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Abstract: Anastomotic leakage (AL) is one of the most serious

complications of colorectal surgery. It can affect long-term oncologic

outcomes, but the impact on long-term survival remains uncertain. The

aim of this study is to evaluate the operative characteristics of leakage

and no leakage groups and to analyze long-term oncologic outcomes.

We prospectively enrolled 10,477 patients from 2000 to 2011 and

retrospectively reviewed the data.

Male sex (odds ratio [OR], 3.90; P< 0.001), intraoperative transfu-

sion (OR, 2.31; P¼ 0.042), and operative time (OR, 1.73; P¼ 0.032)

were independent risk factors of AL in the colon. In the rectum, male sex

(OR, 2.37; P< 0.001), neoadjuvant chemoradiotherapy (OR, 2.26;

P< 0.001), and regional lymph node metastasis (OR, 1.43;

P¼ 0.012) were independent risk factors of AL, and diverting stoma

(OR, 0.24; P< 0.001) was associated with a deceased risk of AL. AL in

the rectum without a diverting stoma was associated with disease-free

survival (DFS, OR, 1.47; P¼ 0.037). Colonic leakage was not associ-

ated with 5-year DFS (leakage group vs nonleakage group, 72.4% vs

80.9%, P¼ 0.084); however, in patients undergoing rectal resection,

there was a significant difference in 5-year DFS (67.0% vs 76.6%,

P¼ 0.005, respectively).

AL in the rectum is associated with worse long-term DFS and

overall survival. A diverting stoma was shown to protect against this

effect and was associated with long-term survival in rectal surgery.

Therefore, creating a diverting stoma should be considered in high-risk
oon Ah Park, MD ho, MD, PhD,
, MD, PhD, and Woo Yong Lee, MD, PhD

Abbreviations: AL = anastomotic leakage, CEA = carci-

noembryonic antigen, CT = computed tomography, DFS =

disease-free survival, nCRT = neoadjuvant chemoradiotherapy,

OR = odds ratio, OS = overall survival.

INTRODUCTION

A nastomotic leakage (AL) is one of the most frequent post-
operative complications following colorectal surgery. Most

AL is considered a major postoperative complication, and its
severity is greater than any other complication.1 The rates of AL
in colorectal surgery vary widely depending on several factors,
particularly whether the anastomosis is intra- or extraabdominal
(2.7–8.7% and 3.6–13.3%, respectively).1–13

Several studies have evaluated a variety of risk factors of
AL; however, there is no universal agreement regarding the
associated risk factors. Although it is generally accepted that
variables such as low anastomotic level are associated with
leakage,14–16 other risk factors including male sex and neoad-
juvant chemoradiotherapy (nCRT) are not widely recognized.8

These risk factors were analyzed in the whole cohort in the
present study, regardless of the anastomosis site. Although
many studies have investigated risk factors of AL, it remains
a life-threatening complication that can arise in patients with no
known risk factors.

In addition, the few studies on long-term oncologic out-
comes in patients with AL have demonstrated consistent
results.1,3,17,18 In rectal cancer patients, AL has been associated
with an increased rate of local recurrence, but its relationship
with distant metastasis is unclear. In colorectal cancer patients,
long-term mortality is related to AL.18 In contrast, AL in rectal
surgery has not been shown to associate with overall survival
(OS) or disease-free survival (DFS).1 The relationship between
AL and long-term prognosis remains unclear.

The aims of this study were to evaluate preoperative and
intraoperative risk factors of clinically significant AL in patients
undergoing surgery involving colonic and rectal anastomosis.

Secondary aims were to investigate the impact of AL on long-
term outcome after surgical resection for colonic and rectal
cancer.

METHODS
The medical records of 12,066 consecutive patients who

underwent surgery for colorectal disease from January 2000 to
December 2011 were analyzed. Patients who had an ostomy
operation such as Hartmann’s operation, diverting ileostomy,
colostomy, or abdominoperineal resection were excluded. A
total of 10,477 patients who underwent colorectal operations
with ileocolonic, colocolonic, colorectal, ileorectal, or colo-anal
lled in this study. Most patients (97.9%)
, and only 222 patients (2.1%) had
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ables related to the risk of DFS or OS with a P value inferior to
This study was a retrospective analysis of our prospectively
collected colorectal surgery database. The following demo-
graphic data were collected and analyzed: age, sex, American
Society of Anesthesiologists score, body mass index, preopera-
tive carcinoembryonic antigen (CEA) level, underlying disease,
previous abdominal surgery, preoperative treatment, clinical
bowel obstruction, preoperative stenting, clinical bowel perfor-
ation, type of operation, level of anastomosis, route of access,
emergency operation, diverting stoma, operative time, transfu-
sion during operation, postoperative mortality, length of hospi-
tal stay, readmission rate, pathologic features (benign or
malignant, T stage, N stage, M stage, lymphovascular invasion,
perineural invasion, and harvested lymph nodes), and adjuvant
therapy. Colorectal cancer was staged according to the 7th
American Joint Committee on Cancer TNM staging system.
Five-year DFS and 5-year OS were assessed. Survival analysis
was performed only in patients whose surgery was intended to
be curative. Thus, the cohort for survival analysis excluded
patients who underwent surgery for benign disease or palliative
resection. This study was approved by the Institutional Review
Board of Samsung Medical Center.

We defined AL as any defect in intestinal wall integrity at
the colo-colonic, colorectal, or colo-anal anastomotic site
(including suture and staple lines of neorectal reservoirs)
leading to a communication between the intra- and extralum-
inal compartments.19 A pelvic abscess or abscess close to the
anastomosis was also considered AL. Clinically, AL was
suspected when the patient showed signs or symptoms of
clinical peritonitis, including leukocytosis and abdominal pain
associated with a pelvic abscess or fecal discharge through the
intraabdominal drainage catheter. Abdominopelvic computed
tomography (CT) was routinely performed in patients sus-
pected of AL. Additionally, orders for fasting and adminis-
tration of antibiotics were applied in these patients at our
institution.20

nCRT was considered the optimal management strategy
for patients with locally advanced (T3/T4 or N positive) rectal
cancer located <10 cm from the anal verge, as diagnosed by
abdominopelvic CT and/or pelvic MRI for local staging. nCRT
was not administered to elderly patients, those with poor
performance status, and/or those who refused nCRT. Preopera-
tive radiotherapy was delivered to the whole pelvis at a dose of
45 Gy in 25 fractions. Preoperative chemotherapy consisted of
a bolus injection of 5-fluorouracil, 500 mg/m2 per day 3 days
per cycle during the first and last weeks of radiotherapy or
capecitabine, and 850 mg/m2 per day 5 days per week for 5
weeks.21

Five-fluorouracil-based chemo-regimen was preferentially
considered as adjuvant chemotherapy to the patients proven as
T3, T4, or node-positive disease after surgical resection. But, it
was depended on the patient’s general condition, compliance,
and physician preference. Patients were underwent postopera-
tive follow-up at 3-month intervals for 2 years, at 6-month
intervals for the next 3 years, and annually thereafter. During
follow-up period, clinical history, physical examination, serum
CEA assay, chest and abdominopelvic CT or MRI, and colono-
scopy were evaluated for detecting recurrence. Additional
histologic biopsy examination was performed for confirming
recurrence, if it would be needed.

Data were analyzed with Statistical Package for the Social
Sciences for Windows, version 18.0 (SPSS Inc., Chicago, IL).

Park et al
The clinicopathologic features between 2 groups were com-
pared using a Chi-squared test or t-test. Survival analysis was
performed by the Kaplan–Meier method, and prognostic factors
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and survival curves were compared using log-rank test. A P
value �0.05 was considered statistically significant. All vari-

Medicine � Volume 95, Number 8, February 2016
0.1 in univariate analysis were included in a multivariate
analysis using the Cox regression model.

RESULTS
From 2000 to 2011, 10,477 patients were included in

this study, and the median follow-up period was 39 months
(mean follow-up period: 45.4 months). The number of
patients undergoing each type of surgery was as follows:
right hemicolectomy, 2356 (22.5%); left hemicolectomy, 471
(4.5%); anterior resection, 3260 (31.1%); low anterior resec-
tion, 3854 (36.8%); and other operations including segmental
colon resection, total or subtotal colectomy, and total proc-
tocolectomy, 536 (5.1%). Most patients (95.9%) underwent
elective surgery.

The AL rate of the whole cohort was 2.8% (290 of 10,477).
AL occurred in 71 (1.1%) of the 6565 patients whose anasto-
moses were in the colon (intraperitoneal anastomosis) and in
219 (5.6%) of the 3912 patients whose anastomoses were in the
rectum (extraperitoneal anastomosis). Significant associations
in the AL group included younger age (57 vs 59, P¼ 0.002),
male sex (80.3% vs 59.7%, P< 0.001), preoperative nCRT
(19.4% vs 6.8%, P< 0.001), low anterior resection (73.1%
vs 35.8%, P< 0.001), longer operative time (149 vs 139
minutes, P< 0.001), increased mortality rate (1.7% vs 0.3%,
P¼ 0.001), longer hospital stay (18.0 vs 8.0 days, P< 0.001),
higher readmission rate (24.5% vs 6.7%, P< 0.001), and
increased spread to lymph nodes (50.3% vs 43.8%,
P¼ 0.043). There was no statistically significant difference
in local or distant recurrence in the colon or rectum between
the 2 groups (Table 1).

The median length of time from operation to AL was 5
days (range, 1–85). Most patients in the leakage group
(96.9%) suffered from AL within 30 days after operation.
In the AL group, 30 patients (42.3%) who had intraabdominal
anastomosis were treated with nonsurgical intervention. In
comparison, 181 (82.6%, P< 0.001) patients in the AL group
with anastomosis in the rectum were treated with
surgical intervention.

Multivariate analysis identified the following patient fac-
tors associated with AL in the colon: male sex (P< 0.001),
intraoperative transfusion (P¼ 0.042), and longer operative
time (P¼ 0.032). In the rectal anastomosis group, male sex
(P< 0.001), nCRT (P< 0.001), diverting stoma (P< 0.001),
and pathologic N stage (P¼ 0.012) were independent risk
factors of AL. In rectal anastomosis patients without diverting
stoma, the factors associated with AL included male sex
(P< 0.001) and nCRT (P< 0.001). Tumor distance from the
anal verge (>5.0/�5.0 cm) was not associated with AL (odds
ratio [OR], 0.98; P¼ 0.885) (Table 2). We analyzed factors
potentially associated with AL in the rectum with diverting
stoma, but no significant relationships were identified (the data
are not shown).

The factors associated with DFS in the colon were pre-
operative CEA, cerebrovascular disease, pulmonary disease,
preoperative obstruction, preoperative perforation, pathologic
N stage, perineural invasion, and venous invasion. For analysis,
patients with rectal anastomosis were divided into those with

and without diverting stoma. In the rectal group with diverting
stoma, preoperative perforation, pathologic T stage, pathologic
N stage, and venous invasion were associated with DFS. AL in
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TABLE 1. Clinicopathologic Features (N¼10,477)

Anastomotic Leakage
(n¼ 290)

No Anastomotic Leakage
(n¼ 10,187)

P
Value

Preoperative features
Age, years 57 (22–84) 59 (12–95) 0.002
Sex Female 57 (19.7%) 4107 (40.3%) <0.001

Male 233 (80.3%) 6080 (59.7%)
ASA score 1,2 282 (97.2%) 3088 (30.3%) 0.238

3,4 8 (2.8%) 135 (1.3%)
�

BMI 23.7 (15.1–31.3) 23.6 (13.9–40.2)y 0.135
Preoperative CEA level 2.5 (0.1–250.4)z 2.3 (0.1–15320.0)§ 0.468
Underlying disease Hypertension 94 (32.4%) 3292 (32.3%) 0.972

Diabetes mellitus 37 (12.8%) 1443 (14.2%) 0.498
Heart disease 14 (4.8%) 508 (5.0%) 0.902
Cerebrovascular disease 4 (1.4%) 196 (1.9%) 0.504
Pulmonary disease 24 (8.3%) 888 (8.7%) 0.793

Previous abdominal surgery 43 (14.8%) 1978 (19.4%) 0.051
Preoperative treatment Chemotherapy 3 (1.0%) 120 (1.2%) 1.000

Radiotherapy 1 (0.3%) 2 (0.0%) 0.081
Chemoradiotherapy 56 (19.4%) 689 (6.8%) <0.001

Preoperative stenting 2 (0.7%) 208 (2.0%) 0.105
Intraluminal obstruction 42 (14.5%) 1595 (15.7%) 0.587
Perforation 6 (2.1%) 182 (1.8%) 0.721
Tumor location from the anal vergejj Rectum 6.5 (2.0–15) 7.0 (0.5–15) 0.054

Intraoperative features
Type of operation Right hemicolectomy 28 (9.7%) 2328 (22.9%) <0.001

Left hemicolectomy 9 (3.1%) 462 (4.5%)
Anterior resection 27 (9.3%) 3233 (31.7%)
Low anterior resection 212 (73.1%) 3642 (35.8%)
Other� 14 (4.8%) 522 (5.1%)

Level of anastomosis (leakage rate) Colon (1.1%) 71 (24.5%) 6494 (63.7%) <0.001
Rectum (5.6%) 219 (75.5%) 3693 (36.3%)

Route of access Open surgery 193 (66.6%) 6255 (61.4%) 0.075
Minimally invasive surgery 97 (33.4%) 3932 (38.6%)

Emergency surgery 9 (3.1%) 418 (4.1%) 0.396
Diverting stoma 14 (4.8%) 649 (6.4%) 0.287
Operative time 149 (70–568) 139 (11–850) <0.001
Transfusion during operation 11 (3.8%) 365 (3.6%) 0.850

Postoperative features
Mortality within 30 days after operation 5 (1.7%) 26 (0.3%) 0.001
Length of hospital stay 18.0 (8–352) 8.0 (5–148) <0.001
Readmission rate 71 (24.5%) 680 (6.7%) <0.001
T stage Benign, 0, 1, 2 96 (26.6%) 2970 (29.2%) 0.172

3, 4 194 (66.9%) 7134 (70.0%)#

N stage Negative 144 (49.7%) 5604 (55.0%) 0.043
Positive 146 (50.3%) 4466 (43.8%)

��

M stage 0 254 (87.6%) 8827 (86.6%) 0.802
1 36 (12.4%) 1309 (12.9%)yy 0.280

Tumor size, cm Colon 5.0 (0.3–11.0) 4.5 (0.1–21.0) 0.341
Rectum 4.0 (0.1–12.5) 4.0 (0.1–21.0)

Harvested lymph nodes Median (range) 16.0 (1–107) 18.0 (0–195) 0.203
Adjuvant treatment No 61 (21.0%) 2418 (23.7%) 0.151

Yes 155 (53.5%)zz 5631 (55.3%)§§

Recurrencejjjj

Colon Local recurrence 1 (1.8%) 101 (1.9%) 1.000
Distant recurrence 5 (8.9%) 505 (9.5%) 0.881

Rectum Local recurrence 11 (5.9%) 114 (3.6%) 0.102
Distant recurrence 22 (11.8%) 398 (12.4%) 0.784

ASA¼American Society of Anesthesiologists; BMI¼ body mass index; CEA¼ carcinoembryonic antigen.�
Not assessed (N/A) 6964 (68.4%).
yN/A 1547 cases.
zN/A 3 cases.
§ N/A 754 cases.
jjN/A 1134 cases.
� Included segmental resection of the colon, subtotal colectomy, total colectomy, and total proctocolectomy.
# N/A 80 (0.8%).��

N/A 117 (1.2%).
yyN/A 51 (0.5%).
zzN/A 74 (25.5%).
§§ N/A 2138 (21.0%).
jjjjExcluded patients who had benign disease or underwent palliative resection.
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presence of 3 risk factors (P< 0.001); 5-year OS showed the

TABLE 2. Factors Influencing Anastomotic Leakage in the Whole Cohort and Colon, Rectum With Stoma, and Rectum Without
Stoma Cohorts

Whole Cohort Colon Rectum (With and
Without Stoma)

Rectum Without Stoma

Multivariate Analysis OR 95% CI
P

Value OR 95% CI
P

Value OR 95% CI
P

Value OR 95% CI
P

Value

Age (>59/�59 years) 0.81 0.63–1.03 0.079 0.78 0.59–1.03 0.080 0.76 0.57–1.02 0.069
Sex (male) 2.63 1.96–3.53 <0.001 3.90 2.05–7.44 <0.001 2.37 1.70–3.31 <0.001 2.36 1.67–3.34 <0.001
Rectum/colon 4.64 3.49–6.16 <0.001
Hx abd surgery 0.94 0.67–1.32 0.711
nCRT 1.43 1.04–1.98 0.028 2.26 1.60–3.18 <0.001 2.40 1.71–3.37 <0.001
Type of operation

(laparoscopic surgery)
0.89 0.69–1.17 0.408

Diverting stoma 0.24 0.13–0.42 <0.001
T stage (4/0, 1, 2, 3) 0.87 0.56–1.36 0.545 0.78 0.40–1.49 0.446
N stage 1.33 1.04–1.68 0.021 1.43 1.08–1.90 0.012
Intraoperative transfusion 2.31 1.03–5.19 0.042
Operative time 1.28 1.00–1.63 0.047 1.73 1.05–2.84 0.032

ASA score, BMI, preoperative CEA (>5.0/�5.0), underlying disease (hypertension, diabetes mellitus, heart disease, cerebrovascular attack, and
pulmonary disease), preoperative stenting for obstruction, obstruction, perforation, emergency surgery, tumor location from the anal verge (�5.0 cm),
and T stage (3, 4/0, 1, 2) were excluded from multivariate analysis due to a P-value higher than 0.100 in univariate analysis. ASA¼American Society

c an

Park et al Medicine � Volume 95, Number 8, February 2016
this group was not associated with DFS (univariate results: OR,
0.69; P¼ 0.604). On the other hand, in the rectal group without
diverting stoma, independent prognostic factors included pre-
operative CEA, open surgery, pathologic T stage, pathologic N
stage, perineural invasion, venous invasion, and AL (Table 3).

The prognostic factors of OS in the colonic anastomosis
group were age, preoperative CEA, underlying pulmonary
disease, preoperative perforation, minimally invasive surgery,
diverting stoma, and intraoperative transfusion. In the rectal
group with diverting stoma, preoperative CEA, underlying
diabetes mellitus, pathologic T stage, and venous invasion were
independent prognostic factors of OS. AL in this group was not
associated with OS (univariate results: OR, 1.58; P¼ 0.453). On
the other hand, age, body mass index, underlying cerebro-
vascular disease, preoperative obstruction, minimally invasive
surgery, perineural invasion, and AL were independent prog-
nostic factors in the rectal group without diverting stoma
(Table 4).

We analyzed comparisons between the leakage and no
leakage groups with regard to DFS and OS. Five-year DFS was
not different between the leakage (72.4%) and no leakage
groups (80.9%) in the colon (P¼ 0.084); however, a worse
prognosis was noted in the leakage group of the whole cohort
(68.2% vs 79.3%, P< 0.001) and in the rectal anastomosis
group (67.0% vs 76.6%, P¼ 0.005). There was no significant
difference in 5-year OS in the colon group (82.3% vs 88.1%,
P¼ 0.198); however, 5-year OS did vary in the whole cohort
(78.4% vs 87.7%, P< 0.001) and rectal anastomosis group
(77.3% vs 87.1%, P< 0.001) (Figure 1).

We calculated the leakage rate and OR according to
number of risk factors in the colon and rectum. The leakage
rate in the colon increased gradually from 0.1% to 3.2% as sex,

of Anesthesiologists; BMI¼ body mass index; CEA¼ carcinoembryoni
surgery, nCRT¼ neoadjuvant chemoradiotherapy, OR¼ odds ratio.
intraoperative transfusion, and operative time risk factors were
added. This trend was also seen in the rectum. The leakage rate
increased gradually in the rectum with the addition of male sex,

4 | www.md-journal.com
nCRT, and positive regional lymph node metastasis. When the
patient had no risk factors, the leakage rate was expected to be
1.6%. When 3 risk factors were present, the leakage rate
increased to 11.3% (Figure 2). In addition, the number of risk
factors was associated with DFS and OS. Five-year DFS in
patients with colonic anastomoses who had no other risk factors
was 81.1%, while 5-year DFS in patients who had 3 risk factors
was only 64.1% (P< 0.009). The same trend was observed for
5-year OS: 5-year OS was 88.2% without any risk factors, but
was only 70.1% in patients with 3 risk factors (P< 0.001). Five-
year DFS in the rectal anastomosis group was 87.2% when the
patients had no risk factors, but decreased to 59.9% in the

tigen, CI¼ confidence interval, Hx abd surgery¼ history of abdominal
same trend. Five-year OS was 95.4% without any risk factors,
and 79.7% with 3 risk factors (P< 0.001) (Figure 3).

DISCUSSION
The postoperative complications of colon or rectal surgery

can pose serious problems and can adversely affect
mortality.1,22 Moreover, AL has been shown to be associated
with poor long-term prognosis.3,17,18,23,24 Although AL can
occur in patients without any known risk factors, evaluation
of the risk factors associated with AL could contribute to
surgical planning related to protection of the anastomosis, such
as creating a diverting stoma.

Although this was a single institutional study, its
strengths were that it used a large population of 10,477
patients from a prospectively collected database over a lo-
ng-term period of 12 years. We analyzed characteristics and
risk factors associated with AL and survival of the whole
cohort. Moreover, these factors were evaluated by group

based on the anastomotic site.

Male sex, intraoperative transfusion, and operative time
were determined to be independent risk factors of colonic AL in

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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this study. Several studies have demonstrated that intraoperative
transfusion and intraoperative blood loss are independently
associated with AL.5,14 Blood transfusion and postoperative

FIGURE 1. Comparison of disease-free survival and overall surviva
infection have been shown to synergistically augment post-
operative cytokine response.24 Operative time is also related to
AL,15 possibly due to intraabdominal adhesion or anastomotic

FIGURE 2. Leakage rate and odds ratio according to number of risk

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
variation. Several studies have reported male sex to be an
independent risk factor of AL in rectal resection.8,11,13,22,25,26

Male pelvic dissection is more difficult due to the narrower

leakage and no leakage groups.
pelvis; however, in the context of colonic resection, few studies
have reported male sex as a risk factor of AL.4 The reason for
the difference in AL rates between men and women in colonic

factors in colon and rectum.
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resection remains unclear. Further studies are needed to explain
this difference.

Male sex and nCRT have been accepted as AL risk factors
in rectal cancer surgery.8,11,22,25 In one study, preoperative
radiotherapy was an independent risk factor of AL, while
creation of a defunctioning stoma was not routinely recom-
mended in preoperatively radiated patients who received
25 Gy.22 However, nCRT was performed with 45 Gy in our
institution. Additionally, a meta-analysis showed that preopera-
tive radiotherapy might be a risk factor of AL.27 Few studies
have reported a relationship between regional lymph node stage
and AL, but there have been studies on the correlation between
Union for International Cancer Control stage and AL.7,28 The
anastomosis site should be closer to the anus in order to obtain

FIGURE 3. Disease-free survival and overall survival according to
an appropriate resection margin. The distance between the
anastomosis site and the anal verge is known to be a risk factor
of AL.7,13,22,25 In our study, tumor distance from anal verge was

8 | www.md-journal.com
not associated with AL; however, this relationship may have
been weak due to missing data (1134 of 3912 rectal anastomosis
cases). Further studies will be needed to resolve this issue. In
accordance with previous studies, this study showed a diverting
stoma to protect against AL.7,8

In our study, there were no differences between local or
distant recurrence in colonic and rectal surgeries. These results
are consistent with several prior studies.29–31 In contrast, 1
meta-analysis found an association between AL and local
recurrence in rectal surgery.18 This association might be
related to the release of a variety of acute-phase reactants
and proinflammatory mediators;18 however, the mechanism by
which AL might affect tumor recurrence remains uncertain.
Another study found that AL was significantly associated with

ber of risk factors in colon and rectum.
an increased rate of distant recurrence, which could have been
due to canceled or delayed administration of adjuvant che-
motherapy.17
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Anastomotic leaks were not associated with worse long-
term survival in patients who underwent resection for colon
cancer. Furthermore, in multivariate analysis, AL was not found
to be a negative independent prognostic factor in colonic
resection. In accordance with previous studies, our survival
analysis based on cancer stage between the AL group and non-
AL group showed significantly worse outcomes in the stage I/II
leakage group compared with the stage III/IV group (data not
shown). It might be related to associated comorbid medical
conditions of the patients.23 In addition, 42.3% of patients who
suffered from AL improved with conservative management.
The number of patients with delayed or canceled administration
of adjuvant chemotherapy, a known risk factor of decreased
survival, might be relatively small.17 The median hospital stay
for patients with colonic leakage was relatively short (16 days).
Although it was previously reported that rectal leakage made no
difference in long-term survival,1 we found that AL in the
rectum was an independent factor of poor OS.18,23,24,32 This
indicates that OS can be affected by both cancer-related and
noncancer-related factors.32 Although there was no difference
in the use of temporary stoma in patients with or without AL in
the rectum,22 many other reports have demonstrated that a
defunctioning diverting stoma effectively reduces the clinical
consequences of AL and reoperation.7,8,13,33–35 Thus, if patients
have risk factors for AL, the use of a defunctioning stoma is
recommended.14,15 In a randomized multicenter trial, 10.3% of
patients with a defunctioning stoma had symptomatic leakage,
while leakage was observed in 28.0% of those without a stoma
(P< 0.001).34 In a study of patients who underwent preopera-
tive radiotherapy, a defunctioning stoma was found to be an
independent risk factor for AL.8 The results of our study also
revealed that a diverting stoma could reduce AL in extraper-
itoneal anastomosis. Furthermore, rectal AL was a risk factor
associated with poor OS in patients without a stoma. Therefore,
creation of a diverting stoma should be considered for males,
patients who have undergone nCRT, and those with positive
regional lymph node metastasis in order to prevent AL.

The main limitations of this study were that it was
conducted at a single institution, and the retrospective study
design, which might result in bias. Additionally, there was a
lack of information regarding adjuvant chemotherapy and the
height of anastomosis in rectal surgery, which are known to
be associated with prognosis or AL. One study reported that
worse long-term prognosis in patients with AL might partly
account for canceled or delayed administration of adjuvant
chemotherapy.17 The inclusion of this information might
have explained the difference in prognosis between the 2
rectal groups.

In conclusion, the AL rate in the colon increased with the
added risk factors of male sex, intraoperative transfusion, and
operative time, while male sex, nCRT, and regional lymph node
metastasis increased the leakage rate in the rectum. AL in the
rectum is associated with long-term OS. Additionally, a divert-
ing stoma was shown to be protective against AL and was
associated with longer OS. Therefore, creation of a diverting
stoma should be recommended for patients with risk factors for
extraperitoneal anastomosis.
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