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Abstract
Purpose Treatment of rectal cancer often results in disturbed anorectal function, which can be quantified by the Low Anterior
Resection Syndrome (LARS) score. This study investigates the association of impaired anorectal function as measured with the
LARS score with quality of life (QoL) as measured with the EORTC-QLQ-C30 and CR38 questionnaires.
Methods All stoma-free patients who had undergone sphincter-preserving surgery for rectal cancer from 2000 to 2014 in our
institution were retrieved from a prospective database. They were contacted by mail and asked to return the questionnaires. QoL
was evaluated in relation to LARS and further patient- and treatment factors using univariate and multivariate analysis.
Results Of the eligible patients (n = 331), 261 (78.8%) responded with a complete LARS score. Mean score for global QoL
according to the EORTC-QLQ-C30 questionnaire was 63 ± 21 for all patients. If major LARSwas present, mean score decreased
to 56 ± 19 in contrast to 67 ± 20 in patients with no/minor LARS (p < 0.001). In regression analysis, major LARS was further-
more associated with reduced physical, role, emotional, cognitive and social functioning as well as impaired body image, more
micturition problems and poorer future perspective. It was not related to sexual function. The variance explained bymajor LARS
in the differences of QoL was approximately 10%.
Conclusion The presence of major LARS after rectal resection for cancer is negatively associated with global health as well as
many other aspects of QoL. Preserving anorectal function and treatment of LARS are potential measures to improve QoL in this
patient group.
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Introduction

Assessment of rectal cancer therapy has focused on oncologic
outcomes for many years, and there have beenmajor advances
regarding local recurrence rates [1, 2] and overall survival [3,
4]. However, patients are often affected by sequelae of thera-
py, which may impact on their quality of life (QoL) [5, 6]. The
European Organisation for Research and Treatment of Cancer
(EORTC) has developed and validated a 30-item core ques-
tionnaire (QLQ-C30) that reflects global QoL in cancer pa-
tients [7]. It has been supplemented by a specific module for
colorectal cancer patients comprising 38 questions (QLQ-
CR38) [8]. For the specific alterations after low anterior resec-
tion, only recently a simple patient-reported five-item ques-
tionnaire, the Low Anterior Resection Syndrome (LARS)
score was introduced. It addresses impairment of defaecation
including incontinence for wind and liquid stool, frequency,
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urgency and clustering [9]. This questionnaire has also been
translated and validated into German [10, 11]. There is grow-
ing evidence from a variety of studies using this score that
more than 50% of patients suffer from LARS after
sphincter-preserving treatment for rectal cancer [10, 12]. To
which extent these functional disturbances affect various as-
pects of QoL, however, has not yet been fully elucidated.

The primary aim of this study was to correlate impairment
of anorectal function as measured by the LARS score with
quality of life determined by the QLQ-C30 and QLQ-CR38
questionnaires. Further patient-, tumour- and treatment-related
factors that might also be associated with QoL were investi-
gated as secondary endpoints.

Patients and methods

All patients treated at our institution for rectal cancer from
2000 to 2014 were retr ieved from a prospective
coloproctologic database. After exclusion of non-survivors,
patients with local recurrence and patients with an ostomy,
we contacted all eligible patients per mail in October 2015,
explaining the purpose of the study and delivering the ques-
tionnaires. If no response was received, a second letter was
sent out after 2 months as a reminder. Ethical approval was
granted by the responsible institution (Saxon Physicians
Chamber, No. EK-BR-92/15-1/134619).

The LARS score yields numerical values between 0 and
42. Scores from 0–20 are interpreted as “no LARS,” 21–29 as
“minor LARS” and 30–42 as “major LARS” [9]. After eval-
uation of each group, we dichotomised them, first into no
LARS vs. any form of LARS, and second into no/minor
LARS vs. major LARS. The dichotomisation that presented
a better stratification of QLQ scores was chosen for further
analysis.

Permission to use the QLQ-C30 (version 3.0) and the co-
lorectal cancer module QLQ-CR38 questionnaires was ob-
tained with the EORTC Data Centre. QLQ-C30 is a cancer-
specific, multidimensional questionnaire designed for self-ad-
ministration. It contains a scale for global health status, five
functional scales (physical, role, emotional, cognitive and so-
cial functioning), three symptoms scales (fatigue, nausea/
vomiting and pain), five single items (dyspnoea, insomnia,
appetite loss, constipation and diarrhoea) and a single question
concerning financial difficulties. Values for the scales and sin-
gle items were linearly transformed into a score of 0–100 as
stipulated by the EORTC manual [13]. For the functional
scales including the global health status, higher values reflect
a higher level of functioning, whereas for the symptoms scales
and items, a higher value represents a higher level of prob-
lems. Missing data were imputed according to the instructions
of the manual.

The colorectal cancer module QLQ-CR38 contains 19
questions that apply to all patients, four questions concerning
either male or female sexual dysfunction and seven questions
each for patients with or without a stoma. Since we excluded
patients with a stoma, the latter questions were not applicable.
Furthermore, no patient was on chemotherapy; hence, this
scale was omitted. Questions related to sexual problems were
only to be answered if the patient indicated sexual activity.
Transformation of raw data and handling of missing values
followed the same principles as described for the QLQ-C30
questionnaire.

Statistical analysis

Although some of the data shows a skewed distribution, we
present means and standard deviation for all QLQ items as
exemplified by the EORTC group [7, 8]. All values were
calculated for the absence or presence of LARS as well as
for each potentially relevant factor such as age, sex, type of
operation, mode of reconstruction, anastomotic leak, radio(-
chemo)therapy, T- and N- category and distant recurrence. To
analyse differences between early and late impairment of
QoL, we divided time since operation into up to 2 years and
more than 2 years.

According to the suggestions of the EORTC research
group, the differences between groups were rated as follows,
5–10—small, > 10–20—moderate and more than 20—large
[14]. Intergroup comparisons were performed with the Mann-
Whitney U test or Kruskal-Wallis test, as appropriate [15, 16].
Because of the association of partial mesorectal excision
(PME) and straight anastomosis, PME was excluded for the
comparison of reconstruction modes. The majority of recon-
structions in total mesorectal excision (TME) or
intersphincteric resection (IR) was done by fashioning a J-
pouch. It was, however, at the surgeon’s discretion to perform
a side-to-end anastomosis or coloplasty. The latter types of
reconstruction were small in number and were therefore com-
bined into one group.

We evaluated the impact of all scales by linear regression
analysis with a backward variable elimination at a threshold of
p = 0.05. Histograms of the standardised residuals were
checked and showed unimodal distribution with only few re-
siduals beyond 2 in magnitude. Their distribution was deemed
sufficiently close to normal although the data with discrete
values do not fully comply with the assumptions of linear
regression analysis. Single QLQ items with only few out-
comes were modelled via an ordinal regression analysis. The
extent to which the variance is explained by the models is
reflected by the R2 value (linear regression models) or by
Nagelkerke’s pseudo R2 value (ordinal regression models).
For the linear regression models, we display regression-
coefficients with 99% confidence intervals (CI) to illustrate
the estimated net difference in QoL if the independent factor
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is present and other factors in the model held constant. For the
ordinal regression models, location estimates, odds ratios
(OR) and 99% CI for all retained factors were estimated.
The OR for a factor describes the chances of having a higher
outcome in a single QLQ-item of patients with a certain level
of the given factor compared to patients at the reference level
of that factor. Model fit was tested by displaying the normal P-
P plot of regression standardised residuals. The proportional
odds assumption in ordinal regression was tested. To account
for multiple testing, we chose a significance level of α = 0.01
(corresponding to p < 0.01) per test to indicate significant dif-
ferences [15] and display 99% CI in the regression analysis.
Statistical analysis was carried out with SPSS Version 21.0
(IBM Corp., Armonk, NY).

Results

Of 534 patients with an anastomosis, we excluded all patients
with a permanent stoma (n = 76) and all who were known to
have died (n = 127). There remained 331 eligible patients who
were contacted by mail. Response was received from 264
patients; however, three patients did not completely fill in
the LARS questionnaires. Thus, 261/331 (78.9%) of patients
were counted as responders. The group of responders was
comparable to the non-responders with respect to age, sex,
operative details and tumour characteristics. Time since sur-
gery was longer and rate of anastomotic leaks was higher in
non-responders.

Of the responders, 162 (62.1%) patients were male and 99
(37.9%) were female with a median age at operation of 64
(range 28–87) years. Median tumour height measured from
the anal verge by rigid rectoscopy was 9 cm. A PME was
performed in 71 (27.2%) patients, a TME in 149 (57.1%)
patients and an IR in 41 (15.7%) patients. A laparoscopic
operation was carried out in only six (2.3%) patients. In 184
patients, a neoreservoir was constructed after TME or IR, 143
patients received a J-pouch, 17 a coloplasty pouch and 24 a
side-to-end anastomosis. Anastomotic leakage occurred in 37
(14.2%) patients. Radio(chemo) therapy was administered in
144 (55.4%) patients, 125 of whom received preoperative and
19 postoperative therapy. Median time since operation was
6.5 years, and 17 (6.5%) patients experienced distant recur-
rence. In 206 (78.9%) patients, a diverting stoma was fash-
ioned which was reversed after a median of 176 days.

LARS was distributed as follows, 117 (44.8%) reported no
LARS, 51 (19.5%) minor LARS and 93 (35.6%) major
LARS. A total of 73 patients were on antidiarrhoeal drugs,
55 of them on demand only. Forty-one patients took some
laxatives or stool softeners, two patients used transanal irriga-
tion and two patients were treated by sacral nerve stimulation
(SNS). Patient numbers are displayed in Tables 1 and 3.

Further details of the patient cohort and non-responders are
published elsewhere [12].

QLQ-C30

Score of global health for the entire study population was 63 ±
21. The evaluation of the three LARS groups showed a score
of 69 ± 20 for patients without LARS vs. 64 ± 22 and 56 ± 19
for minor and major LARS, respectively (p < 0.001).
Dichotomisation into no LARS vs. minor and major LARS
revealed an equal number of scales and single items with
significant differences and was comparable to the
dichotomisation into no and minor LARS vs. major LARS.
However, differences were more pronounced and more often
in the range of > 10 in no and minor LARS vs. major LARS;
therefore, this dichotomisation was used throughout the study.

Patients with major LARS showed a moderate, but signif-
icant, difference in global health vs. patients without major
LARS (56 ± 19 vs. 67 ± 20, p < 0.001). This difference was
seen in all functional scales being large for social functioning
(59 vs. 82, p < 0.001), moderate for role functioning (62 vs.
77, p < 0.001) and for emotional functioning (68 vs. 82,
p < 0.001) and small for physical functioning (75 vs. 81, p <
0.001) and cognitive functioning (79 vs. 86, p = 0.012). In the
symptom scales and single items, we found significant differ-
ences for fatigue (38 vs. 27, p = 0.001), insomnia (42 vs. 27,
p < 0.001) and diarrhoea (41 vs. 16, p < 0.001). A moderate
difference was also detected for financial difficulties (13 vs.
24, p = 0.003) (Table 1, Fig. 1).

None of the other factors investigated showed a significant
difference in global health. However, anastomotic leak nega-
tively correlated with fatigue (moderate), pain (moderate), ap-
petite loss (moderate) and diarrhoea (large). Younger patients
had a better physical functioning (small difference), but were
faced with financial difficulties (moderate difference). Males
exhibited a worse social functioning (moderate difference),
and suffered less often from insomnia (moderate difference)
than females. Radiotherapy (30 vs. 17, p < 0.001) and type of
procedure (PME 14, TME 28, IR 34, p < 0.001) were only
significantly related to diarrhoea. Patients with a history of
distant recurrence more often reported financial difficulties
(Table 1).

In regression analysis, major LARS remained as single
significant factor associated with global health (11 [4 … 18]
points [99% CI] less if major LARS was present). This was
also true for all function scales, fatigue, insomnia and diar-
rhoea. For younger patients, better physical functioning but
more financial problems were confirmed. Status after anasto-
motic leak was found to be related to appetite loss and diar-
rhoea, radiation therapy was coupled with better cognitive
function and patients with distant recurrence more often ex-
hibited financial difficulties. In general, R2 values were rather

Int J Colorectal Dis (2019) 34:747–762 749



Ta
bl
e
1

Sc
or
es

fo
r
E
O
R
T
C
Q
L
Q
-C
30

by
pa
tie
nt
-,
tr
ea
tm

en
t-
an
d
tu
m
ou
r
fa
ct
or
s

n
(%

)*
G
lo
ba
lh

ea
lth

P
hy
si
ca
l

fu
nc
tio

ni
ng

R
ol
e
fu
nc
tio

ni
ng
,

n
=
26
0

E
m
ot
io
na
l

fu
nc
tio

ni
ng

C
og
ni
tiv

e
fu
nc
tio

ni
ng

So
ci
al

fu
nc
tio

ni
ng

Fa
tig

ue

A
ge

≤
64
a

>
64
a

13
7
(5
2.
5)

12
4
(4
7.
5)

64
±
20

63
±
21

p
=
0.
71
0

83
±
18

75
±
24

p
=
0.
00
7

72
±
31

71
±
31

p
=
0.
65
9

75
±
24

79
±
21

p
=
0.
32
0

85
±
20

82
±
24

p
=
0.
61
0

71
±
32

76
±
30

p
=
0.
14
2

29
±
26

33
±
26

p
=
0.
11
0

S
ex

F
em

al
e

M
al
e

99
(3
7.
9)

16
2
(6
2.
1)

66
±
19

62
±
22

p
=
0.
19
5

76
±
23

81
±
20

p
=
0.
03
9

74
±
31

71
±
31

p
=
0.
29
0

78
±
22

76
±
23

p
=
0.
47
3

84
±
22

83
±
23

p
=
0.
73
8

80
±
29

70
±
31

p
=
0.
00
5

32
±
26

30
±
27

p
=
0.
35
9

O
P
-P
ro
ce
du
re
a

PM
E

T
M
E

IR

71
(2
7.
2)

14
9
(5
7.
1)

41
(1
5.
7)

64
±
20

64
±
20

61
±
22

p
=
0.
70
1

77
±
24

80
±
21

79
±
20

p
=
0.
87
2

68
±
34

73
±
30

73
±
28

p
=
0.
62
5

74
±
26

78
±
21

78
±
23

p
=
0.
54
5

80
±
23

84
±
23

87
±
16

p
=
0.
05
2

78
±
28

73
±
32

67
±
32

p
=
0.
17
5

34
±
30

31
±
26

26
±
23

p
=
0.
51
3

R
ec
on
st
ru
ct
io
nb

J-
po
uc
h

Si
de
-t
o-
en
d
+

co
lo
-p
la
st
y

14
3
(7
7.
7)

41
(2
2.
3)

63
±
20

62
±
24

p
=
0.
62
2

81
±
18

75
±
20

p
=
0.
46
0

75
±
28

67
±
33

p
=
0.
19
1

79
±
21

77
±
23

p
=
0.
76
0

86
±
20

82
±
28

p
=
0.
94
0

72
±
31

70
±
32

p
=
0.
66
3

28
±
22

32
±
32

p
=
0.
91
8

A
na
st
om

ot
ic
le
ak
ag
e

N
o

Y
es

22
4
(8
5.
8)

37
(1
4.
2)

64
±
20

59
±
21

p
=
0.
21
5

79
±
22

80
±
19

p
=
0.
81
1

73
±
30

62
±
33

p
=
0.
03
9

78
±
22

69
±
24

p
=
0.
01
6

85
±
22

76
±
25

p
=
0.
02
0

74
±
31

68
±
28

p
=
0.
09
6

29
±
26

40
±
26

p
=
0.
00
9

T
im

e
si
nc
e

op
er
at
io
n

<
2
ye
ar
s

≥
2
ye
ar
s

44
(1
6.
9)

21
7
(8
3.
1)

63
±
23

63
±
20

p
=
0.
89
0

80
±
23

79
±
21

p
=
0.
47
5

74
±
31

71
±
31

p
=
0.
48
3

78
±
20

77
±
23

p
=
0.
88
8

85
±
20

83
±
23

p
=
0.
62
1

66
±
32

75
±
30

p
=
0.
05
5

29
±
27

31
±
26

p
=
0.
54
8

R
ad
io
th
er
ap
yc

N
o

Y
es

11
6
(4
4.
6)

14
4
(5
5.
4)

63
±
21

63
±
20

p
=
0.
94
4

77
±
25

81
±
18

p
=
0.
40
9

73
±
32

71
±
30

p
=
0.
41
9

76
±
25

78
±
21

p
=
0.
80
6

80
±
26

87
±
19

p
=
0.
06
9

77
±
30

71
±
31

p
=
0.
09
2

33
±
28

29
±
24

p
=
0.
28
4

pN
-c
at
eg
or
y

N
eg
at
iv
e

P
os
iti
ve

19
8
(7
5.
9)

63
(2
4.
1)

62
±
20

68
±
22

p
=
0.
03
0

78
±
22

83
±
20

p
=
0.
08
7

71
±
31

75
±
29

p
=
0.
44
6

76
±
23

78
±
22

p
=
0.
47
3

83
±
23

87
±
19

p
=
0.
33
0

74
±
30

74
±
33

p
=
0.
66
3

31
±
26

29
±
28

p
=
0.
33
0

pT
-c
at
eg
or
y

0–
2

3–
4

17
8
(6
8.
2)

83
(3
1.
8)

63
±
20

64
±
21

p
=
0.
60
9

79
±
21

79
±
23

p
=
0.
88
9

73
±
31

68
±
31

p
=
0.
22
2

77
±
23

77
±
22

p
=
0.
91
9

84
±
22

84
±
22

p
=
0.
95
7

75
±
30

70
±
32

p
=
0.
21
0

30
±
25

32
±
29

p
=
0.
90
2

D
is
ta
nt

re
cu
rr
en
ce

N
o

Y
es

24
4
(9
3.
5)

17
(6
.5
)

63
±
20

62
±
16

79
±
22

77
±
17

72
±
31

65
±
28

77
±
22

75
±
26

83
±
22

85
±
20

74
±
30

65
±
33

31
±
26

33
±
26

750 Int J Colorectal Dis (2019) 34:747–762



T
ab

le
1

(c
on
tin

ue
d)

p
=
0.
64
0

p
=
0.
41
1

p
=
0.
16
4

p
=
0.
82
4

p
=
0.
79
2

p
=
0.
21
4

p
=
0.
63
8

L
A
R
Sa

N
o

M
in
or

M
aj
or

11
7
(4
4.
8)

51
(1
9.
5)

93
(3
5.
6)

69
±
20

64
±
22

56
±
19

p
<
0.
00
1

82
±
24

81
±
19

75
±
19

p
=
0.
00
1

79
±
28

72
±
33

62
±
31

p
<
0.
00
1

83
±
20

79
±
19

68
±
24

p
<
0.
00
1

87
±
20

84
±
22

79
±
24

p
=
0.
02
9

85
±
24

73
±
31

59
±
32

p
<
0.
00
1

26
±
26

30
±
25

38
±
25

p
=
0.
00
2

N
au
se
a
an
d

vo
m
iti
ng

P
ai
n

D
ys
pn
oe
a

In
so
m
ni
a,

n
=
26
0

A
pp
et
ite

lo
ss

C
on
st
ip
at
io
n,

n
=
25
9

D
ia
rr
ho
ea
,

n
=
26
0

F
in
an
ci
al

di
ff
ic
ul
tie
s,

n
=
26
0

A
ge

≤
64
a

>
64
a

4
±
13

3
±
10

p
=
0.
86
1

21
±
30

26
±
30

p
=
0.
11
8

15
±
25

21
±
29

p
=
0.
14
0

32
±
33

33
±
34

p
=
0.
89
4

9
±
21

11
±
25

p
=
0.
78
4

11
±
22

15
±
27

p
=
0.
19
1

28
±
32

21
±
28

p
=
0.
12
6

24
±
36

9
±
22

p
<
0.
00
1

S
ex

F
em

al
e

M
al
e

4
±
14

3
±
9

p
=
0.
77
6

26
±
31

22
±
28

p
=
0.
66
8

18
±
28

18
±
27

p
=
0.
88
1

42
±
36

26
±
31

p
=
0.
00
1

10
±
22

10
±
23

p
=
0.
91
5

17
±
29

10
±
21

p
=
0.
07
4

25
±
32

24
±
30

p
=
0.
70
1

14
±
29

19
±
31

p
=
0.
07
4

O
P
-P
ro
ce
du
re
a

PM
E

T
M
E

IR

4
±
14

3
±
10

4
±
12

p
=
0.
67
3

28
±
32

21
±
28

24
±
31

p
=
0.
25
3

21
±
30

17
±
26

16
±
26

p
=
0.
65
6

36
±
37

30
±
33

33
±
32

p
=
0.
65
2

13
±
27

9
±
21

8
±
22

p
=
0.
57
8

12
±
21

13
±
27

14
±
22

p
=
0.
51
5

14
±
24

28
±
31

34
±
32

p
<
0.
00
1

16
±
31

18
±
31

19
±
28

p
=
0.
46
3

R
ec
on
st
ru
ct
io
nb

J-
po
uc
h

Si
de
-t
o-
en
d
+

co
lo
-p
la
st
y

3
±
10

2
±
8

p
=
0.
47
8

21
±
28

22
±
30

p
=
0.
85
6

16
±
25

20
±
29

p
=
0.
42
4

33
±
33

26
±
32

p
=
0.
23
1

8
±
20

12
±
27

p
=
0.
53
0

12
±
25

15
±
29

p
=
0.
68
0

31
±
32

20
±
27

p
=
0.
08
1

16
±
28

24
±
36

p
=
0.
38
2

A
na
st
om

ot
ic
le
ak
ag
e

N
o

Y
es

3
±
11

7
±
13

p
=
0.
00
2

21
±
29

36
±
29

p
=
0.
00
1

17
±
27

23
±
28

p
=
0.
10
2

32
±
34

35
±
31

p
=
0.
43
5

8
±
20

21
±
33

p
=
0.
00
6

13
±
25

10
±
22

p
=
0.
46
5

22
±
29

42
±
35

p
<
0.
00
1

15
±
29

29
±
37

p
=
0.
01
4

T
im

e
si
nc
e

op
er
at
io
n

<
2
ye
ar
s

≥
2
ye
ar
s

3
±
10

4
±
12

p
=
0.
60
0

25
±
30

23
±
30

p
=
0.
53
2

14
±
27

19
±
27

p
=
0.
12
6

29
±
33

33
±
34

p
=
0.
41
9

9
±
22

10
±
23

p
=
0.
79
0

10
±
21

13
±
25

p
=
0.
37
8

21
±
30

25
±
31

p
=
0.
36
3

20
±
31

16
±
31

p
=
0.
22
2

R
ad
io
th
er
ap
yc

N
o

Y
es

5
±
14

2
±
8

p
=
0.
02
6

24
±
30

22
±
29

p
=
0.
56
2

20
±
29

16
±
25

p
=
0.
50
6

34
±
36

31
±
32

p
=
0.
48
2

13
±
26

8
±
20

p
=
0.
14
8

14
±
27

11
±
22

p
=
0.
60
9

17
±
28

30
±
31

p
<
0.
00
1

15
±
29

19
±
32

p
=
0.
32
1

pN
-c
at
eg
or
y

Int J Colorectal Dis (2019) 34:747–762 751



T
ab

le
1

(c
on
tin

ue
d)

N
eg
at
iv
e

P
os
iti
ve

4
±
11

3
±
11

p
=
0.
34
4

23
±
29

23
±
32

p
=
0.
68
7

18
±
26

18
±
29

p
=
0.
75
9

31
±
32

35
±
38

p
=
0.
69
6

11
±
23

8
±
21

p
=
0.
26
3

14
±
25

11
±
23

p
=
0.
30
9

25
±
32

24
±
27

p
=
0.
71
4

15
±
28

23
±
37

p
=
0.
25
9

pT
-c
at
eg
or
y

0–
2

3–
4

3
±
11

4
±
12

p
=
0.
49
3

23
±
30

24
±
30

p
=
0.
69
2

16
±
24

22
±
33

p
=
0.
32
0

34
±
34

29
±
33

p
=
0.
30
4

10
±
23

11
±
23

p
=
0.
55
1

14
±
25

10
±
23

p
=
0.
20
5

26
±
31

23
±
28

p
=
0.
64
9

15
±
29

22
±
34

p
=
0.
15
4

D
is
ta
nt

re
cu
rr
en
ce

N
o

Y
es

3
±
12

5
±
10

p
=
0.
12
4

23
±
30

31
±
32

p
=
0.
15
4

17
±
26

31
±
32

p
=
0.
03
1

32
±
34

35
±
32

p
=
0.
60
6

10
±
23

10
±
20

p
=
0.
74
0

13
±
25

8
±
15

p
=
0.
64
5

24
±
30

31
±
30

p
=
0.
23
8

15
±
29

45
±
41

p
<
0.
00
1

L
A
R
Sa

N
o

M
in
or

M
aj
or

3
±
13

2
±
7

4
±
12

p
=
0.
57
7

21
±
29

21
±
30

28
±
30

p
=
0.
06
5

16
±
26

17
±
26

21
±
28

p
=
0.
30
1

26
±
33

29
±
34

42
±
33

p
<
0.
00
1

10
±
24

8
±
17

11
±
24

p
=
0.
50
1

12
±
24

8
±
20

16
±
27

p
=
0.
11
9

11
±
22

26
±
26

41
±
34

p
<
0.
00
1

12
±
26

17
±
30

22
±
35

p
=
0.
00
6

A
pa
rt
fr
om

n,
ce
lls

gi
ve

m
ea
n
sc
or
es

w
ith

st
an
da
rd

de
vi
at
io
n
an
d
p
va
lu
es

fo
rt
he

M
an
n-
W
hi
tn
ey

U
te
st
,i
fn

ot
ot
he
rw

is
e
sp
ec
if
ie
d.
In

gl
ob
al
he
al
th
an
d
fu
nc
tio

na
ls
ca
le
s
in
cl
ud
in
g
ph
ys
ic
al
,r
ol
e,
em

ot
io
na
l,

co
gn
iti
ve

an
d
so
ci
al
fu
nc
tio

ni
ng
,h
ig
he
r
sc
or
es

re
fl
ec
ta

hi
gh
er

le
ve
lo

f
fu
nc
tio

ni
ng
.I
n
th
e
re
m
ai
ni
ng

sy
m
pt
om

sc
al
es

an
d
si
ng
le
ite
m
s,
hi
gh
er

sc
or
es

re
fl
ec
ta

hi
gh
er

le
ve
lo

f
pr
ob
le
m
s

P
M
E
pa
rt
ia
lm

es
or
ec
ta
le
xc
is
io
n,
TM

E
to
ta
lm

es
or
ec
ta
le
xc
is
io
n,
IR

in
te
rs
ph
in
ct
er
ic
re
se
ct
io
n,
LA

R
S
lo
w
an
te
ri
or

re
se
ct
io
n
sy
nd
ro
m
e

*n
=
26
1
if
no
to

th
er
w
is
e
sp
ec
if
ie
d

a
K
ru
sk
al
-W

al
lis

te
st

b
n
=
18
4,
pa
tie
nt
s
w
ith

P
M
E
or

st
ra
ig
ht

an
as
to
m
os
is
ex
cl
ud
ed

c
O
ne

pa
tie
nt

m
is
si
ng

752 Int J Colorectal Dis (2019) 34:747–762



low, indicating that the investigated factors explained only
around 10% of the variance within the scales (Table 2).

QLQ-CR38

Dichotomisation of the three LARS categories again showed
more pronounced differences if major LARSwas compared to
no and minor LARS. Body image, micturition problems, GI
symptoms, problems with defaecation and future perspective
were impaired if major LARS was present (Fig. 2).
Anastomotic leakage was associated with reduced body image
and GI symptoms. Radiation therapy exhibited more
defaecation problems (small difference). Problems with
defaecation scored higher for IR and TME as compared to
PME.

Overall, sexual functioning was not significantly related to
LARS, but showed low scores with a moderate difference for
age (patients ≤ 64 years 30 vs. patients > 64 years 16,

p < 0.001) and sex (females 14 vs. males 29, p < 0.001).
Sexual enjoyment was indicated with higher scores by youn-
ger patients (70) than by older ones (38, p = 0.003); however,
only 67 (25.7%) patients answered this question. Male sexual
problems (response rate 129/162 (79.6%)) occurred with ra-
diation therapy (moderate difference) and in tendency with
major LARS (moderate difference) and higher age (moderate
difference). Females were asked to answer questions related to
sexual problems only if they were sexually active and had
sexual intercourse; thus, only 23/99 (23.2%) patients
responded to the questions. Irradiated females reported more
difficulties (large difference) (Table 3).

Regression analysis revealed an association of LARS with
body image, micturition problems, GI symptoms, problems
with defaecation and future perspective. Regarding sexual
function, we could only elicit a tendency towards more prob-
lems in men with LARS. Anastomotic insufficiency had a
negative independent impact on body image and GI
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Financial difficul�es

Diarrhoea

Cons�pa�on

Appe�te loss

Insomnia

Dyspnoea

Pain

Nausea and vomi�ng

Fa�gue

Social func�oning

Cogni�ve func�oning

Emo�onal func�oning

Role func�oning

Physical func�oning

Global health

LARS - no/minor 

LARS - major

67 ±20
56 ±19
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75 ±19

77 ±30
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p<0.001

p<0.001
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86 ±21
79 ±24p=0.012

82 ±27
59 ±32
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16±24 
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13±27
24 ±35p=0.003

Score (M±SD)

Fig. 1 EORTC QLQ-C30 mean
scores, no/minor LARS versus
major LARS. In global health and
functional scales including
physical, role, emotional,
cognitive and social functioning,
higher values reflect a higher level
of functioning. In the remaining
symptom scales and single items,
higher values reflect a higher level
of problems. n = 261, Mann-
Whitney U test; LARS low
anterior resection syndrome

Int J Colorectal Dis (2019) 34:747–762 753



Table 2 Regression analysis
QLQ-C30 Dependent variable

Dependent variable

Independent variable

Independent variable

Coefficient (99% CI)

Odds ratio for higher
outcome (99% CI)

p

p

R2

Pseudo R2

Global health (constant) 66 (61 … 70) < 0.001 0.08

LARS no/minor ref.

major − 11 (− 18… − 4) < 0.001

N-pos. no ref.

yes 7 (− 1 … 14) 0.021

Physical functioning (constant) 83 (77 … 90) < 0.001 0.09

LARS no/minor ref.

major − 8 (− 15 … − 1) 0.002

Age ≤ 64 years ref.

> 64 years − 10 (− 16 … − 3) < 0.001

Radiotherapy no ref.

yes 6 (− 1 … 13) 0.025

Role functioning (constant) 71 (62 … 81) < 0.001 0.07

LARS no/minor ref.

major − 16 (− 26 … − 6) < 0.001

Procedure PME ref.

TME/IR 8 (− 2 … 19) 0.044

Emotional functioning (constant) 78 (71 … 85) < 0.001 0.11

LARS no/minor ref.

major − 14 (− 21 … − 7) < 0.001

Procedure PME ref.

TME/IR 7 (− 1 … 15) 0.016

Anastomotic leak no ref.

yes − 8 (− 17 … 2) 0.050

Cognitive functioning (constant) 82 (77 … 88) < 0.001 0.05

LARS no/minor ref.

major − 9 (− 16 … − 1) 0.003

Radiotherapy no ref.

yes 8 (1 … 15) 0.006

Social functioning (constant) 88 (80 … 96) < 0.001 0.15

LARS no/minor ref.

major − 21 (− 31 … − 12) < 0.001

Sex female ref.

Male − 8 (− 17 … 2) 0.035

Time since operation

< 2 years ref.

≥ 2 years − 9 (− 22 … 3) 0.044

Fatigue (constant) 26 (21 … 31) < 0.001

LARS no/minor ref.

major 10 (1… 18) 0.004 0.05

Anastomotic leak no ref.

yes 10 (− 2 … 22) 0.029

Insomnia LARS no/minor ref. 0.13

major 2.7 (1.4 … 5.2) < 0.001

Sex female ref.

male 0.4 (0.2 … 0.8) < 0.001

Appetite loss Anastomotic leak no ref. 0.07

yes 3.1 (1.1 … 8.9) 0.006
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65±34
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Score (M±SD)

Fig. 2 EORTC QLQ-CR38 mean
scores, no/minor LARS versus
major LARS. In functional scales
including body image, sexual
functioning, sexual enjoyment
and future perspective, higher
values reflect a higher level of
functioning. In symptom scales
and single items, higher values
reflect a higher level of problems.
n = 259 if not otherwise specified,
Mann-Whitney U test; LARS low
anterior resection syndrome, GI
gastrointestinal

Table 2 (continued)
Dependent variable

Dependent variable

Independent variable

Independent variable

Coefficient (99% CI)

Odds ratio for higher
outcome (99% CI)

p

p

R2

Pseudo R2

Diarrhoea LARS no/minor ref. 0.28

major 4.4 (2.2 … 8.7) < 0.001

Sex female ref.

male 0.6 (0.3 … 1.1) 0.029

Procedure PME ref.

TME 2.1 (0.9 … 5.1) 0.029

IR 2.9 (0.9 … 9.4) 0.021

Anastomotic leak no ref.

yes 4.2 (1.6 … 10.6) < 0.001

Radiotherapy no ref.

yes 2.0 (0.9 … 4.1) 0.019

Financial difficulties LARS no/minor ref. 0.15

major 1.9 (0.9 … 4.0) 0.030

Age ≤ 64 years ref.

> 64 years 0.4 (0.2 … 0.8) 0.002

Distant recurrence no ref.

yes 3.9 (1.0 … 14.4) 0.008

All linear regression analyses including Coefficients and R2 values are given in roman, all ordinal regression
analyses including Odds Ratio for higher outcome and Pseudo R2 are given in italics. In linear regression, all
scales are out of 100. In functional scales, higher scores reflect a higher level of functioning. In the symptom scales
and single items, higher scores reflect a higher level of problems

PME partial mesorectal excision, TME total mesorectal excision, IR intersphincteric resection, LARS low anterior
resection syndrome
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symptoms. Younger age and male sex were independently
associated with better sexual functioning, and younger pa-
tients indicated a higher sexual enjoyment. There was a ten-
dency towards more male sexual problems with higher age
and after irradiation. Female sexual problems showed only
an independent adverse relationship with radio(chemo) thera-
py (Table 4).

Discussion

Our study provides a cross section of patient-reported QoL
after surgery-preserving bowel continuity for rectal cancer in
relation to patient- and treatment factors. Mean score for glob-
al health status (63) was almost identical to the score of a
reference population (61) which comprised all cancer stages
of colorectal cancer and was published by the EORTC [17].
This is remarkable because the reference population includes
colon cancer patients in whom many functional problems that
rectal cancer patients are faced with do not apply.
Furthermore, global QoL of our patient cohort with a median
age of 64 years was very similar to the 60–69 years age group
of a randomly selected general German population [18]. Thus,
a median 6.5 years after operation, global QoL as measured
with the EORTC QLQ-C30 is almost equal to that of the
general population in patients after anterior resection for rectal
carcinoma.

Our study shows that global health in rectal cancer patients
is associated with the absence or presence of bowel symptoms
as reflected by LARS. Differences were more pronounced if
patients with major LARS were compared to the other two
groups. This tendency has already been shown by several
authors [5, 19, 20]. Major LARS displays a moderate differ-
ence in QoL. Moreover, major LARS correlates independent-
ly and negatively with physical, role, emotional, cognitive and
social functioning as well as body image and micturition prob-
lems. It is also related to insomnia and fatigue which can be
explained by nocturnal bowel movements that interrupts and
fragments sleep episodes. However, as only about 10% of
variance is explained by major LARS, one may speculate that
the impact of patient- and treatment factors on QoL is less
important as hitherto assumed.

The second factor that showed changes in a variety of QoL
aspects was anastomotic leak. It was associated with appetite
loss, diarrhoea, GI symptoms, body image and in tendency
with defaecation problems. Impairment of anorectal function
after anastomotic leaks has been demonstrated before [21].We
could further detect a tendency towards lower scores of role,
emotional and cognitive functioning as well as higher values
for pain, fatigue and financial problems.

Both LARS and anastomotic leak are sequelae of surgery:
LARS to a large extent [12] and anastomotic insufficiency
exclusively. Although it is obvious that treatment has to first

address the tumour with the goal of optimal tumour manage-
ment, many treatment options exist nowadays to optimise
functional outcome. These include autonomic nerve preserva-
tion during surgery twinned with a thorough knowledge of
autonomic nerve anatomy in the small pelvis [22–25], pelvine
intraoperative neuromonitoring (pIONM) [26] and possibly
transanal total mesorectal excision (taTME) [27–29] as well
as robotic surgery [30]. The laparoscopic approach, however,
could not demonstrate superior results regarding QoL [31].

Our data are in line with previous reports that investigate
the impact of LARS on QoL with the EORTC QLQ-C30.
Emmertsen and Laurberg enrolled 260 patients in a prospec-
tive study and could demonstrate a negative impact of major
LARS on global health and all functional scales except on
cognitive function 3 and 12 months after surgery [20]. The
international validation study of the LARS score [10] also co-
investigated the association of LARS and selected scales of
the EORTC QLQ-C30 [19]. The authors described a close
association of major LARS and impairment for seven of the
eight scales chosen for analysis, amongst them global QoL,
role, emotional and social functioning, whereas they could not
find a relevant difference for minor LARS as compared to no
LARS.

Another study correlated LARS to an anchor question re-
garding bowel QoL which categorised patients in three groups
with no, minor and major impairments. These three groups
correlated well with the three LARS categories and the
EORTC QLQ-C30 scales. Significant differences for bowel
QoL were reported in a total of 462 patients for global health
and all functional scales at a median 5 years after surgery.
However, no direct comparison of LARS and QLQ-C30 was
performed [5].

In our patient population, males reported a significantly
worse social function but less symptoms with insomnia than
females. Gender differences in QoL have been described for
the general population by other groups which found generally
higher functional and lower symptom scores for males [18,
32, 33]. In rectal cancer patients, it is conceivable that males
cope less well with their situation and feel therefore socially
more isolated than women.

Furthermore, the role of radio(chemo) therapy is often
discussed as having an adverse impact on QoL [34–37].
We could neither detect a significant association of
radio(chemo) therapy with global health nor with any func-
tional scale. The vast majority of our patients was treated
by preoperative radiochemotherapy, of whom a large num-
ber received either intensity-modulated radiotherapy
(IMRT) or volumetric intensity-modulated arc therapy
(VMAT), which might ameliorate the reported functional
impairments attributed to radiotherapy [38]. In the linear
regression models, radiotherapy was significantly associat-
ed with cognitive function by + 8 points, a finding which
has no straightforward explanation.
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Table 4 Regression analysis QLQ-CR38

Dependent variable
Dependent variable

Independent variable
Independent variable

Coefficient (99% CI)
Odds ratio for higher
outcome (99% CI)

p
p

R2

Pseudo R2

Body image (Constant) 84 (79 … 89) < 0.001 0.9

LARS no/minor ref.

major − 11 (− 19 … − 2) 0.001

Anastomotic leak no ref.

yes − 15 (− 27… − 4) 0.001

Sexual functioning (Constant) 21 (12 … 29) < 0.001 0.12

Age ≤ 64 years ref.

> 64 years − 14 (− 23… − 5) < 0.001

Sex female ref.

male 14 (4 … 23) < 0.001

Sexual enjoyment Age ≤ 64 years ref. 0.27

> 64 years 0.2 (0.0 … 0.6) 0.001

Male sexual problems (Constant) 45 (30 … 60) < 0.001 0.12

LARS no/minor ref.

major 13 (− 4 … 29) 0.048

Age ≤ 64 years ref.

> 64 years 13 (− 3 … 30) 0.037

Radiotherapy no ref.

yes 16 (0 … 33) 0.011

Female sexual problems (Constant) 10 (− 19… 39) 0.334 0.36

Radiotherapy no ref.

yes 46 (8 … 85) 0.002

Micturition problems (Constant) 28 (24 … 31) < 0.001 0.03

LARS no/minor ref.

major 7 (1 … 12) 0.004

GI symptoms (Constant) 15 (11 … 19) < 0.001 0.17

LARS no/minor ref.

major 11 (6 … 16) < 0.001

Age ≤ 64 years ref.

> 64 years − 4 (− 9 … 1) 0.033

Anastomotic leak no ref.

yes 9 (2 … 16) 0.001

Problems with defaecation (Constant) 11 (7 … 14) < 0.001

LARS no/minor ref.

major 18 (14 … 22) < 0.001 0.35

Anastomotic leak no ref.

yes 6 (0 … 12) 0.012

Time since operation

<2 years ref.

≥ 2 years 5 (− 1 … 10) 0.037

Radiotherapy no ref.

yes 4 (0 … 8) 0.016

Future perspective LARS no/minor ref. 0.12

major 0.4 (0.2 … 0.7) < 0.001

Anastomotic leak no ref.

yes 0.5 (0.2 … 1.2) 0.045

Time since operation
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In our study, we found a large difference in sexual function;
females had more severe problems than men, when we com-
pared patients with and without radio(chemo)therapy. The
follow-up study of the Dutch trial confirmed more sexual
dysfunction for males and females in the TME + short-
course radiotherapy group. Erection difficulties were reported
at a rate of 50.5% in the irradiated group compared to 29.9%
in the surgery only group. Sexually active females reported
dyspareunia in 20% after TME + radiotherapy as compared to
5.4% after TME only [39]. Stephens et al. were able to show
in a randomised trial comparing short-course preoperative ra-
diotherapy to selective postoperative chemoradiotherapy that
scores of male sexual dysfunction rose from 28 at baseline to
59 after surgery [40]. At 2 years, the group with preoperative
short-course radiotherapy indicated a score of 66 vs. 57 in the
selective treatment group. On the contrary, other studies have
also described deterioration of sexual function for both gen-
ders after rectal cancer treatment but could not or only in part
document an association with radio(chemo) therapy [37, 41].
In general, women especially are reluctant to answer questions
about sexual function. Therefore, our data have to be
interpreted with caution especially with regard to female sex-
ual function due to the limited number of patients reporting on
sexual issues. Nevertheless, these functional impairments
should be considered in patient counselling especially in sex-
ually active patients.

The strength of our study is a thorough investigation of all
aspects of QoL as expressed by both the EORTC QLQ-C30
and the bowel specific QLQ-CR38 questionnaires. We could
demonstrate that overall QoL is associated with LARS. As
expected, bowel-related symptoms also correlate with LARS,
as do body image, micturition problems and future perspective.
Sexual functioning and sexual problems are rather correlated
with age, and the impact of other factors is difficult to judge,
because the number of affected patients was restricted in a
population with a median age of approximately 70 years.

Our study harbours some limitations that need to be
addressed. In the group of responders, there were

significantly more patients with a time interval since op-
eration of <2 years and less patients who suffered an
anastomotic leak after surgery. Despite these differences,
we esteem the responders as representative for the inves-
tigated patient population. Furthermore, we neither evalu-
ated the educational, socioeconomic or marital status of
the patients nor co-morbidities. It was shown that these
factors are associated with various aspects of QoL [33, 42,
43]. There is also evidence that personality has a strong
impact on QoL after colorectal surgery [44] of which we
also had no information. It is likely that these information
would have explained a larger part of the variance than
the available factors [44]. We indeed focused on patient-,
tumour- and treatment aspects to analyse their respective
associations as we could assume that the aforementioned
factors are independent of tumour treatment.

Conclusion

This study thoroughly investigates the association of
LARS with QoL as measured with the EORTC QLQ-
C30 and CR38 questionnaires in rectal cancer patients.
It reveals that major LARS is associated with many more
aspects of QoL as compared to other patient- and treat-
ment factors such as RCT, age and tumour characteristics.
The differences in QoL that can be explained by LARS,
however, are only in the range of 10%. Nevertheless,
preservation of anorectal function as well as treatment of
LARS are potential measures to improve QoL in this pa-
tient group.
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Table 4 (continued)

Dependent variable
Dependent variable

Independent variable
Independent variable

Coefficient (99% CI)
Odds ratio for higher

outcome (99% CI)

p
p

R2

Pseudo R2

<2 years ref

≥2 years 0.5 (0.2 … 1.1) 0.038

Distant recurrence no ref.

yes 0.4 (0.1 … 0.8) 0.047

All linear regression analyses including Coefficients and R2 values are given in roman; all ordinal regression analyses including Odds Ratio for higher
outcome and Pseudo R2 are given in italics. In linear regression, all scales are out of 100. In functional scales including body image, sexual function,
sexual enjoyment and future perspectives, higher scores reflect a higher level of functioning. In symptom scales and weight loss, higher scores reflect a
higher level of problems

PME partial mesorectal excision, TME total mesorectal excision, IR intersphincteric resection, LARS low anterior resection syndrome,GI gastrointestinal
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