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ABSTRACT

Aim: Bowel dysfunction after colon cancer (CC) surgery is widely neglected in current follow up pro-
grammes. This study explored changes in bowel function and quality of life (QoL) from three (3 m) to
twelve months (12m) after surgery in CC patients undergoing right- or left-sided colon resection
(RightSCR/LeftSCR) and investigated differences between the two groups 12 m after surgery.

Method: CC patients undergoing surgical resection in 2018-2020 at five surgical departments were
included in this population-based prospective cohort study. Included patients completed electronic
surveys consisting of a collection of validated scores 3m and 12 m after surgery.

Results: A total of 708 CC patients (423 RightSCR, 285 LeftSCR) were included. In RightSCR, no
improvement was observed from 3m to 12m in most scores/items, on the contrary, symptom worsen-
ing in flatus- and faecal incontinence and urgency was observed (p < 0.05). Also, the proportion of
patients rating their bowel function as very good/good decreased (p < 0.05) in this group.

In LeftSCR improvement was found in flatus and faecal incontinence, urgency and night-time defaeca-
tion (p < 0.02), while no improvement was observed in the remaining scores/items.

At 12m, higher proportions of RightSCR than LeftSCR reported loose stools, incontinence and urgency
(all p<0.001), whereas LeftSCR more often reported hard stools and flatus incontinence (p < 0.05).
Among all CC patients 18.3% reported bowel-related impairment of QoL at 12m with no differences
between the two groups.

Conclusion: From 3m to 12m no significant change was observed in the majority of bowel function
and QoL scores/items, however, some symptoms worsened in RightSCR, while a few improved in
LeftSCR. Bowel dysfunction and impaired QoL were still common in both groups at 12m, although
the symptom pattern differed between the groups. These findings call for a systematic screening for

ARTICLE HISTORY
Received 11 April 2023
Accepted 2 August 2023

KEYWORDS

Colon cancer; late sequelae;
bowel dysfunction; quality
of life; screening

bowel dysfunction to ensure early treatment of symptoms.

Introduction

Colorectal cancer (CRC) is the third most common cancer
worldwide and the second most common cause of cancer-
related death [1]. Survival rates have increased significantly
during the past decades [2,3], and a global trend towards an
increasing number of young people being diagnosed with
CRC has been observed [4-6]. These trends have produced a
rising number of CRC survivors.

Whereas the continuously improving oncological outcomes
after colon cancer (CC) treatment have been analysed exten-
sively in prior publications [3,7,8], the long-term functional con-
sequences of treatment have received less attention. Most
studies of functionality following surgical CRC treatment have
focused on rectal cancer (RC) patients because of a well-

documented high prevalence of late sequelae and impaired
quality of life (Qol) in this patient group [9-15]. In contrast,
functional results after surgical treatment of CC are still poorly
documented in the literature. Most of the few previously pub-
lished studies investigating late sequelae after CC are primarily
cross-sectional, include < 100 patients, and often pool CRC
patients, making it difficult to identify the specific problems
experienced by the subgroup of CC patients [16]. However,
three recent studies including large patient numbers [17-19]
have demonstrated that a significant proportion of CC patients
suffer from severe long-term bowel dysfunction and that the
symptom pattern differs between patients undergoing right-
and left-sided colon resection. Even so, the specific impact of
surgery on CC patients’ bowel function and QoL over time
remains unclear and needs to be further investigated.
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In this study, we hypothesised that CC patients’ bowel func-
tion would improve spontaneously during the first year after
surgery and that the symptoms still present at that time would
differ between patients undergoing a right-sided colon resec-
tion (RightSCR) and a left-sided colon resection (LeftSCR).

Hence, the primary aim of the present study was to
explore changes in bowel function and QoL from 3 months
(3m) to 12months (12 m) after surgery in CC patients under-
going a RightSCR or a LeftSCR.

The secondary aim was to investigate differences in bowel
function and QoL 12m after surgery between these two
groups of CC patients.

Methods

Data for the present study were extracted from the database
of a large, ongoing, multicentre, population-based, prospect-
ive cohort study investigating late sequelae following CRC
treatment via patient-reported outcome measures (PROMs).
A detailed presentation of the study design has been pub-
lished previously [20].

In- and exclusion criteria

Eligible for the present study were CC patients older than
18years who underwent resectional surgery at the surgical
departments at Aarhus, Viborg, Randers, Aalborg, and
Hjoerring hospitals, which cover 23% of all CC cases in
Denmark [21]. Patients were included if they had a right-
sided hemicolectomy, an extended right-sided hemicolec-
tomy or a left-sided hemicolectomy which includes resection
of the sigmoid colon according to Danish guidelines.
Patients undergoing other types of colonic cancer surgery
were excluded from the analyses. Patients with advanced
tumours, defined as tumour growth beyond the mesocolic
fascia, histopathological pT4 tumours with invasion of adja-
cent structures, or peritoneal carcinomatosis were also
excluded, as these patients were enrolled in another scien-
tific study with similar aims. Further exclusion criteria were
cognitive impairment, linguistic limitations, participation in
another scientific study running counter to the present one,
or not living in the region of one of the participating centres.
Also, patients were excluded if the project nurse considered
it unethical to approach the patients due to late-stage disea-
se/palliative treatment, severe comorbidity, or other major
physical/mental limitations.

Patients who completed PROMs at both 3 and 12 months
after surgery were included. We excluded patients from the
analyses if the survey was completed outside the accepted
time range, defined as less than two months or more than
seven months after surgery for the 3m survey, and less than
ten months or more than 16 months after surgery for the
12 m-survey.

Data and data sources

Electronic PROMs were distributed via ‘e-Boks’, a secure public
electronic mail system provided by the Danish government
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[22]. A paper version of the PROMs was distributed by ordinary
mail to patients not capable of/willing to respond electronic-
ally. Clinical variables were extracted from the national clinical
database of the Danish Colorectal Cancer Group (DCCG) [23].
In this database, > 95% of all patients with a first-time CRC
are registered, and the database has proven to provide highly
valid and complete data [24]. Information on post-operative
chemotherapy was extracted from the patient charts, whereas
presence of a stoma was reported by the patients.

The PROM collection consisted of the Bristol Stool Form
Scale [25,26], the Patient Assessment of Constipation
Symptoms (PAC-SYM) questionnaire [27,28], the Low Anterior
Resection Syndrome (LARS) score [29], the St. Marks Faecal
Incontinence/Vaizey score [30], the EuroQoL 5 Dimensions-5
levels (EQ5D-5L) score [31-33]. Furthermore, five ad hoc
items not covered by the above-mentioned validated scores
were added. All validated scores and ad hoc items are pre-
sented in detail in Appendix A (Table A1).

Statistical analyses

Type of surgery was dichotomised into two groups: RightSCR
(right-sided hemicolectomies and extended right-sided hemi-
colectomies) and LeftSCR (left-sided hemicolectomies and
sigmoid resections).

Clinical and sociodemographic characteristics of the
included patients were presented separately for RightSCR
and LeftSCR, with numbers (n) (%) for categorical variables
and mean (Standard Deviation (SD)) for continuous variables.

Bowel function and QoL at 3m and 12m were presented
separately for RightSCR and LeftSCR with n (%) for categor-
ical variables and median (interquartile range (IQR)) for con-
tinuous variables. Differences between the two time points
within the groups were tested using McNemar’s test or the
Wilcoxon Signed Rank Test, depending on the type and dis-
tribution of the variables.

Differences between RightSCR and LeftSCR at 12m were
tested using the Wilcoxon Rank Sum Test and Fisher’s Exact
test, as appropriate.

For categorical variables with three response options,
each response option was tested against the total of the two
other response options.

Differences in means and proportions were presented
with a 95% confidence interval (Cl).

The distribution of PAC SYM variables was right-skewed
and dominated by zeros. Therefore, the median and IQR
were reported in Tables 2 and 3. We reported the mean
change of PAC SYM from 3m to 12m in Table 2 along with
their 95% Cls, which were calculated using the bootstrap
method. The p-values were calculated using the sign-rank
test. For comparison of RightSCR and LeftSCR of the PAC
SYM variables, we used quantile regression for medians and
differences between the medians and their 95% Cl along
with the p-value were reported.

Due to the high number of included variables, only symp-
toms showing statistically significant differences are pre-
sented in the text, while all results are shown in tables.
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A multivariate logistic regression analysis was conducted
to investigate the association of selected variables with the
ad hoc item ‘Overall, how much does your bowel function
affect your quality of life?” at 12m. For this purpose, the
response options were dichotomised into ‘not at all/a little’
versus ‘somewhat/very much’. Age, gender, body mass index,
type of surgery, surgical approach, chemotherapy, patho-
logical Union for International Cancer Control (pUICC) stage,
WHO performance status, Charlson comorbidity index and
presence of a stoma at 12m were included as independen-
t/explanatory variables. Since bowel function is a part of the
binary outcome of the regression analyses (‘How much does
bowel function affect your QolL’) bowel function was not
included among the explanatory variables.

Ethical approvals

Participants signed an informed consent form after receiving
information about the study. This survey-based study did not
require consent from the National Committee on Health
Research Ethics in Denmark. It was registered with the
Danish Data Protection Agency as Health Science Research
of the Central Denmark Region.

Results
In- and exclusions

A flow chart of included and excluded patients is presented
in Figure 1.

Among 1,168 CC patients undergoing a RightSCR or a
LeftSCR at the participating centres during the inclusion
period, 184 were excluded for reasons shown in Figure 1.

Meeting inclusion criteria: 1,168

Invited: 984

|

3m survey completed: 766

3m + 12m survey completed: 730

Included in analyses: 708

Figure 1. Flow chart of the in-/excluded patients.

Among the invited 984 CC patients, 766 accepted to partici-
pate and completed the survey at 3m, corresponding to an
inclusion rate of 77.8%. After having completed the 3m sur-
vey, another 58 patients were excluded (Figure 1). Hence, a
total of 708 patients of the initially eligible patients were
included in the final analyses (72.0%).

Patient characteristics

Table 1 shows the clinical and sociodemographic characteris-
tics of the 708 patients, among whom 423 (59.7%) had
undergone a RightSCR and 285 (40.3%) a LeftSCR.

The median (IQR) time between surgery and completion
of the 3m survey was 105 (97-119) days; for the 12m sur-
vey, 373 (366-384) days.

Change in bowel function and QoL from 3m to 12m

A total of 46 patients with a stoma at 3m and/or 12 m were
excluded from these paired analyses. The results for the
remaining 662 patients are presented in Table 2.

RightSCR: no change or symptom worsening

In RightSCR, no changes were observed in most scores/items
from 3m to 12m. However, patients having undergone
RightSCR experienced a statistically significant symptom wor-
sening from 3m to 12m in the rectal subscale of the PAC-
SYM (mean diff (95% Cl) 0.07 (0.02;0.13), p=0.01). However,
as the minimal important difference (MID) for PAC-SYM has
previously been established to be 0.6 points [28] the size of
the difference is considered clinically irrelevant.

Exluded: 184
Cognitive: 43
Language: 16
Other study: 2
Other region: 11
Palliative: 20
Comorbidity: 11
Other: 13
Missed: 68

Non-responders: 119
Decliners: 99

12m survey missing: 36
Non-responders: 33
Consent withdrawn: 3

Response out of time

range: 22
3m: 19
12m: 3




Table 1. Patient characteristics (n = 708).
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Left-sided colon resection
n=285 (40.3 %)

Right-sided colon resection
n=423 (59.7 %)

Male gender, n (%)
Age at surgery, mean (SD)
Type of surgery, n (%)
Right-sided hemicolectomy
Extended right-sided hemicolectomy
Left-sided hemicolectomy
Sigmoid resection
Body Mass Index, mean (SD)
WHO Performance Status, n (%)
0
1
2-4
Charlson Comorbidity Score, n (%)
0
1-2
>2
pUICC stage, n (%)
0-2
3
4

Surgical access, n (%)
Laparotomy (incl. converted)
Laparoscopy
Post-operative chemotherapy, n (%)
Stoma at 3 months and/or 12 months after surgery, n (%)
Grade b/c anastomotic leak?, n (%)

210 (49.7) 165 (57.9)
71.97 (9.88) 68.06 (11.19)
344 (81.5) -
79 (18.7) -
- 77 (27.0)
- 208 (73.0)
26.65 (4.90) 27.01 (4.89)
283 (68.5) 209 (74.6)
104 (25.2) 57 (20.4)
26 (6.3) 14 (5.0)
161 (39.0) 124 (43.8)
190 (45.9) 120 (42.4)
63 (15.2) 39 (13.8)
273 (66.6) 179 (63.9)
120 (29.3) 79 (28.2)
17 (4.15) 22 (7.9)
82 (19.4) 30 (10.6)
340 (80.6) 254 (89.4)
96 (22.7) 87 (30.5)
13 (3.1) 33 (11.6)
6 (1.4) 6 (2.1)

WHO: World Health Organisation, pUICC : pathological Union for International Cancer Control.

2Symptomatic leakage requiring active therapeutic treatment.

A worsening of three other symptoms was also observed
among patients having undergone RightSCR. The proportion
of patients never experiencing flatus incontinence decreased
from 3m to 12m (38.6% versus 33.1%, p =0.03. The propor-
tion of patients never experiencing incontinence for liquid
stool declined from 62.3% at 3m to 54.9% at 12m (p=0.01).
The proportion of patients who never experienced faecal
urgency decreased from 352% at 3m to 30.2% at 12m
(p=0.048). As shown in Table 2, it seems that the patients
are ‘moving down the scale’, which corresponds to a worsen-
ing of symptoms.

Also, the proportion of patients who rated their bowel
function as ‘Very good/good’ decreased from 68.8% to 63.7%
(p=0.047).

LeftSCR: no change or symptom improvement
In patients who had received LeftSCR, no changes were
observed in most scores/items from 3m to 12m. However,
from 3m to 12m, an improvement was observed in five
bowel function scores/items. A decrease from 3m to 12m
was observed in the proportion of patients reporting weekly
flatus incontinence (47.2% versus 39.0%, p=0.02). Likewise,
the proportion reporting weekly liquid stool incontinence
decreased from 11.4% to 2.9% (p < 0.001), weekly urgency
decreased from 33.5% to 22.2% (p<0.001), and weekly
night-time defaecation from 13.0% to 7.7% (p=0.01). As
shown in Table 2, it seems that the patients are ‘moving up
the scale’, which corresponds to an improvement of
symptoms.

Also, the St. Mark’'s Faecal Incontinence Score decreased
(mean difference (95% CI) —0.61 (—1.10;—0.13), (p =0.01).

Differences between RightSCR and LeftSCR at 12m

A total of 31 patients with a stoma at 12m were not
included in these comparative analyses. Among the remain-
ing 677 patients, differences between RightSCR and LeftSCR
were found in some bowel symptoms at 12m. These symp-
toms are highlighted in the last column of Table 3.

Symptoms more prevalent in RightSCR than in LeftSCR
at 12m

At 12m, a higher proportion of RightSCR than LeftSCR
patients had Bristol Stool Type 6-7 (loose stools) (20.1% ver-
sus 5.1%) (p <0.001). Also, RightSCR patients had a poorer
function than LeftSCR patients had with regards to the two
LARS Score items a) incontinence for liquid stool (‘never’ in
55.0% versus 68.7%, p <0.001) and b) urgency (‘never’ in
29.8% versus 46.9%, p < 0.001) (Table 3). Despite these differ-
ences, the proportion of patients using constipating agents
was similar in the two groups (5.5% versus 5.0%, p=0.81).

Symptoms more prevalent in LeftSCR than in RightSCR
at 12m

At 12m, hard stool consistency (Bristol Stool Chart Type 1-2)
was reported by 10.2% of LeftSCR patients and by 6.0% of
RightSCR patients (p = 0.046).

LeftSCR patients scored higher (poorer function) in the
Abdominal subscale of the PAC-SYM, with a mean difference
(95% Cl) of —0.25 (—0.34; —0.16) (p<0.001) and higher in
the Stool subscale of the PAC-SYM, with a mean difference
(95%Cl) —0.40 (—0.50; —0.30) (p =< 0.001). However, these
small differences are considered clinically irrelevant.
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Table 2. Continued.

Left-sided colon resection (n=252)

Right-sided colon resection (n =410)

Comparison of 3 m versus 12 m

Comparison of 3 m versus 12 m

Bowel function scores and items

Difference (95% Cl)

Difference (95%Cl)
—1.6 (—5.5; 2.3)

12m

3m

12 m

3m

0.37

16 (6.5)

20 (8.1)

0.86

03 (-27;3.2)

27 (6.7)

26 (6.4)

Bad/very bad
Impact of bowel function on qualit

0.88

—04 (—6.2; 5.4)

47 (18.9)

48 (19.3)

0.54

—1.2 (-5.5; 3.0)

65 (16.1)

y of life?, n (%)

70 (17.3)

Some/a lot”
EQ5D-5L, median (IQR)

0.70

0.01 (—0.02; 0.01)*

0.96 (0.90; 1.00)

0.80 0.95 (0.91; 1.00)

0.00 (—0.01; 0.01)*

0.95 (0.88; 1.00)

0.95 (0.88; 1.00)

3 m/12m: 3/12 months after surgery;

Index value

PAC-SYM: Patient Assessment of Constipation Symptoms;
LARS Score: Low Anterior Resection Syndrome Score;

EQ5D-5L: EuroQol 5 Dimensions - 5 Levels.

Patients with stomas at 3m and/or 12m were not included (n =46).

aad hoc items.

Pversus ‘not at all/a little’. *Difference between means (95% Cl) (see Method section).

Red: Worsening from 3 m to 12m, p < 0.05.

Green: Improvement from 3m to 12m, p < 0.05.
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Finally, a smaller proportion of LeftSCR patients (24.0%)
than RightSCR patients (32.9%) reported never experiencing
flatus incontinence (p =0.01).

For the remaining scores and items, no differences were
found between RightSCR and LeftSCR patients at 12m.

Factors associated with impact of bowel function on
QoL at 12m

Among all patients, seven did not respond to the item
‘Overall, how much does your bowel function affect your
quality of life?” at 12 m. Hence, they were not included in the
logistic regression analyses exploring the association
between selected clinical variables and impact on Qol.
Among the remaining 701 patients, 128 (18.3%) responded
‘Somewhat’ or ‘Very much’ to this item at 12m.

The multivariate logistic regression analysis revealed that
age younger than 64 years and having a stoma at 12m were
the only two independent risk factors for reporting
‘Somewhat’ or ‘Very much’ impact of bowel function on QoL
at 12m (Table 4).

Discussion

This is the first large population-based prospective cohort
study using validated PROMs to investigate changes in bowel
function and QoL during the first year after CC surgery. An
inclusion rate of 72% was obtained, comprising 708 CC
patients finally included in the analyses.

Main findings; change from 3m to 12m

We found that the majority of RightSCR patients’ and
LeftSCR patients’ symptoms remained stable from 3m to
12m after surgery. However, some symptoms worsened in
RightSCR patients, whereas some symptoms improved in
LeftSCR patients. This might be explained by the fact that
many RightSCR patients develop bile acid malabsorption
and/or small intestinal bacterial overgrowth, which may be
the driver of their symptoms [34]. Resection of the ileocecal
valve may allow colonic bacteria to colonise the distal small
intestine. Typical symptoms of small intestinal bile acid mal-
absorption are diarrhoea, bloating, pain or, in severe cases,
malabsorption. Additionally, resection of even a few centi-
metres of the terminal ileum may cause bile acid malabsorp-
tion from lack of resorptive capacity for bile acids or
impaired small intestinal production of the enteric hormone
FGF-19. This may be further aggravated by bacterial decon-
jungation, and thereby reduced resorption, of bile acids.
Usually almost 98% of bile acids are resorbed in the distal
ileum. When excessive amounts of bile acids reach the colon,
they cause secretion and enhance peristalsis resulting in bile
acid diarrhoea. In a recent study, we found that bile acid
diarrhoea was the most common cause of diarrhoea after
surgery for RightSCR. The condition is unlikely to improve
without a specific diagnosis and treatment. LeftSCR patients,
on the other hand, are more often bothered by ‘LARS-like’
symptoms, which may possibly improve over time with
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Table 3. Bowel symptoms in right- and left-sided colon resections 12 months after surgery (n =677).

Right-sided colon Left-sided colon Difference (95% Cl) p
Bowel function scores and single items
Bristol stool chart, n (%)
1-2 (hard) 24 (6.0) 26 (10.2) —4.2 (—8.6; 0.1) 0.046
3-5 (normal) 298 (74.0) 216 (84.7) —10.8 (—16.9; —4.6) 0.001
6-7 (loose) 81 (20.1) 13 (5.1) 15.0 (10.3; 19.8) <0.001
PAC SYM, median (IQR)
Abdominal 0.25 (0.00-1.00) 0.50 (0.00-0.75) —0.25 (—0.34; —0.16) <0.001*
Rectal 0.00 (0.00-0.67) 0.00 (0.00-0.67) 0.00 (—0.12; 0.12) 1.00
Stool 0.40 (0.20-1.00) 0.80 (0.40-1.40) —0.40 (—0.50; —0.30) <0.001*
Total 0.42 (0.16-0.83) 0.50 (0.25-0.92) —0.08 (—0.17; 0.01) 0.07
LARS Score items
Flatus incontinence, n (%)
Never 134 (32.9) 62 (24.0) 8.9 (2.0,15.8) 0.01
<1 per week 154 (37.8) 96 (37.2) 0.6 (—6.9; 8.2) 0.87
>/= 1 per week 119 (29.2) 100 (38.8) —9.5 (—16.9; —2.1) 0.01
Incontinence liquid stool, n (%)
Never 224 (55.0) 178 (68.7) —13.7 (-21.1; —6.3) <0.001
<1 per week 148 (36.4) 73 (28.2) 8.2 (1.0; 15.4) 0.03
>/= 1 perweek 35 (8.6) 8 (3.1) 5.5 (2.1; 9.0) 0.005
Bowel movement frequency, n (%)
>/=4 36 (8.8) 32 (12.4) —3.6 (—8.5; 1.3) 0.13
1-3 310 (75.8) 188 (72.9) 2.9 (—3.9; 9.8) 0.40
<1 63 (15.4) 38 (14.7) 0.7 (—4.9; 6.2) 0.81
Fragmented defaecation, n (%)
Never 165 (40.6) 101 (38.9) 1.8 (—5.8; 9.4) 0.64
<1 per week 126 (31.0) 97 (37.3) —6.3 (—13.7; 1.1) 0.09
>/= 1 per week 115 (28.3) 62 (23.9) 45 (—2.3; 11.3) 0.20
Urgency, n (%)
Never 122 (29.8) 122 (46.9) —17.2 (=24.7; —=9.7) <0.001
<1 per week 152 (37.1) 79 (30.4) 6.7 (—0.6; 14.0) 0.08
>/= 1 per week 136 (33.2) 59 (22.7) 10.5 (3.7; 17.3) 0.004
St. Mark’s Incontinence Score, median (IQR)
Total score 4,00 (0.50-7.00) 3.5 (0.5-7.00) 0.5 (—0.20; 1.20) 0.16
Night-time defaecation®, n (%)
Never 340 (82.9) 200 (76.9) 6.0 (—0.3; 12.3) 0.06
<1 week 45 (11.0) 36 (13.9) —29(-8.1; 2.3) 0.27
>/= 1week 25 (6.1) 24 (9.2) —3.1(-74;1.1) 0.13
Use of medication and fibre supplements
Constipating agents, n (%) (St. Mark’s Faecal Incontinence Score item)
Yes 22 (5.5) 13 (5.0) 0.4 (-3.0; 3.9) 0.81
Laxatives?, n (%)
Yes 57 (14.1) 51 (20.0) —5.9 (=11.9; 0.1) 0.05
Fibre supplements®, n (%)
Yes 104 (25.5) 70 (27.1) —1.6 (—8.5; 5.2) 0.64
Self-rated bowel function and quality of life
Self-rated bowel function?, n (%)
Very good/good 263 (63.7) 163 (62.7) 6.4; 8.6 0.76
Acceptable 122 (29.6) 81 (31.2) — —8.7; 5.6) 0.67
Bad/very bad 27 (6.6) 16 (6.2) 04 (—34;42) 0.84
Impact of bowel function on quality of life, n (%)
Some/a lot® 68 (16.5) 48 (18.5) —2.2; (—8.2; 3.7) 0.46
EQ5D-5L, median (IQR)
EQ5D index value 0.95 (0.88; 1.00) 0.96 (0.90; 1.00) —0.01 (—0.03; 0.02) 0.59

Patients with a stoma at 12 months were not included (n=31).

PAC-SYM: Patient Assessment of Constipation Symptoms; LARS Score: Low Anterior Resection Syndrome Score; EQ5D-5L: EuroQol 5 Dimensions — 5 Levels instrument.

ad hoc items.
Bversus 'not at all/a little’. *Clinically irrelevant difference.

Yellow: Worse symptoms in right-sided - than in left-sided resected patients, p < 0.05.
Blue: Worse symptoms in left-sided — than in right-sided resected patients, p < 0.05.

regeneration and healing of the nervous supply to the defae-
cation reflexes and by patients changing their diet and toilet
habits (timing and positioning) to cope with their new situ-
ation [35,36].

Main findings; differences between groups at 12m

In general, a high prevalence of bowel symptoms was found at
12m in both groups, but with inter-group differences in the

prevalence of the individual symptoms. A significantly larger
proportion of RightSCR patients reported loose stools, liquid
stool incontinence, and urgency, whereas a larger proportion of
LeftSCR patients reported hard stools and flatus incontinence.
Although symptom patterns differed between the two groups
at 12m, no statistically significant differences were found in self-
rated bowel function or impact of bowel function on QoL. This
might indicate that any kind of severe bowel problems may
affect QoL, independently of the specific type of symptoms.
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Table 4. Associations between demographic/clinical variables and QoL (N=701).

Affected QoL* Adjusted OR (95 %Cl)° p
Age </= 64years (n=173) 272 % 2.58 (1.63; 4.10) <0.001
Age > 64 years (n=528) 153 % Ref
Female (n=331) 21.8% 1.54 (0.99; 2.31) 0.06
Male (n=370) 15.1% Ref
BMI < 25 (n=270) 19.3% 1.11 (0.74; 1.70) 0.63
BMI >/= 25 (n=421) 17.6 % Ref
Left-sided (n=282) 20.6 % 1.27 (0.84; 1.96)) 0.27
Right-sided (n =419) 16.7 % Ref
Laparotomy (n=110) 20.9 % 1.33 (0.76; 2.34) 0.32
Laparoscopy (n = 589) 17.8 % Ref
No post-operative chemo (n=518) 19.9 % 1.47 (0.76; 2.87) 0.25
Post-operative chemo (n=183) 13.7 % Ref
pUICC 0-2 (n=449) 19.8 % 3.28 (0.88; 12.17) 0.08
pUICC 3 (n=196) 15.8 % 2.79 (0.77; 10.12) 0.12
pUICC 4 (n=38) 79 % Ref
WHO performance 0-1 (n = 648) 18.1 % Ref 0.49
WHO performance 2-4 (n =40) 25.0 % 1.36 (0.56; 3.30)
Charlson comorbidity score 0-1 (n = 385) 16.4 % Ref 0.09
Charlson comorbidity score > 1 (n=311) 20.9 % 1.44 (0.95; 2.18)
No stoma at 12m (n =670) 172 % Ref <0.001
Stoma at 12m (n=31) 419 % 432 (1.9 (9.83)

Patients responding ‘somewhat’ or ‘very much’ to the question ‘Overall, how much does your bowel function affect your

QolL? at 12m.
Pn = 663.
p-values <0.05 are shown in bold font.

Of major interest, we found that 183% of all patients
reported bowel-related impaired QoL 12m after surgery; a
result which corresponds well with previous publications,
reporting that QoL was impaired in one of every five patients
[18,37]. Whereas the multivariate logistic regression analyses
showed that type of surgery was not associated with impaired
QolL, we found that younger age and having a stoma were
highly associated with bowel-related impaired QoL 12m after
surgery. Again, our results are in line with those of several
other studies showing that these factors are closely associated
[38-40], although firm conclusions regarding the association
between having a stoma and generic cancer-related QoL meas-
ures like the FACT-C and the EORTC QOL tools have previously
proven to be difficult to draw [41].

Another finding is that although a significantly higher pro-
portion of RightSCR patients than LeftSCR patients have
loose stools, no differences were observed between the
groups regarding the use of constipating agents or fibre sup-
plements. This may possibly be explained by bowel dysfunc-
tion being underdiagnosed, and the finding highlights the
importance of routine screening and treatment of identified
late sequelae not only in RC patients but also in CC patients.
Although fewer CC patients than RC patients are affected by
bowel dysfunction, the incidence of CC is approximately
twice as high as RC, i.e, the total number of CC patients
affected by bowel dysfunction is likely to be as high as the
total number of affected RC patients.

Possible consequences of bowel dysfunction after CC

Previous studies have demonstrated that bowel dysfunction
may have a significant impact on patients’ overall QoL

[17,42,43]. In addition, recent studies have shown that CC
patients’ affiliation with the labour market is negatively
affected up to ten years after surgery [44,45]. Although the
underlying causes for this remain unclear, it seems reason-
able to assume that severe bowel dysfunction may play a
role; a hypothesis that must be explored in future, appropri-
ately designed studies. Such studies are increasingly relevant
as the prevalence of working-age CRC survivors is growing
because of an increase in early-onset CRC, improved survival
and rising retirement age in many countries.

Future perspectives

Whereas late sequelae after RC have gained increasing atten-
tion in recent decades, CC patients’ late sequelae remain
largely neglected. The present and previous studies [16-18]
have shown that many CC patients suffer from long-term
bowel dysfunction and that most bowel symptoms, particu-
larly after right-sided resections, do not seem to resolve
spontaneously. Since many bowel symptoms may be treated
effectively by simple measures readily available in modern
healthcare systems [46,47] a cost-effective systematic screen-
ing for bowel dysfunction via electronic PROMs and early
intervention in the affected patients are advisable to improve
patients’ QoL [48]. Frequently, diarrhoea after RightSCR may
be treated effectively once the correct diagnosis has been
established, which is often bile acid malabsorption or small
bowel bacterial overgrowth [37,46,49]. Also, ‘LARS-like’” symp-
toms, chronic constipation, and obstructed defaecation,
which are common after LeftSCR, may be managed effect-
ively in dedicated late sequelae clinics [50].
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Limitations

This study has some limitations. Firstly, for various reasons,
28% of the initially eligible patients were not included in the
analyses. Consequently, the results might not be representa-
tive of the whole CC population. Secondly, the included
patients were all from Denmark, a country with highly cen-
tralised care of cancer patients. Hence, all patients were
operated in high-volume, specialised tertiary referral centres.
This might affect the generalisability, making it difficult to
extrapolate the rates of bowel dysfunction of our patients to
those from countries with differently organised healthcare
systems. Also, the impact on QoL of a stoma or severe bowel
dysfunction may differ significantly across cultures [39,40].
However, we believe that the results of this study are largely
generalisable to countries managing cancer treatment in a
healthcare system similar to the Danish.

Another limitation is the lack of information on level of
division of the vessels and central lymph node resection
(D2/D3). Currently, we do not have a clear-cut definition of
how to perform D3 resection, and hence, this information
has not been registered. Therefore, we could not distinguish
between the groups. Nevertheless, it would be relevant to
investigate in future studies.

Conclusion

Among CC patients undergoing a RightSCR, bowel symptoms
and QoL did not improve spontaneously during the first year
after surgery. Among patients undergoing a LeftSCR, some
symptoms improved. Still, 12m after surgery both RightSCR
patients and LeftSCR patients were affected by bowel dys-
function, and 18% reported that it impacted their QoL nega-
tively. These findings warrant implementation of an early
systematic screening for and treatment of bowel dysfunction
in standard CC follow up programmes.
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Appendix A

Table A1. PROMs included in the survey.

Tool

Description

Interpretation/notes

The Bristol Stool Form Scale

(25,26)

The Patient Assessment of
Constipation Symptoms
(PAC-SYM) (27)

The Low Anterior Resection
Syndrome Score (LARS
score) (29)

The St. Marks Faecal
Incontinence Score/Vaizey
Score (30)

EuroQoL 5 Dimensions — 5
levels (EQ5D-5L) (31)

Ad hoc items

A tool combining graphical illustrations with text to
classify stool consistency into seven types.

Consists of 12 items assigned to three subscales and a
total score: Abdominal Symptoms (four items;
abdominal discomfort, pain, bloating and cramps),
Rectal Symptoms (three items; painful bowel
movements, rectal burning and rectal
bleeding/tearing) and Stool Symptoms (five items;
incomplete bowel movements, hard stools, small
portions, straining and false alarm), and Total Score
(all 12 items). Each item is measured on a five-point
Likert-like scale scored from 0 (absent) to 4 (very
severe).

Consists of five items, which have proven to be strongly
correlated with bowel-related impact on QoL in RC
patients. The response options for items covering
incontinence for flatus and liquid stool, fragmented
defaecation and faecal urgency are ‘Never, <
1/week, </= 1 per week’, whereas the response
options for daily frequency of bowel movements are
>/=4,1-3, <1'.

Measures faecal incontinence severity by means of four

items (Solid/liquid/gas incontinence and lifestyle

alteration) scored on a five-point Likert-like scale based
on the frequency of the symptom (‘Never'/0 points,

‘Always’/4 points); and, in addition, the use of pads

(‘Yes'/2 points), usage of anti-diarrhoeal medication

(‘Yes'/2 points) and urgency symptoms (Yes/4 points).

The total score ranges from 0 to 24.

A generic QoL questionnaire consisting of five items
measuring mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. The EQ5D-5L
establishes five categories for each item (from no
problems to extreme problems).

Single items regarding night-time defaecation (‘Never,
< 1/week, </= 1 per week’) and use of laxative
agents and fibre supplements (Yes/No).

Two questions regarding self-rated bowel function and
impact on QoL:

‘How would you evaluate your bowel function over the
past four weeks?' (Very good, good, acceptable,
poor, very poor)

‘Overall, how much does your bowel function affect
your quality of life?” (Not at all, a little, somewhat,
very much).

Types 1 and 2 are considered abnormally hard
stools; types 3, 4 and 5 are considered normal;
whereas types 6 and 7 are considered
abnormally loose/liquid stools

Lower scores equal a lower symptom severity. The
minimal important difference (MID) for PAC-SYM
has previously been established to be 0.6
points (28)

A summary score, based on a weighted scoring
system, facilitates categorisation into three
groups: no, minor, major LARS. However, the
scoring system was developed specifically for
and validated in cohorts of RC patients only.
Therefore, the summarised score was not
analysed in the present study.

Lower scores equal a lower symptom severity.

The original score was initially developed to be
completed by a clinician. The score used in this
study is an adapted version which can be
completed by the patients. It has not yet been
formally validated.

Higher scores equal better QoL. The minimally
important difference of the EQ-5D utility score
has been reported to be 0.08 among cancer
patients (32,33)
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