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Introduction: As survival rates of colon cancer increase, knowledge about functional outcomes is
becoming ever more important. The primary aim of this systematic review and meta-analysis was to
quantify functional outcomes after surgery for colon cancer. Secondly, we aimed to determine the effect
of time to follow-up and type of colectomy on postoperative functional outcomes.
Materials and methods: A systematic literature search was performed to identify studies reporting bowel
function following surgery for colon cancer. Outcome parameters were bowel function scores and/or
prevalence of bowel symptoms. Additionally, the effect of time to follow-up and type of resection was
analyzed.
Results: In total 26 studies were included, describing bowel function between 3 to 178 months following
right hemicolectomy (n = 4207), left hemicolectomy/sigmoid colon resection (n = 4211), and subtotal/
total colectomy (n = 161). In 16 studies (61.5%) a bowel function score was used. Pooled prevalence for
liquid and solid stool incontinence was 24.1% and 6.9%, respectively. The most prevalent constipation-
associated symptoms were incomplete evacuation and obstructive, difficult emptying (33.3% and
31.4%, respectively). Major Low Anterior Resection Syndrome was present in 21.1%. No differences be-
tween time to follow-up or type of colectomy were found.
Conclusion: Bowel function problems following surgery for colon cancer are common, show no
improvement over time and do not depend on the type of colectomy. Apart from fecal incontinence,
constipation-associated symptoms are also highly prevalent. Therefore, more attention should be paid to
all possible aspects of bowel dysfunction following surgery for colon cancer and targeted treatment
should commence promptly.

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Introduction

Annually, more than 1.8 million people are diagnosed with
colorectal cancer, which makes it the third most common type of
cancer worldwide [1]. Surgical resection of the tumor remains the
cornerstone of its curative treatment [2,3]. Extensive research
regarding curative oncological colorectal surgery and neoadjuvant
therapy has contributed to a noteworthy increase in survival during
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the past decades and has led to a current overall five-year survival
rate of 64% [4]. Therefore, clinicians are now able to extend their
focus to long-term functional outcomes following surgery for
colorectal cancer.

Despite the fact that the term ‘colorectal cancer’ is commonly
used, neither the anatomic sites of rectal and colon cancer are
similar, nor are etiology, treatment, and complications [5,6]. Func-
tional outcomes of rectal cancer surgery have been studied exten-
sively and are summarized in at least seven systematic reviews. It
appears that even years after surgery one third of the patients still
suffer from fecal incontinence [7—13]. Contrarily, reports on func-
tional outcomes following surgery for colon cancer are scarce and
are often conducted in relatively small study populations. This is

0748-7983/® 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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surprising, because colon cancer is more than twice as common as
rectal cancer [4]. To date, a systematic review and/or meta-analysis
of functional outcomes following surgery for colon cancer does not
exist. This hinders the decision-making process surrounding colon
cancer treatment because evidence-based knowledge of the ex-
pected postoperative bowel function is lacking. Such an overview
would be invaluable and will direct attention towards the func-
tional problems to be expected following surgery for colon cancer,
thus enabling patients to develop optimal postoperative coping
strategies [14,15].

The general opinion amongst physicians is that postoperative
bowel function improves slightly over time. To the best of our
knowledge, however, no systematic overview exists of bowel
function during the years following surgery for colon cancer. A
summary comparison between postoperative bowel function
following different types of oncological colonic resections is also
lacking.

Therefore, the primary aim of this systematic review and meta-
analysis was to quantify the functional outcomes following surgery
for colon cancer. Second, the functional outcomes were assessed
according to the time to follow-up and the type of colectomy.

Materials and methods

This systematic review and meta-analysis was conducted ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (Supplementary Table S1)
[16].

Search strategy

We performed a comprehensive literature search of the
PubMed, EMBASE, and Cochrane Library databases from January 1,
1995 up to November 1, 2020. The following keywords and/or
Medical Subject Heading (MeSH) terms were used: “Colorectal
Neoplasms”, “Colorectal Surgery”, “Colectomy”, “Anastomosis,
Surgical”, “Colon/surgery”, “Colonic Neoplasms/surgery”, “Signs
and Symptoms, Digestive”, “Fecal Incontinence”, and “Defecation”,
and in combination with free-text words related to bowel symp-
toms following different types of oncological colectomies. In
addition, references of the included studies and relevant reviews
were manually screened for additional studies not captured by the
initial literature search.

Study selection

Independently of each other, two authors, SJ.V. and J.E].,
selected the eligible articles retrieved by the initial search on the
basis of titles and abstracts. At this stage the reviewers were blin-
ded as to authors, institutions, and journals. Once a study met the
criteria for eligibility, the full text of the article was independently
analyzed. Discrepancies were solved by discussion and consensus
with a third author, E.J.B.F.

Studies were considered eligible if they met the following in-
clusion criteria: (1) the study contains data of adult colon cancer
patients who underwent a colon resection with primary anasto-
mosis, without construction of a pouch, with curative intention; (2)
at least one postoperative bowel function score or bowel symptom
is reported separately, with a time to follow-up of at least three
months. Exclusion criteria were: (1) a sample size of less than ten
patients, (2) the study only focuses on quality of life, (3) reviews,
case reports, editorials, and commentaries, (4) non-English studies,
(5) overlapping patient populations. If studies were based on the
same patient population, the study with the longest postoperative
time to follow-up was included. By including articles published
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after January 1, 1995, we captured twenty-five years of modern
oncologic surgery.

Outcomes of interest

The outcome focuses on bowel function, determined by either a
bowel function score or prevalence of a bowel symptom, that is
fecal incontinence, urgency, and stool frequency. A bowel function
score was considered to be as validated if a validation report could
be found in the literature. In addition, the outcomes were assessed
according to the length of postoperative follow-up and the type of
colon resection.

Quality assessment

The authors S.J.V. and ].E.J. assessed the methodological quality
of the included studies independently by using the Jadad score for
randomized studies and the Newcastle-Ottawa scale (NOS) for non-
randomized studies [17,18]. The Jadad score appraises randomiza-
tion, blinding, and withdrawals/dropouts of the individual study
with a total score ranging from 0 to 5 points (from low to high
quality). Using the NOS the domains patient selection, compara-
bility, and outcome were assessed that has a total score ranging
from 0 to 9 points (from poor to excellent quality). Additionally, the
Oxford Center for Evidence-based Medicine's Levels of Evidence
were determined for the individual studies [19].

Data extraction

The authors S.J.V. and ].EJ. independently carried out the data
extraction by cross-checking all the results. A standard data
extraction form was used to obtain the following details from each
selected full-text study: general study characteristics (first author,
year of publication, country of origin, study design, number of
included patients, length of follow-up), clinical characteristics (sex,
age), surgical characteristics (type of resection, surgical technique),
and outcome measures (reported bowel function scores, preva-
lence of bowel symptoms). The symptoms stool fragmentation and
stool clustering were taken together because previous studies
stated that these definitions overlap [11,20].

Data synthesis and statistical analysis

Random-effect models according to the DerSimonian and Laird
procedure were used to pool the most frequently reported bowel
function outcome measures including the 95% confidence intervals
[21]. Between-study heterogeneity was calculated using the I
measure of inconsistency, where values > 75% were interpreted as
considerable [22]. If means and standard deviations of the primary
outcome measures were not reported, the transformation tech-
niques of Hozo and colleagues and Wan and colleagues were used
[23,24]. By serially excluding studies, sensitivity analysis was per-
formed to analyze if the pooled outcomes were significantly
influenced by any study specifically. If the included intervention
studies only reported the bowel function outcome measure or
measures for the intervention and the control arm of the study
separately, each study arm was considered as a study population in
the meta-analysis. For longitudinal studies, the outcomes at the
longest time to follow-up were included in the meta-analysis. The
bowel function scores were only shown if the scores were
described in more than one study. If meta-analysis was not possible
descriptive synthesis was provided to summarize the results.
Figures were generated using GraphPad Prism, version 8.4.2
(GraphPad Software, California USA). All statistical analyses were
performed using R, version 3.6.3 (R Foundation of Statistical
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Computing, Vienna, Austria).

Results
Study characteristics

A total of 3027 unique records were screened based on titles and
abstracts and review of the full texts of 99 studies was performed,
resulting in 26 studies that met the eligibility criteria [25—50]. Both
descriptive and meta-analysis of all studies were performed. The
PRISMA flow diagram is shown in Fig. 1. The characteristics of all
included studies are reported in Table 1. These 26 studies repre-
sented a total of 8620 patients. A right hemicolectomy was per-
formed in 4207 patients, a left hemicolectomy or sigmoid colon
resection in 4211 patients, and a subtotal/total colectomy in 161
patients. In 41 patients the type of colectomy was not reported. The
postoperative time to follow-up ranged from three to 178 months.
The pooled age of all included patients was 69.3 years (95% CI,

European Journal of Surgical Oncology 47 (2021) 960969

67.8—70.7), with high heterogeneity (I* = 96.4%, P < 0.001, Sup-
plementary Fig. S1). Both the included randomized studies had a
Jadad score of 3. The mean NOS score of the 24 non-randomized
studies was 6.0 + 1.3. The separate Jadad and NOS score compo-
nents for all 26 individual studies are shown in Supplementary
Table S2.

Bowel function according to scores

Fourteen studies (53.8%) reported the outcomes of one bowel
function score and two studies (7.7%) reported the outcomes of two
scores. The most frequently used score for bowel function was the
Wexner score (n = 6, 23.1%, Supplementary Table S3). Meta-
analysis of the Wexner scores showed a pooled mean of 1.42 (95%
Cl, 0.77-2.07), with considerable heterogeneity (1> = 74.4%,
P < 0.001, Fig. 2A). Two studies could not be included in this meta-
analysis as the Wexner scores were not reported adequately.
Sensitivity analysis showed that the pooled result was highly

R
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c
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N h 4 v
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Full-text articles assessed Full-text articles excluded
Fq for eligibility > (n=73)
5 (n=99)
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w cancer (n=37)
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) (n=26) (n=4)
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(n=2)
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S

Fig. 1. PRISMA flow diagram of the study selection process.
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Table 1
Characteristics of the studies included in the systematic review and meta-analysis.
Study details Single or multi- No. of No. of patients Time to follow-up” Risk of bias
t tients® ding t
Study Study design center patients :cczroéng 0 Jadad or Newcastle Level of
yp Ottawa score” evidence
colectomy
Right Left STC
Adachi (2000) [25] Cross-sectional Single 38 N/A 38 N/ NR 6/9 2B
A
Bohm (2008) [26] Retrospective cohort Single 11 8 2 N/ 36 (14-55) months 6/9 2B
A
Brigic (2017) [27] Prospective cohort ~ Multi 91 47 44 N/ 6 and 12 months 5/9 2B
A
Cross-sectional Multi 85 48 37 N/ 2-4years
A
Buchli (2018) [28] Prospective cohort  NR 517 287 230 N/ 1year 5/9 2B
A
Dobrowolski (2009)  Prospective cohort  Single 43 N/A 43 N/ 6and 12 months 8/9 2B
[29] A
Elfeki (2019) [30] Cross-sectional Multi 3061 N/A 3061 N/ 66 (11-178) months 7(9 2B
A
Graf (1996) [31] Cross-sectional Single 40 NR NR NR 60 (36—83) months 719 2B
Ho (1996) [32] Cross-sectional Single 172 63 109 N/ 27.2(0.8) months 6/9 2B
A
Ho (1999) [33] Randomized NR 43 N/A 43 N/ Transanal stapling group: 11.7  5/5 1B
controlled trial A (1) months
BAR group: 11.4 (1.1) months
Ho (2000) [34] Randomized Single 35 N/A 35 N/ 6 months 5/5 1B
controlled trial A
Keane (2020) [35] Prospective cohort ~ Multi 123 N/A 123 N/ 45(IQR, 24—80) months 7/9 2B
A
Khan (2018) [36] Retrospective cohort Single 25 N/A N/A 25 49 months 5/9 3B
Larsen (2020) [37] Cross-sectional Multi 3306 3306 N/JA N/ 4.6 (0.8-14.7) years 7/9 2B
A
Lim (2001) [38] Cross-sectional Single 20 N/A N/A 20 41(11-125) months 4/9 3B
Matsuoka (2010) [39] Prospective cohort  NR 45 N/A 45 N/ 6 months 7/9 2B
A
Min (2016) [40] Prospective cohort  Single 24 N/A N/A 24 3—6 months 5/9 3B
Nehmeh (2019) [41] Retrospective cohort Single 92 N/A N/A 92 3and 12 months 3/9 4
Ng (2020) [42] Prospective cohort  Single 150 150 NJ/A N/ 5.4(2.8)years 6/9 2B
A
Ohigashi (2011) [43] Cross-sectional Single 82 38 44 N/ Right group: 892 (417) days 6/9 2B
A Left group: 885 (430) days
Sarli (2006) [44] Cross-sectional Single 57 N/A 57 N/ 12—18 months 6/9 2B
A
Sato (2003) [45] Cross-sectional Single 22 N/A 22 N/ NR 5/9 4
A
Scheele (2015) [46]  Cross-sectional Single 105 105 N/A N/ 5.0(3.0-8.3)years 6/9 2B
A
Su (2020) [47] Retrospective cohort Single 57 57 N/A N/ 3,6, and 12 months 5/9 2B
A
Thorsen (2016) [48]  Prospective cohort Multi 98 98 NJ/A N/ Experimental group: 31 (6-74) 7/9 2B
A months
Control group: 14 (6—30)
months
Van der Heijden Cross-sectional Single 29 N/A 29 N/ After protocol: 9.0 (4.4) months 7/9 2B
(2019) [49] A
Van Heinsbergen Cross-sectional Multi 249 N/A 249 N/ 5.2(2.3-8.3)years 7/9 2B
(2018) [50] A

Abbreviations: BAR, biofragmentable anastomotic ring; CME, complete mesocolic excision; IQR, interquartile range; NR, not reported; N/A, not applicable; STC, subtotal/total

colectomy.

4 Only the patients who met our inclusion criteria are shown, in some studies this was not the whole study population.
b Time to follow-up is reported in mean (SD), median (range) or IQR if indicated, follow-up was only for the included patients.
¢ The Jadad score applied to randomized studies (scores range from 0 to 5) and the Newcastle Ottawa Scale applied to all non-randomized studies (scores range from 0 to 9).

influenced by one study arm (Dobrowolski study arm IMA ligation).
Meta-analysis of the Wexner scores without this study arm resulted
in a pooled mean of 0.98 (95% CI, 0.67—2.78), with no heterogeneity
(I = 0.0%, P = 0.69).

The Low Anterior Resection Syndrome (LARS) score and the
McDonald & Heald Continence Grades were reported in five (19.2%)
and four (15.4%) studies, respectively (Supplementary Table S3).
Pooled prevalence of major LARS was 21.5% (95% Cl, 19.3—23.9)

963

with moderate heterogeneity between studies (> = 31.3%,
P =0.201). Pooling of the McDonald & Heald Continence Grades >3
(continence problems affecting lifestyle) resulted in a prevalence of
20.3% (95% CI,12.2—31.9) with considerable heterogeneity between
studies (I = 77.5%, P < 0.001). Three studies used an adapted
version of the McDonald & Heald Continence Grades, which was
converted into the original grading system based on the description
of the different grades.
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A.

Study Weight Mean (95% CI)
Dobrowolski (IMA preservation) 2009 -—.—« 24.98% 0.90 (0.42 - 1.38)
Ohigashi 2011 —— 24.71% 0.90 (0.40 — 1.40)
Lim 2001 — 18.33% 1.20(0.28 - 2.12)
Bohm 2008 ——— 14.82% 1.60 (0.42 — 2.78)
Dobrowolski (IMA ligation) 2009 —— 17.16% 3.00 (2.00 - 4.00)
RE Model (Q=15.65, df=4, P<0.001, 2=74.4%) — 100.00% 1.42 (0.77 - 2.07)

T T T T

0 1 2 3 4 5

Wexner score
BI

Study Weight Mean (95% Cl)
Su 2020 - 9.44% 1.00 (0.81 —1.19)
Brigic (early) 2017 ™y 9.32% 1.83 (1.60 — 2.06)
Ohigashi 2011 HH 9.11% 1.90 (1.62 - 2.18)
Ho (stapled) 2000 [ 9.68% 2.00 (1.91 —2.09)
Brigic (intermediate) 2017 A 8.96% 2.00 (1.69 - 2.31)
Scheele 2015 e 7.99% 2.00 (1.50 - 2.50)
Min 2016 HEH 9.05% 2.33 (2.03 - 2.63)
Ho (stapled) 1999 n 9.63% 2.40 (2.28 - 2.52)
Ho (BAR) 1999 . 9.68% 2.70 (2.61 —2.79)
Ho (BAR) 2000 - 9.45% 3.00 (2.81 -3.19)
Lim 2001 — 7.69% 3.50 (2.95 - 4.05)
RE Model (Q=247.57, di=11, P<0.001, 12=95.6%) <> 100.00% 2.23 (1.90 - 2.56)

[ I I : I I |

0 1 2 3 4 5

Stool frequency (number/24 hr)

Fig. 2. Random-effects meta-analysis of the studies that reported the Wexner score (A) or the stool frequency per 24 h (B) following surgery for colon cancer.

Bowel function according to the prevalence of bowel symptoms

The most frequently reported bowel symptom in the included
studies was stool frequency per 24 h (n = 20, 76.9%). Meta-analysis
of stool frequency showed a pooled mean of 2.23 (95% (I,
1.90—2.56) per 24 h, with high heterogeneity (I* = 95.6%, P < 0.001,
Fig. 2B). Sensitivity analysis showed that the pooled result was
significantly influenced by one study (Su) and meta-analysis of
stool frequency without this study resulted in a pooled mean of
2.35 (95% CI, 2.08—2.62), with high heterogeneity (I*> = 95.7%,

P < 0.001). In this meta-analysis we could not include twelve out of
the twenty studies reporting stool frequency per 24 h because it
was inadequately described. The pooled prevalence of all other
reported bowel symptoms associated with fecal incontinence or
constipation is shown in Fig. 3. The symptoms ‘incontinence for
flatus’ (37.9%, 95% CI, 32.1—44.1), ‘impossibility to defer defecation
for more than 15 min’ (37.7%, 95% CI, 31.1—44.8), and 'incomplete
defecation’ (33.3%, 95% Cl, 20.5—49.2) had the highest pooled
prevalence.

The use of laxatives was reported in three studies with a pooled
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Right colectomy (R)
I Left colectomy / sigmoid colon resection (L)
I Right or left colectomy (R+L)
Il Subtotal/total colectomy (STC)
{ Pooled prevalence (95% CI)

Straining
18.6 (11.0-29.8)

Unproductive call for stool
17.1(12.5-23.1)

Adachi 2000 Obstructive,
Elfeki 2019 difficult emptying
Sato 2003 31.4 (17.0-50.6)

>5 min per attempt to defecate
29.4(25.2-34.1)

Ohigashi 2011
Adachi 2000
Elfeki 2019
Ho 1996
Ohigashi 2011
Sato 2003

Incomplete
evacuation
33.3 (20.5-49.2)

Stool fragmentation
or clustering

21.0(19.4-22.7)
Elfeki 2019

T 1
S R
Prevalence (%)

Fig. 3. Prevalence of all reported bowel symptoms according to type of colectomy. Showing bowel symptoms associated with fecal incontinence (A) or constipation (B) that were

reported in multiple studies.

prevalence of 9.0% (95% CI, 5.0—15.9). Antidiarrheals were used by
10.5% (95% Cl, 5.2—20.3) of the pooled patients in nine studies. Six
studies described pad wearing, resulting in a pooled prevalence of
13.8% (95% (I, 10.7—17.6).

Bowel function according to length of postoperative follow-up

The outcomes of the Wexner score, LARS score, and McDonald &
Heald Continence Grades did not show differences depending on
the duration of postoperative follow-up, ranging from 6 to 41, 9 to
66, and 6—27 months, respectively (Fig. 4). Additionally, stool fre-
quency was analyzed showing a comparable number of stools per
24 h, independent of the duration of postoperative follow-up that
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ranged from 5 to 60 months (Fig. 5). Unfortunately, it was impos-
sible to make a subgroup meta-analysis of the effect of time to
follow-up on bowel function, because of the limited number of
studies for each length of follow-up.

Bowel function according to type of colectomy

The outcomes of the Wexner score, LARS score, and McDonald &
Heald Continence Grades according to the type of colectomy (right,
left, or subtotal/total) were comparable (Fig. 4). Stool frequency per
24 h was also comparable for the three different types of colectomy
(Fig. 5). In addition, there were no differences in the prevalence of
fecal incontinence or constipation-related symptoms according to
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type of colectomy (Fig. 3). Subgroup meta-analysis of the effect of
type of colectomy on bowel function was impossible because of the
limited number of studies including patients with right, or subtotal/
total colectomies.

Discussion

This systematic review and meta-analysis shows that bowel
function problems occur frequently following surgery for colon
cancer. Even though studies with a long-term follow-up were
included, no improvement of bowel function over time was
observed. Moreover, the type of colectomy did not seem to influ-
ence functional outcomes.

To the best of our knowledge, this is the first systematic review
and meta-analysis of bowel function following surgery for colon
cancer. With regard to fecal incontinence, the prevalence of in-
continence for liquid (24.1%) and solid stool (6.9%) found following
surgery for colon cancer were more than four times the prevalence
of both liquid and/or solid fecal incontinence in the general pop-
ulation with comparable age (6.9%) [51]. The extent of constipation
was not reported in any of the included studies. Nevertheless, the
pooled prevalence of the constipation-associated symptoms
‘incomplete evacuation” (33.3%) and ‘obstructive, difficult
emptying’ (31.4%) was around twice that of chronic idiopathic
constipation in the general population with comparable age, which
in a previous meta-analysis had been pooled as 17.0% [52]. More-
over, the prevalence of major LARS following surgery for colon
cancer, which incorporates symptoms of both fecal incontinence
and constipation [53], was one and a half times that reported in the
community with comparable age (21.1% versus 14.0%) [54].

Even though bowel function following surgery for colon cancer
was impaired, these patients still had favorable outcomes
compared to patients who had undergone surgery for rectal cancer,
for which a prevalence of 41% major LARS has been pooled [13].
However, the LARS score was built to capture the major symptoms
following rectal resections and was not validated for use following
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colon cancer [53]. Additionally, the majority of studies regarding
surgery for rectal cancer concentrated on patients with very low
rectal resections [11] and neoadjuvant radiotherapy, both of which
are known to severely impair bowel function [8,13,55].

Our findings indicate that impaired bowel function still occurred
following colon cancer, despite not having to enter the pelvis which
has vulnerable neural structures, as is necessary in surgery for
rectal cancer. Given the diversity of the postoperative bowel
symptoms, the causes of bowel function problems following sur-
gery for colon cancer are probably multifactorial. One factor that
has been postulated to reduce sensory and motor functions of the
colon is traction and iatrogenic injury to the colonic vascularization
and/or innervation that may occur during mobilization of the colon
[42,56]. This might be supported by the high number of
constipation-associated symptoms that were shown in this sys-
tematic review. Furthermore, different animal studies showed
increased colonic migrating motility following partial resection or
denervation of the colon, probably due to fewer inhibitory signals
after autonomic denervation [57—59]. This has, however, not yet
been fully established following surgery for colon cancer in
humans. Finally, surgical removal of a part of the colon may lead to
reduced stool storage capacity and therefore more liquid stool,
causing increased stool frequency, urgency, and incontinence for
liquid stool.

Although the majority of the studies focused solely on aspects of
fecal incontinence following surgery for colon cancer, we found
that patients suffered equally from constipation-associated symp-
toms. In general, clinicians have the tendency to overestimate the
impact of fecal incontinence and underestimate the discomfort of
constipation-associated symptoms such as clustering of stools
[60,61]. As we found a pooled Wexner score of 1.4, which indicates
minimal fecal incontinence [62], it would seem that the combina-
tion of different defecation problems, rather than fecal inconti-
nence alone, is what afflicts colon cancer patients following
surgery. Therefore, we conclude that bowel function problems
following surgery for colon cancer cannot be captured by
measuring fecal incontinence only.

In contrast to general opinion, we found no clear indication that
bowel function following surgery for colon cancer improves over
time. This observation is solely based on descriptive findings,
because the data were too heterogeneous for conducting a meta-
analysis. The finding that bowel dysfunction does not improve
over time was also observed in a systematic review of patients with
rectal cancer [9]. Improving the quality of evidence regarding
bowel function over time warrants longitudinal studies with a
follow-up of more than one year. Prior to such studies, it would be
advisable to starting targeted treatment early, because post-
operative bowel function problems are unlikely to disappear
spontaneously over time.

Regarding the types of colectomy, either right, left, or subtotal/
total, no clear differences in functional outcome were observed.
Once again, this analysis could only be performed descriptively
because of the heterogeneity of the data. Some of the included
studies suggested more bowel dysfunction following right-sided
colon resections compared to left-sided resections, reportedly
related to the loss of the ileocecal valve [28,43]. To answer this
question conclusively, large longitudinal studies are required that
focus primarily on the differences between different oncological
colectomies.

Limitations
The pooled functional outcomes were of considerable hetero-

geneity, which implies that they should be interpreted with
caution. The diversity of the studies precluded sub-analyses
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according to the time to follow-up and differences between the
types of colectomy. Apart from the heterogeneity in the meta-
analyses, it was difficult to assemble a uniform picture of post-
operative functional outcomes, because of the variety in bowel
function scores and symptoms that were reported. This issue was
raised previously in systematic reviews regarding surgery for rectal
cancer [7—11]. We did not pool overall postoperative incontinence
and/or constipation, because the resulting estimate would be un-
reliable. Furthermore, less than two-thirds of the included studies
used a validated bowel function score, which restricts the value of
the available evidence. Because there is no currently validated
bowel function score for use after surgery for colon cancer, we
included not only all bowel function scores, but also the individual
bowel symptoms to strengthen the validity of our outcomes.
Finally, some interesting studies had to be excluded due to the
inclusion of patients with and without a pouch, which was an
exclusion criterion in the current meta-analysis because previously
pouches have been described as influencing postoperative bowel
function [63,64].

Clinical implications

The number of bowel function problems following surgery for
colon cancer underscores the necessity of paying more attention to
bowel dysfunction during preoperative counseling and post-
operative follow-up, although oncological outcomes still need to be
prioritized. The fact that only 9.0% of the patients used laxatives and
that 10.5% were on antidiarrheals despite the high incidence of
bowel function problems, suggests that bowel dysfunction goes
practically untreated following surgery for colon cancer. Clinicians
should address both fecal incontinence and constipation-
associated complaints regularly during the long-term follow-up
of colon cancer patients so as to promptly commence targeted
treatment of the bowel function problems.

Future research

More large, longitudinal studies are required that use validated
bowel function scores following surgery for colon cancer. Further-
more, multiple validated bowel function scores should be included
in future trials investigating new ways of treating colon cancer. In
addition, broad risk analyses of surgical details could lead to
identifying surgical innovations that would benefit functional
outcomes. Lastly, more attention needs to be paid to the physio-
logical and pathophysiological sensory and motor functions of the
colon and to colonic innervation. This knowledge could point to
new ways of avoiding colonic denervation during surgery for colon
cancer.

Conclusions

This systematic review and meta-analysis shows that bowel
function problems following surgery for colon cancer are common
and seem to persist over time. Regarding the type of colectomy no
clear difference in functional outcome was observed. Both fecal
incontinence and constipation-associated symptoms were preva-
lent, indicating that postoperative bowel function problems cannot
be captured by only measuring fecal incontinence. During preop-
erative counseling more attention should be paid to possible bowel
dysfunction and to long-term follow-up of these patients and tar-
geted treatment should commence promptly. Future studies will be
valuable in determining the pathophysiological mechanisms of
bowel dysfunction following surgery for colon cancer and in
identifying areas for surgical innovations that benefit patients’
postoperative bowel function.
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