level of P< 0.05.
Analyses were performed for colon cancer patients and rectal cancer patients separately.
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RESULTS

Baseline Characteristics
Baseline characteristics are presented in Table 1. A total of

100,383 patients underwent a CRC resection of whom 92,304
patients underwent CRC surgery with formation of a primary
anastomosis between 2008 and 2018, comprising 68,891 CC patients
and 23,413 RC patients. In the CC cohort 3,552 patients died within
90 days postoperatively, of whom 723 with AL (20.4%) and 2829
(79.6%) without AL and survival data of 40 patients was missing,
resulting into a total of 65,299 CC patients included in this study
(3136 patients with AL and 62,163 without AL). In the RC cohort
546 patients died within 90 days postoperatively, including 127 with
AL (23.3%) and 419 without AL (76.7%) and survival data of 12
patients was missing, resulting into a total of 22,855 RC patients
included in this study (1814 with AL and 21,041 without AL).

The total incidence of AL after CC resection was 5.6%
(3859/68,891). After excluding patients who died within 90 days
postoperatively it was 4.8% (3136/65,299). Male sex and age
below 70 years were associated with a higher AL rate after CC
resection (P< 0.01). Incidence of AL was significantly different
between pathological tumor stages (I–IV), surgical approaches
and types of resection. In the stage III CC group, 48% (466/966)
of the patients with AL received adjuvant chemotherapy com-
pared with 67% (n= 12,801/19,075) of the patients without AL
(P< 0.01). The total incidence of AL after RC resection was
8.3% (1941/23,413). After excluding patients who died within
90 days postoperatively it was 7.9% (n= 1814/22,855). Male sex,
age below 70 years and neoadjuvant radiotherapy were asso-
ciated with AL after RC resection (P< 0.01).

Relative Survival
Relative 5-year survival for CC patients with or without AL

was 95% versus 100% for stage I (HR: 1.37, 95% CI: 0.16–12.13,
P= 0.78), 89% versus 94% for stage II (HR: 1.61, 95% CI:
1.12–2.32, P= 0.01), 66% versus 76% for stage III (HR: 1.55, 95%
CI: 1.34–1.78, P< 0.01), and 28% versus 25% for stage IV (HR:
0.95, 95% CI: 0.83–1.08, P= 0.43, Fig. 1). Multivariable RER for
death after CC resection was significantly higher for patients with
AL (Table 2). Stage II CC patients with AL who were not treated
with adjuvant chemotherapy had a higher RER for death com-
pared with CC patients without AL who were not treated with
adjuvant chemotherapy (RER: 1.85, 95% CI: 1.36–2.51, Table 3).
Stage III CC patients with AL who were treated with adjuvant
chemotherapy had a higher RER for death compared with CC
patients without AL who were treated with adjuvant chemo-
therapy (RER: 1.37, 95% CI: 1.06–1.77, Table 3). Median length
of follow-up for CC patients was 4.2 years (IQR: 2.3–6.8 y).

Five-year relative survival for RC patients with and
without AL was 97% versus 101% for stage I (P= 1.00), 90%
versus 95% for stage II (HR: 1.51, 95% CI: 0.84–2.70, P= 0.17),
74% versus 83% for stage III (HR: 1.53, 95% CI: 1.27–1.86,
P< 0.01), and 32% versus 41% for stage IV (HR: 1.27, 95% CI:
0.99–1.63, P= 0.06, Fig. 1). Multivariable RER for death after
RC resection was significantly higher for patients with AL
(Table 2). Compared with patients without AL with the same
pathological tumor stage, AL patients with stage III and IV RC
had a higher RER for death (RER: 1.61, 95% CI: 1.32–1.96 and
RER: 1.36, 95% CI: 1.04–1.77, Table 3). Median length of fol-
low-up for RC patients was 5.0 years (IQR: 3.0–7.7 y).

DFS and Disease Recurrence
In 2015, 10,139 CRC patients underwent a resection with

formation of a primary anastomosis, of whom 5387 were oper-
ated in the first semester of 2015. After excluding stage IV
patients (1036), and patients who died within 90 days (102), a
total of 4249 patients remained (Supplementary Fig. 1, Supple-
mental Digital Content 2, http://links.lww.com/SLA/E116).

In total, 3297 CC stage I to III patients were analyzed,
including 151 patients with AL. Four-year DFS was significantly
lower for CC patients with AL (79.2%) compared with patients
without AL (84.7%, P= 0.04, Supplementary Fig. 2, Supple-
mental Digital Content 3, http://links.lww.com/SLA/E117).
Multivariable cox proportional hazard regression demonstrated
that AL was not associated with disease recurrence (HR: 1.36,
95% CI: 0.94–1.97, P= 0.10, Table 4).

In total, 952 RC stage I to III patients were analyzed,
including 76 patients with AL. Four-year DFS was 81.4% for RC
patients with AL and 80.2% for patients without AL (P= 0.87,
Supplementary Fig. 2, Supplemental Digital Content 3, http://links.
lww.com/SLA/E117). Multivariable cox proportional hazard
regression revealed that AL was not associated with disease
recurrence (HR: 0.91, 95% CI: 0.53–1.57, P= 0.73, Table 4).

DISCUSSION
In this largest population-based study published so far, AL was

associated with a reduced survival in stage II and III CC patients and
stage III and IV RC patients. In a subset of CRC patients, DFS was
significantly decreased in CC patients with AL, but no association was
found between AL and disease recurrence during 4-year follow-up.

Evidence is scarcely available on the association between
AL and relative survival after CRC resection. Contrary to
overall survival, relative survival can be useful to evaluate the
effect of AL on survival because it adjusts for general life
expectancy and is an approximation of cancer-specific survival

TABLE 3. Multivariable Relative Excess Risk (RER) for Death After Anastomotic Leakage Stratified Per Tumor Stage

Colon Rectum

Anastomotic leakage RER 95% CI P RER 95% CI P

Stage 1 1.90 0.72–5.02 0.19 3.37 0.53–21.25 0.20
Stage 2 1.83 1.37–2.43 < 0.01 1.71 0.97–3.00 0.06
Stage 2 with adjuvant chemotherapy 1.29 0.52–3.22 0.58
Stage 2 without adjuvant chemotherapy 1.85 1.36–2.51 < 0.01
Stage 3 1.27 1.09–1.48 < 0.01 1.61 1.32–1.96 < 0.01
Stage 3 with adjuvant chemotherapy 1.37 1.06–1.77 0.02
Stage 3 without adjuvant chemotherapy 1.19 0.98–1.44 0.08
Stage 4 0.96 0.83–1.12 0.62 1.36 1.04–1.77 0.02

Bold values indicate statistically significant P> 0.005.
No anastomotic leak= reference category
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However, only a few studies reported relative or cancer-specific
survival rates and could be affected by death due to other
causes.12,21 Although the evidence is scarce, a meta-analysis by
Mirnezami et al13 demonstrated in 4 out of 6 included studies
(5329 patients) a significantly reduced disease-specific survival
following AL after RC resection (OR ranging 1.10–2.23).

The pathophysiological mechanisms behind the associa-
tion between AL and decreased survival in stage III RC patients
remains speculative. To increase resectability and decrease local
recurrences these patients undergo neoadjuvant (chemo)radio-
therapy. However, neoadjuvant (chemo)radiotherapy itself is
associated with AL.22,23 Theoretically, a combination of neo-
adjuvant therapy, surgical resection, and subsequent AL might
have a detrimental effect on the postoperative immune response
and thereby delaying recovery and compromising general health.

CC patients with AL and treated with adjuvant chemotherapy
had a significantly worse survival compared with patients without
AL. Stormark et al12 showed similar results after analyzing the

association between AL and 5-year relative survival in >22,000 stage
I to III CC patients. Survival benefit of adjuvant chemotherapy in CC
patients seems to be highest when started within 6 to 8 weeks after
resection.24,25 Adjuvant chemotherapy can lead to a reduction of
disease recurrence up to 50% compared with patients who solely
underwent surgery and is recommended for high risk stage II and III
disease.26 Since AL develops in the postoperative phase it could have
postponed the initiation or led to cancellation of adjuvant chemo-
therapy, and thereby reducing survival. This may also explain our
finding that pathological stages II and III were associated with an
increased risk of disease recurrence.

Surgical resection for stage IV CRC can be performed as
intentional curative treatment in combination with local treatment of
metastases, or to prevent or treat tumor complications. Previous
studies demonstrated that palliative resection of the primary tumor
can improve overall survival in stage IV CRC patients.27 However,
this improvement was not demonstrated in recent RCTs.28 In
accordance with previous studies, this study showed that survival

FIGURE 1. Five-year relative survival after CC and RC resection calculated using Ederer II method. Dotted line indicates patients
with AL, continuous line indicates patients without AL. Blue lines: colon cancer patients, Orange lines: rectal cancer patients.
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TABLE 4. Univariable and Multivariable Cox Proportional Hazard Regression to Assess the Association Between AL and Disease Recurrence After Colon Cancer and
Rectal Cancer Resection

Colon Rectum

Univariable Multivariable Univariable Multivariable

Hazard
Ratio 95% CI P

Hazard
Ratio 95% CI P

Hazard
Ratio 95% CI P

Hazard
Ratio 95% CI P

Anastomotic
leakage

No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)

Anastomotic
leakage

1.28 0.95–1.74 0.11 1.36 0.94–1.97 0.10 0.95 0.55–1.65 0.87 0.91 0.53–1.57 0.73

Gender Male 1 (ref.) 1 (ref.)
Female 0.91 0.77–1.09 0.32 1.01 0.75–1.37 0.93

Age < 70 y 1 (ref.) 1 (ref.) 1 (ref.)
≥ 70 y 1.22 1.02–1.45 0.03 1.19 0.99–1.41 0.06 1.17 0.87–1.59 0.30

Pathological tumor
stage

1 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)

2 4.09 2.75–6.09 < 0.01 3.80 2.55–5.67 < 0.01 2.39 1.31–4.36 < 0.01 2.74 1.48–5.08 < 0.01
3 9.81 6.71–14.32 < 0.01 9.11 6.22–13.34 < 0.01 4.87 2.90–8.18 < 0.01 5.90 3.40–10.24 < 0.01

Tumor
differentiation

Well
differentiated

1 (ref.) 1 (ref.) 1 (ref.)

Moderately
differentiated

1.31 0.72–2.38 0.38 1.03 0.59–1.97 0.93 0.72 0.32–1.62 0.42

Poor
differentiated

3.06 1.63–5.73 < 0.01 1.89 1.01–3.60 < 0.05 1.20 0.46–3.15 0.72

Anaplastic 3.38 0.44–26.21 0.24 1.75 0.23–13.58 0.59 0.63 0.25–1.57 0.32
Neoadjuvant

radiotherapy
No 1 (ref.) 1 (ref.)

Yes 1.35 1.01–1.81 < 0.05 0.74 0.54–1.01 0.06
Neoadjuvant

chemoradiation
No 1 (ref.)

Yes 1 0.96–1.76 0.10

Bold values indicate statistically significant P> 0.005.
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worsens if AL occurs in stage IV RC patients. Clinical deterioration
and surgical trauma-induced immunosuppression as a result of AL
may induce disease progression in patients with metastatic disease.29

This might be an argument to be reluctant performing palliative
surgery of the primary tumor in stage IV patients.30 Although not in
line with previous studies,31,32 this study showed an association
between open surgery and worse oncological outcomes. Traditionally,
CRC patients are operated using (robot-assisted) laparoscopy in the
Netherlands, whereas open surgery is only performed in case of
advanced tumor stages or in an emergency setting. In the present
study, stage IV CRC patients underwent significantly more open and
emergency resections (data not shown). Advanced tumor stages and
emergency resections are independently associated with a higher risk
of developing AL.10,33–37 Therefore, it is reasonable to assume that in
case of open (emergency) resections, advanced tumor stages and
development of AL confounded the results.

DFS was significantly decreased in CC patients with AL,
however, no association between AL and disease recurrence was
found. Previous smaller cohort studies reported contradictory results
on disease recurrence after CRC resection.15–17 Their main finding
was that AL was associated with distant recurrence in CC patients
and local recurrence in RC patients, which was substantiated by the
theory that AL promotes viable tumor cells to retain their oncological
competence by immunosuppression.3,17,21 These contradictory results
can be explained by oncological outcomes being influenced by
characteristics such as poor tumor differentiation and higher patho-
logical stages,10 which is confirmed by the present study.

This study has strengths and limitations. A large number
of patients who underwent CRC surgery with a primary anas-
tomosis were included and separate analyses for both entities
were performed. However, AL was only registered if a reinter-
vention or readmission was required within 60 days after pri-
mary surgery and a considerable number of patients develop AL
thereafter. This phenomenon is mainly observed in patients who
received a diverting ileostomy, which is known to diminish the
severity of AL.1 Lately diagnosed ALs can either heal with
conservative management, or might develop into a chronic
presacral sinus requiring salvage surgery. Not including those
late leaks in our study might have affected long-term outcomes
to some extent. DFS and disease recurrence were analyzed in a
relatively smaller cohort. The relatively low rates of disease
recurrence might have led to insufficient statistical power to
detect significant differences. These results should be interpreted
with caution, albeit several other studies also failed to show a
significant impact of AL on disease recurrence.

In conclusion, AL was associated with a negative impact on
survival in stage II and III CC patients, and in stage III and IV RC
patients. DFS was significantly decreased in CC patients with AL,
but no association was found between AL and disease recurrence in
CRC patients. To mitigate the negative impact of AL on long-term
outcomes after CRC surgery, nonrestorative surgery can be consid-
ered in patients at high risk of AL. Further studies have to elucidate
the pathophysiological mechanism of AL, to develop early detection
techniques and to investigate treatment strategies to reduce the impact
of AL on oncological outcomes.
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DISCUSSANTS

Ronan P. O’Connell (Dublin, Ireland)
The authors are to be congratulated for the mammoth task of

analysis undertaken; However, the value of the findings, in the context
of providing a benchmark for future studies, requires careful scrutiny.

The authors have elected to define anastomotic leakage
(AL) as leakage of abdominal content or abscess formation at
the site of the anastomosis requiring reoperation, radiological
intervention or readmission within 60 days after anastomosis
formation. This clearly excludes patients with AL, who did not
require radiological or surgical reintervention. They have also
excluded patients who died within 90 days of surgery. Thus, the
seemingly very low rates of AL presented (4.8% and 7.9% for
colonic and rectal anastomosis, respectively) must be seen in the
context of significant exclusion criteria that undermine the pur-
pose of the study. Could the authors kindly comment on how
their findings might reduce the incidence and impact of AL?

The concept of relative survival is important and infrequently
employed in the analysis of cancer outcomes. It is intuitive that
patients with more advanced disease, in whom adjuvant therapies
were delayed due to complications, might not have the same relative
survival as those whose adjuvant therapy was not delayed; however, it
is helpful to know that, in those with stage 1 disease, there was no
adverse outcome. Of course, this, too, is intuitive given the expected
high cure rate of resection of stage 1 disease.

It is not clear why open surgical resection was associated with
worse oncological outcomes, unless there is an inherent bias in case
selection that is not accounted for. Equally, it is not clear why age
under 70 had worse outcomes, unless, again, there is a selection bias,
in that older frailer patients are more likely to have a non-restorative
resection. Could the authors respond to these points?

Response from Nynke Greijdanus (Nijmegen, The
Netherlands)

Thank you for your remarks and questions. First,
regarding relative survival, we believe that this is a better
measure compared to overall survival, which is more frequently
used in other papers. We adjusted for the mortality in the general
population, and by doing so, the rate of mortality is more can-
cer-specific compared to overall survival. Of course, overall
survival takes all deaths into account, but you cannot really
pinpoint whether this was due to disease recurrence or to the
disease itself. So, by using relative survival, we hope to give a
better cancer-specific representation.

Second, regarding emergency resections, we agree that this can
be influenced by other factors. In the Netherlands, patients with
colorectal cancer are traditionally treated by laparoscopic surgery or
robot-assisted surgery. In the case of open resections, this is pre-
dominantly performed for emergency resections or for patients with
advanced disease. Our own data confirm that the patients who
underwent an emergency resection were mostly treated with an open
resection, as were most patients with stage 4 disease.

Regarding younger patients, we saw that age below 70 was
associated with a higher risk of developing anastomotic leakage.
We think that this can be selection bias because elderly patients
might be frailer or have more comorbidities; therefore, surgeons
might opt for non-restorative surgery in this cohort.

Nicolò de Manzini (Trieste, Italy)
Please receive all my compliments for the huge work you have

done with such an important series. In effect, it seems strange that the
leakage doesn’t affect the recurrence. However, based on previous
studies, we know that any complication that delays chemotherapy by
more than 90 days in Stage 3 colon cancer significantly influences
overall survival. Would you, perhaps, be able to differentiate between
leakages with a rapid healing and those with strong complications
that delay chemotherapy?

Response from Nynke Greijdanus (Nijmegen, The
Netherlands)

Thank you for your question. We can’t differentiate between
healing time because we did not look at this. However, we saw that
the patients, who had an anastomotic leakage and received chemo-
therapy, had a worse survival rate. So, we believe that anastomotic
leakage is caused by several risk factors, such as smoking, medi-
cations used, and other comorbidities, and that these factors are also
associated with disease recurrence and tumor biology. In other words,
we think that anastomotic leakage patients are patients who have a
poorer general health overall, and are, therefore, more prone to
develop disease recurrence.

Georgios Sotiropoulos (Athens, Greece)
Thank you very much for your nice presentation. I have a

clinical question. In your study, did you include Stage 4 patients
with simultaneous liver resection using the Pringle maneuver,
which could also affect anastomotic leakage?

Response from Nynke Greijdanus (Nijmegen, The
Netherlands)

That’s an interesting question. However, we did not look
at this.

Annals of Surgery � Volume 276, Number 5, November 2022 Oncological Outcomes Anastomotic Leakage

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved. www.annalsofsurgery.com | 889


