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Introduction

Functional outcome following treatment for colorectal cancer
has received increasing attention, and it has been shown
that bowel dysfunction is very common after rectal resection.
However, little is still known about patients treated for right-
sided colon cancer. In inflammatory bowel disease and
polyposis, colon resections may be associated with a wide
range of bowel problems [1-4]. Right-sided colon resection
may lead to increased stool frequency and loose stools due
to disturbance of the bile acid reabsorption [5,6]. You would
expect similar symptoms after treatment for right-sided colon
cancer; still, no major studies have been conducted. Major
abdominal surgery and impaired bowel function is showed
to affect quality of life (QoL) [7-9]. This calls for investigation
of the increasing population of colon cancer survivors, where
bowel dysfunction may be an overlooked problem.

The aim of this study was to investigate the prevalence of

long-term bowel dysfunction and QoL in right-sided hemico-
lectomy patients treated for cancer compared to polypec-
tomy patients.

Material and methods
Study design

This cross-sectional study was based on a national Danish
cohort of patients with cancer in the cecum or ascending
colon treated with right-sided hemicolectomy. The control
group consisted of patients treated with an endoscopic poly-
pectomy of a malignant colon polyp. All patients received a
questionnaire regarding bowel function and QoL. Data from
the questionnaire were compared to prospective data from
the Danish Colorectal Cancer Group’s (DCCG) national data-
base, where all patients diagnosed with colorectal cancer in
Denmark since May 2001 are registered.

Patient details

Patients were identified through the DCCG's database. The
database contains information about patient characteristics,
type of cancer, stage of disease, and treatment.

All Danish colon cancer patients diagnosed between May
2001 and December 2014 and treated with right-sided hemi-
colectomy, extended right-sided hemicolectomy, ileocecal
resection, or polypectomy were invited. In the following,
the term ‘right-sided hemicolectomy’ (RHC) includes all
the right-sided resections. Resections were performed either
with the laparoscopic, robot-assisted, or open approach.
Polypectomies were performed with colonoscopy either by
simple polypectomy, endoscopic mucosa resection or endo-
scopic submucosal dissection. Exclusion criteria were metas-
tasis, recurrent disease, permanent stoma, radiation therapy
and dementia. The DCCG data were compared to the Danish
Civil Registration System to exclude patients who were dead
or emigrated, and patients with research protection. The
study was approved by the Danish Data Protection Agency
and the Danish Health Authority.

The questionnaire

All patients received an invitation by letter with a link to an
electronic survey. After three weeks, non-responders received
the link once again as well as the survey in paper form plus
a pre-paid return envelope. The letters included a phone
number to a hotline in case of queries. All questionnaires
were answered between mid-November 2015 and mid-
February 2016. The study was part of a large questionnaire
study on late sequelae to bowel cancer in general. The
bowel function component of the questionnaire contained
23 items selected from validated scores including the Bristol
stool chart (BSC) [10-14] and a single anchor question ask-
ing; ‘Overall, how much does your bowel function affect your
quality of life?” [15,16]. All participants were asked to pick
one out of the seven types on the BSC as their predominant
stool type. Type 6 (fluffy or mushy) and type 7 (liquid) were
used as indicators of watery and loose stool [14,17]. To inves-
tigate Qol, we used the validated Danish version of the
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EORTC QLQ-C30 questionnaire version 3.0 (European
Organization for Research and Treatment of Cancer) [18,19],
which includes one global health status, five functional sub-
scales, three symptom scales and six single items addressing
different aspects of QoL. The scales are ranging from 0-100
points. A mean difference of 5-10 points represents a ‘small’,
10-20 points a ‘moderate’ and >20 points a ‘major’ clinical
difference [20].

Study endpoints

The primary endpoints were the risk of loose stools (BSC
type 6-7) among RHC patients compared to polypectomy
patients, and its impact on QoL. The secondary endpoints
were frequency of other bowel symptoms, including fre-
quency of defecation, urgency and incontinence, among RHC
patients compared to polypectomy patients. Finally, the
long-term influence of adjuvant chemotherapy on bowel
function and QoL was examined within the RHC group.

Statistical analysis

Student’s t-test or Mann-Whitney test was used for continuous
data, and Chi? test was used to compare proportions. Logistic
regression was used to calculate the association between
bowel dysfunction and type of treatment (RHC and polypec-
tomy) adjusted for gender, age and time since treatment. The
significance level was set at 0.05. Two researchers independ-
ently performed all analyses using STATA statistical software
version 12 (StataCorp LP, College Station, Texas, USA).

Results
Patient characteristics

A total of 6188 patients were invited, and 3540 patients
(3306 RHC and 234 polypectomy) answered the question-
naire, corresponding to a response rate of 61.5% in the RHC
group and 47.5% in the polypectomy group. The flowchart is
shown in Supplementary Figure 1.

The median time since treatment was slightly longer in
the RHC group compared to the polypectomy group (4.6
[range 0.8-14.7] years vs. 3.9 [range 1.0-14.2] years). As
expected, more of the polypectomy patients were diagnosed
by screening (16.7% vs. 3.3% in the RHC group). Patient char-
acteristics are summarized in Supplementary Table 1.

Risk of loose stools and other bowel symptoms

In the RHC group, 15.5% [14.2-16.8%] of the patients had
loose stools (BSC 6-7) compared to only 6.7% [3.8-10.8%] of
polypectomy patients, p<.001. The odds ratio was 2.64
[1.52-4.59] after adjusting for age, gender and time
since treatment.

A total of 20.2% [18.8-21.6%] of the RHC patients suffered
from nocturnal defecation, and the odds were almost
doubled compared to the polypectomy patients (adjusted
OR 1.85 [1.23-2.79]). Additionally, RHC patients had a higher
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risk of alternating stool consistency, urgency, incontinence to
liquid stool and need for using a pad. There was no differ-
ence in defecation frequency. Blood in the stools as well as
strain to defecate were more common in the polypectomy
group (both p .02). The prevalence of bowel symptoms is
summarized in Table 1.

There were no differences between the two groups when
investigating symptoms of obstruction, incomplete evacu-
ation, use of laxatives and bloating (data not shown).

‘Overall, how much does your bowel function affect
your quality of life?’

Overall, RHC patients reported a higher negative impact of
bowel function on QoL compared to polypectomy patients
(p <.001). Bowel function had a major impact on QoL in 40.3%
of RHC patients with loose stool (BSC 6-7), while it was only
the case for 12.8% of RHC patients with BSC 1-5 (Table 1).

EORTC quality of life scores

Clinical differences were seen between the RHC and polypec-
tomy patients (Figure 1A) on the diarrhea symptom score
(mean difference 11.8, p <.001) and the fatigue score (mean
difference 6.8, p <.001), while no clinically significant differen-
ces were seen in the other scales.

Looking at the RHC group only (Figure 1B), patients hav-
ing loose stools (BSC 6-7) had significantly lower scores on
all functional scales, lowest for the emotional functioning
with a mean difference of 9.8 (p <.001). On the global qual-
ity of life score, the mean difference was 9.1 (p<.001).
Furthermore, clinically significant differences were seen on
most of the symptom scales. Patients with BSC 6-7 reported
a much greater extent of fatigue and diarrhea (mean differ-
ence 10.4 and 34.3, respectively. Both p <.001).

Impact of adjuvant chemotherapy

Adjuvant chemotherapy was used in 1126 (34.2%) of the
RHC patients (Supplementary Table 1). When comparing RHC
patients with and without chemotherapy, the use of chemo-
therapy had no impact on the risk of loose stools (BSC 6-7)
(OR 1.11 [0.91-1.36]) or in any other aspects of the bowel
function. Additionally, chemotherapy had no long-term effect
on QoL neither regarding our anchor question or the EORTC
QLQ-C30.

Discussion

This study shows that cancer patients treated with RHC have
increased risk of loose stools (BSC 6-7) (15.5%) compared to
patients with local excision of a malignant colon polyp. The
RHC patients with loose stools had impaired QoL.

Even though our RHC patients had a higher frequency
of watery and loose stool, the defecation frequency was,
surprisingly, the same as in the polypectomy group. This
corresponds to the results from a Japanese study [21],
reporting loose stool among 38 right-sided hemicolectomy
patients and no change in defecation frequency. In
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Table 1. Frequency of bowel symptoms in the right-sided hemicolectomy (RHC) and polypectomy group.

Bowel symptom RHC Polypectomy p OR [95%-ClI] Adjusted OR [95%-Cl]
Bristol stool chart .001
Type 1 65 (2.1) 5(2.2)
Type 2 411 (13.1) 35 (15.6)
Type 3 506 (16.1) 52 (23.1)
Type 4 1294 (41.2) 99 (44.0)
Type 5 377 (12.0) 19 (8.4)
Type 6 392 (12.5) 14 (6.2)
Type 7 94 (3.0) 1(04)
Type 1-5 2653 (84.5) 210 (93.3)
Type 6-7 486 (15.5) 15 (6.7) 2.56 [1.51-4.37] 2.64 [1.52-4.59]
Defecation frequency 075
6 times a week or less 505 (15.8) 30 (13.1)
1-3 times a day 2409 (75.5) 187 (81.7)
>4 times a day 279 (8.7) 12 (5.2)
Alternating stool consistency 1400 (42.9) 72 (31.0) <.001 1.67 [1.26-2.23] 1.86 [1.38-2.51]
Urgency <.001
Never 944 (28.9) 101 (43.9)
<1 time a week 1106 (33.9) 81 (35.2)
1-6 times a week 598 (18.3) 8 (12.2)
Daily 614 (18.8) 0 (8.7)
Ability to defer defecation <.001
>15 minutes 1182 (36.3) 128 (55.7)
6-15 minutes 1282 (39.4) 70 (30.4)
<5 minutes 792 (24.3) 32 (13.9)
Unproductive call to stool 224
Never 1822 (55.8) 133 (57.8)
<1 time a week 1051 (32.2) 78 (33.9)
1 or more times a week 394 (12.1) 19 (8.3)
Defecation duration >5 minutes 889 (27.2) 69 (29.9) 378 0.88 [0.65-1.17] 0.84 [0.62-1.13]
Strain to defecate .020
Never 1705 (52.1) 100 (43.5)
<1 time a week 1032 (31.5) 90 (39.1)
1-6 times a week 374 (11.4) 23 (10.0)
Daily 163 (5.0) 17 (7.4)
Clustering 148
Never 1587 (48.8) 124 (53.7)
<1 time a week 948 (29.2) 70 (30.3)
1-6 times a week 473 (14.5) 27 (11.7)
Daily 244 (7.5) 10 (4.3)
Blood in stool 196 (6.0) 23 (10.0) .017 0.58 [0.37-0.91] 0.67 [0.41-1.08]
Mucus in stool 524 (16.1) 34 (14.7) .586 1.11 [0.76-1.62] 1.15 [0.77-1.70]
Nocturnal defecation 660 (20.2) 29 (12.6) .005 1.76 [1.18-2.62] 1.85 [1.23-2.79]
Incontinence, flatus 754
Never 1109 (34.0) 85 (36.8)
<1 time a week 917 (28.1) 65 (28.1)
1-6 times a week 639 (19.6) 44 (19.1)
Daily 600 (18.4) 37 (16.0)
Incontinence, liquid stool 941 (28.8) 1(13.5) <.001 2.60 [1.77-3.82] 2.53 [1.70-3.77]
Incontinence, solid stool 240 (7.4) 10 (4.3) .080 1.77 [0.93-3.38] 1.41 [0.74-2.72]
Use of pad 616 (18.9) 18 (7.8) <.001 2.77 [1.70-4.51] 1.96 [1.15-3.34]
Soiling 317
Never 1888 (57.9) 145 (62.8)
<1 time a week 942 (28.9) 57 (24.7)
1 or more times a week 432 (13.2) 29 (12.6)
Use of medication for incontinence 130 (4.0) 3(1.3) .039 3.17 [1.00-10.0] 2.65 [0.83-8.43]
Change of lifestyle due to incontinence 731 (22.3) 27 (11.6) <.001 2.18 [1.45-3.29] 2.09 [1.38-3.16]
Impact of bowel function on quality of life <.001
None 1556 (48.1) 141 (61.8)
Minor 1129 (34.9) 64 (28.1)
Major 548 (17.0) 23 (10.1)
Impact of bowel function on quality of life <.001
RHC BSC 1-5 RHC BSC 6-7
None 1394 (53.3) 89 (18.5)
Minor 888 (33.9) 199 (41.3)
Major 334 (12.8) 194 (40.3)

BSC: Bristol stool chart. Numbers (%). ‘Adjusted OR’ shows the odds ratios adjusted for age, gender and time since treatment.

another publication arising from the same large survey, dysfunction found in our study population is specific for

Elfeki et al. [22] showed that, after resection of sigmoid RHC patients.

colon, the risk of loose stools (BSC 6-7) was only 4.4%. Bowel symptoms are common in the background popula-
This strongly support that the pattern of bowel tion. In our study, 6.7% of polypectomy patients had loose
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Figure 1. Mean scores of the EORTC QLQ-C30 functional and symptom scales presented as mean values and 95% confidence intervals. *Small clinically relevant dif-
ference, **Moderate clinically relevant difference, ***Major clinically relevant difference. (A) Right-sided hemicolectomy patients compared to polypectomy
patients. (B) Right-sided hemicolectomy, comparison between patients with and without loose stools (Bristol stool chart 6-7 vs. Bristol stool chart 1-5).

stool, corresponding to the prevalence of BSC 6-7 in the
background population [23].

Chronic watery and loose stool among RHC patients could
result from decreased water absorption due to the shortened
colon, or it could be caused by bile acid malabsorption
[24,25]. Phillips et al. investigated bowel dysfunction in a
mixed group of cancer survivors and showed that half of the
patients referred with Bristol stool type 6 and 7, had bile
acid malabsorption [24]. Additionally, resection of the ileoce-
cal valve can lead to retrograde passage of colonic bacteria,
resulting in bacterial overgrowth in the small intestine and
watery and loose stools [3,26,27]. Resection of the terminal
ileum is known to cause bile acid malabsorption and subse-
quently loose stools in patients treated for Crohn’s disease
[5]. Kurien et al. [6] showed that even short resections of the
terminal ileum could cause bile acid malabsorption.

In addition to loose stools, RHC patients suffered from
alternating stool consistency, incontinence to liquid stool,
need of using a pad, urgency, decreased ability to defer
defecation and 20.2% had nocturnal defecation. By compari-
son, the Japanese study [21] found a risk of 13.2% of nightly
defecation after RHC, which was significantly greater than for
patients with left-sided resection. A total of 28.8% of our
RHC patients suffered from incontinence to liquid stool,

which is almost twice as many as reported in a study of 315
patients comparing the outcome of different segmental
colon resections, where 16.4% of RHC patients had occa-
sional liquid soiling [28].

RHC patients reported a higher impact of bowel function
on QoL than polypectomy patients in our anchor question.
Likewise, the RHC group had higher scores on both the diar-
rhea symptom scale and the fatigue scale on the EORTC
QLQ-C30. Furthermore, according to the EORTC QLQ-C30 and
our anchor question, RHC patients suffering from watery and
loose stools had a markedly decreased QoL compared to
RHC patients with BSC 1-5. This corresponds to previous
studies showing that suffering from impaired bowel function
negatively impacts the QoL [28,29].

We found no long-term impact of adjuvant chemotherapy
on bowel function or QoL after RHC, which corresponds to
the few studies published on this subject [30,31].

All cancer patients in Denmark treated with RHC or poly-
pectomy were invited from the DCCG database, which has
high completeness and a high validity of data. However, the
response rate among polypectomy patients (47.5%) was
slightly lower than we expected (61.5% among RHC
patients), which is a substantial limitation to the study. Non-
responders were older (median age 5years older) and had
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more comorbidity. Because of the cross-sectional study
design, it was not possible to investigate change over time
in postoperative bowel function or to adjust for baseline
function, and thereby identify changes due to surgery.
However, such analysis might be confounded by baseline
symptoms due to presence of the cancer. Instead, we com-
pared the RHC patients to the control group of polypectomy
patients to identify functional problems most likely associ-
ated with resection of the right colon. We grouped all right-
sided resections (hemicolectomy, extended hemicolectomy,
ileocecal resection) together, since there were no differences
between the groups (data not shown). No information
regarding length of the resected bowel was available. Fiber
intake and use of antidiarrheal medication might have influ-
enced the patients’ bowel function, but unfortunately, no
information was available regarding this.

In conclusion, RHC patients treated for cancer had a
higher risk of loose stool and several other bowel symptoms
compared to polypectomy patients. RHC patients with loose
stools reported a substantially decreased QoL. Interestingly,
use of adjuvant chemotherapy in RHC patients had no
impact on long-term bowel function or QolL. Large prospect-
ive studies are ongoing regarding identification and treat-
ment of RHC patients with loose stools.
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