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Abstract
Aim: The risk of anastomotic leakage after colorectal cancer surgery is higher in men, 
regardless of the anatomical location. Previous studies suggest that this might be due to 
hormonal differences. The aim of this work was to investigate whether androgen depriva-
tion therapy influenced the incidence of anastomotic leakage.
Method: This is a nationwide registry-based study of men operated on between 2007 
and 2021 for colorectal cancer with an anastomosis. Exposure to androgen deprivation 
therapy (prescribed drugs or surgical castration) was related to anastomotic leakage using 
mixed-effects logistic regression models. Two control groups were formed: one without 
and one with prostate cancer but without androgen deprivation. To study the potential 
target for androgen effect in intestinal tissue, androgen receptor expression was evalu-
ated using immunohistochemistry in a smaller independent cohort to compare receptor 
expression in relation to leakage.
Results: Some 24 611 men were included in the registry study, of whom 2.4% were ex-
posed to androgen deprivation therapy. In this exposed group, compared with unexposed 
men with and without prostate cancer, respectively, leak rates were 3.7%, 5.6% and 5.8%, 
respectively. After adjustment, a nonsignificant reduction of anastomotic leakage in the 
exposed group was detected (OR 0.70, 95% CI 0.45–1.09) compared with men without 
prostate cancer. Tissue expression of androgen receptor was very low among patients 
with and without leakage, albeit with a trend of higher expression among the latter.
Conclusion: Anastomotic leakage rates might be lower in men exposed to androgen dep-
rivation therapy before surgery for colorectal cancer, although this finding must be inter-
preted cautiously. Effects on anastomotic healing do not seem to be mediated through 
classical androgen receptor signalling in the intestine.
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INTRODUC TION

Anastomotic leakage after colorectal cancer surgery is a major com-
plication, with associated morbidity and, at times, mortality [1, 2]. 
Technical as well as biological factors are involved in the develop-
ment of leakage, and a strong link has been demonstrated between 
a distal anastomosis and male sex [1, 3]; in particular, men seem to 
have a 50% higher incidence of anastomotic leakage. A popular ex-
planation for this discrepancy regarding rectal cancer is the wider 
pelvis in women, enabling an easier and less time-consuming dissec-
tion; there is some support for this notion, as these sex differences 
are attenuated when taking pelvimetric measurements into account 
[4]. However, even colon cancer operations exhibit higher leak rates 
in men, although that difference might be explained by dissimilarities 
in visceral fat distribution [5].

In other biological processes, hormonal differences between 
men and women are essential, exemplified by improved skin healing 
via antiandrogen and oestrogen exposure [6]. The data on colorectal 
anastomoses are sparse, but experimental research implies that, in 
male mice, less collagen is deposited in colonic anastomoses [7]. In a 
previous population-based study evaluating oestrogen exposure in 
women, hormonal replacement therapy seemed to decrease anas-
tomotic leakage [8]. Previously, local prostate cancer treatment has 
been associated with an increased proportion of anastomotic leaks 
in rectal cancer patients [9]. However, the potential impact of anti-
hormonal therapy remains unexamined, and the underlying mecha-
nism by which androgens may influence anastomotic healing has yet 
to be explored.

In the present study, it was hypothesized that exposure to andro-
gen deprivation therapy in men might decrease the risk of colorectal 
anastomotic leakage in comparison with nonexposed men with and 
without prostate cancer. Furthermore, it was hypothesized that there 
might be differences in androgen receptor expression in the intestinal 
tissue between patients with and without an anastomotic leakage, po-
tentially providing insight into the signalling pathways involved.

METHOD

Checklist for the reporting of observational studies

This article was written in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
checklist for the reporting of observational studies [10].

Data source

A nationwide registry study was performed based on Colorectal 
Cancer Base Sweden (CRCBaSe), a database linkage originating from 
a national quality registry, the Swedish Colorectal Cancer Registry 
(SCRCR), containing data on all Swedish patients diagnosed with colo-
rectal cancer [11]. Compliance has been assessed at 98.5% and 98.8% 

for colon and rectal tumours, respectively [12]. Data are prospectively 
registered during treatment and follow-up. Patient and tumour char-
acteristics such as age, sex, American Society of Anesthesiologists 
grade, tumour location and tumour stage are reported in detail, as 
well as preoperative treatment and perioperative data. Several other 
registries are incorporated into CRCBaSe. The Prescribed Drug 
Registry reports information on all prescribed and dispensed drugs 
since 2005 [13]. This registry contains information on Anatomical 
Therapeutic Chemical (ATC) code, dosage and date of prescription as 
well as withdrawals. The National Patient Registry includes dates and 
codes of diagnosis and surgical procedures. Data on inpatient care 
has been collected since 1964 (with nationwide coverage since 1987) 
and outpatient data since 2001, with a national coverage of more than 
99% [14]. Information regarding educational attainment was obtained 
from the Longitudinal Integrated Database for Health Insurance and 
Labour Market Studies (LISA) database [15]. The Registry of Total 
Population provided information on migration [16] and the Cause of 
Death Registry was used to ascertain vital status.

Study design

This is a retrospective observational study comprising men diag-
nosed with colorectal cancer between 2007 and 2021, identified 
in the SCRCR. The inclusion criteria were colorectal cancer surgery 
with an anastomosis; the exclusion criteria amounted to patients 
registered with procedural codes for prostatectomy or prostate irra-
diation without a concurrent prostate cancer diagnosis. The SCRCR 
was used to derive clinical data regarding tumour specifics, surgery 
and oncological treatment, whereas information on concurrent dis-
ease and educational attainment was collected from the National 
Patient Registry and the LISA database, respectively.

Study exposure and outcome

Exposure

The exposure was classified according to ATC codes derived from 
the Prescribed Drugs Registry and diagnostic codes from the 
National Patient Registry. The exposure was androgen deprivation 

What does this paper add to the literature?

The occurrence of anastomotic leakage after surgery for 
colorectal cancer differs between men and women, for 
unknown reasons. Here, nationwide registry data are used 
to demonstrate that men exposed to androgen deprivation 
therapy might have a lower rate of leakage. However, this 
potential effect does not seem to be mediated through co-
lonic androgen receptors.
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therapy (ADT). This was either due to antiandrogen therapy or 
chemical or surgical castration in men with prostate cancer. To 
be classified into this group due to drug exposure, the relevant 
drugs had to be withdrawn at least twice consecutively, at least 
one time of which was within 12 months before the colorectal 
cancer operation. Antiandrogen drugs comprised agents from the 
ATC group L02BB, while chemical castration consisted of drugs 
from the following ATC groups: L02AE02, L02AE03, L02AE04 or 
L02BX02. Surgical castration was determined by previous bilateral 
orchidectomy, as indicated by the occurrence of any procedural 
code KFC10 or KFC15 in the National Patient Registry before 
the colorectal cancer operation. Patients simultaneously fulfill-
ing criteria for the antiandrogen group and castration group were 
excluded from the former but included in the latter group. The 
unexposed men consisted of men with prostate cancer without 
ADT, or men without prostate cancer.

Outcome

The primary outcome was anastomotic leakage within 30 days or in-
hospital. The SCRCR does not provide a formal definition of leakage. 
The variable has been evaluated for rectal cancer surgery and found 
to be underreported (29%) when compared with an international 
consensus definition [17], whereas almost no false positives could be 
found [18]. Moreover, the SCRCR does not include date and modality 
of detection for anastomotic leakage.

Tumour location

Right-sided cancers were defined as any adenocarcinoma from the 
caecum to the transverse colon; left-sided cancers included the splenic 
flexure down to the sigmoid; rectal cancers denoted any cancer within 
15 cm from the anal verge, as measured by a rigid sigmoidoscope.

Statistical analyses

We aimed to estimate the total effect of ADT on the risk of anasto-
motic leakage, which requires adjustment for confounding. Potential 
confounding factors were chosen from a directed acyclic graph [19], 
depicted in Figure  1. A minimally sufficient adjustment set was de-
fined, comprising age at diagnosis, calendar year of surgery, body mass 
index (BMI), Charlson comorbidity index (CCI) [20] and educational at-
tainment; the first three variables were included as continuous vari-
ables, while BMI and education were treated as categorical variables 
(<25, 25–30 or >30 kg/m2 and <9, 9–12 or >12 years, respectively). 
When deriving the CCI, the prostate cancer diagnosis itself was not 
included in this study, as this formed part of the exposure. Unadjusted 
logistic regression as well as mixed-effects logistic regression analyses 
with adjustment for the above covariates as fixed effects and a random 
intercept for the operating hospital were conducted, producing ORs 

with 95% CIs. Operating hospital was included as a cluster variable, 
since patients were extracted from all hospitals performing colorectal 
cancer resections during the study period. To assess multicollinearity 
of the mixed model, generalized inflation variance factors were deter-
mined for the main model; as these were close to unity for all predic-
tors, the risk of multicollinearity was considered negligible. Moreover, 
an interaction model was used to estimate separate effects of ADT 
according to different tumour locations, employing an interaction term 
of ADT and tumour location. Sensitivity analyses were also conducted. 
Firstly, we evaluated the impact of including previous prostatectomy 
and/or prostate irradiation as confounders. Secondly, we redefined 
the ADT exposure to reflect a more stringent definition, requiring two 
dispensations within 24 months, of which one was within 12 months 
of surgery. Thirdly, we included ASA fitness grade (I, II or III–IV) as an 
additional covariate. A complete cases analysis was used throughout, 
as missing data were rare. The statistical analyses were performed in 
R version 4.1.1.

Analysis of androgen receptor expression in intestinal 
tissue: A substudy

In this substudy, we used immunohistochemistry to compare the ex-
pression of androgen receptor in colonic tissue between patients 
who had experienced anastomotic leakage and patients who had not. 
An independent cohort, unrelated to the cohort used in the nation-
wide registry-based study, was used for this purpose. Tissue samples 
were available for this cohort that included patients from previously 
published clinical trials [21, 22]. All patients underwent colon re-
section with an anastomosis between 2010 and 2019 at Helsinki 
University Hospital in Finland, and tissue samples were acquired from 
the Department of Pathology at the same hospital. A case–control 
matching was carried out, with cases being patients who experienced 
anastomotic leakage while controls did not. The tissue samples were 
selected from the healthy, proximal resection margin. Only colonic tis-
sue was used, and patients whose tissue was of insufficient quality and 
with signs of malignant tissue were excluded.

Immunohistochemical staining

Immunohistochemical staining was carried out following the 
EnVision FLEX High pH detection system protocol (K8000, Dako, 
Glostrup, Denmark), utilizing a PT link (Dako, Glostrup, Denmark) 
and Autostainer 480S (Lab Vision, Fremont, CA, USA). Formalin-
fixed paraffin-embedded tissue samples were cut to 3.5 μm sections. 
Deparaffinization, rehydration and antigen retrieval via heat-induced 
epitope retrieval were conducted following the three-in-one speci-
men preparation procedure protocol (Dako, Glostrup, Denmark) 
using the Envision FLEX Target Retrieval Solution High pH (×50). 
This was followed by blocking of endogenous peroxidases using 
the Envision FLEX peroxidase-blocking reagent (15-min incubation). 
The primary antibody used was 0.22 mg/mL androgen receptor (AR) 
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rabbit monoclonal antibody (SP107, Invitrogen, CA, USA; diluted 
1:200, overnight incubation). EnVision FLEX/HRP was used as a 
secondary antibody (20-min incubation). The staining was visualized 
using diaminobenzidine (10-min incubation) as a chromogen and 
Mayer's haematoxylin as a counterstain. Sections of prostate gland 
tissue were used as positive controls during the staining.

Scoring of immunohistochemical staining

A binary scoring system (positive/negative) was used for assessing 
the immunohistochemical staining. The epithelium and the muscula-
ris propria were scored separately. The expression in the respective 
tissues was considered positive if any immunopositivity was present 
and negative if no immunopositivity could be observed. The scoring 
was carried out by two evaluators (IN and JH), one of whom is an 
experienced clinical pathologist.

Statistical analysis of tissue staining

The scoring of the immunohistochemical staining was analysed and 
compared between the case and control groups using a nonparamet-
ric McNemar test. The expression in the epithelium and the muscu-
laris propria was analysed separately. Statistical analysis was carried 
out using SPSS version 29.

RESULTS

Study participants

Some 24 611 men were included in the nationwide registry-based 
study. Of these, 600 (2.4%) had prostate cancer and were consid-
ered exposed to ADT, 1809 (7.4%) had prostate cancer without 
ADT exposure, while 22 202 (90.2%) had no diagnosis of prostate 

F I G U R E  1 Directed acyclic graph, depicting the proposed relationships between exposure, outcome and other variables pertaining to the 
research question. Red circles indicate ancestors of both outcome and exposure that are necessary to adjust for to eliminate confounding. 
ADT, androgen deprivation therapy; ASA, American Society of Anesthesiologists physical fitness grade; BMI, body mass index; CCI, Charlson 
comorbidity index; c/pTNM, clinical/pathological tumour-node-metastasis staging system.
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cancer (Table 1, Figure 2). A minority of the ADT exposure group 
consisted of surgically or chemically castrated men (37.8%), while 
the remainder comprised men exposed to antiandrogens. The 
ADT exposure was consistent over time (Figure 3). Of note, those 
exposed to ADT were older, had fewer years of education, less 
commonly had a rectal cancer diagnosis and had a higher postop-
erative mortality.

Anastomotic leakage by ADT exposure

Men without a prostate cancer diagnosis had an overall leakage rate 
of 5.8%, while ADT-exposed prostate cancer patients had a leakage 
rate of 3.7% and men with prostate cancer without ADT-exposure 
had a rate of 5.6% (Table  2). Reintervention for leakage in these 
groups amounted to 73.5%, 77.3% and 69.6%, respectively.

Variables

Men without 
prostate cancer 
(n = 22 202)

Men with prostate 
cancer and ADT 
(n = 600)

Men with prostate 
cancer without 
ADT (n = 1809)

Age (years) 71 (64–78) 80 (75–84) 75 (70–79)

Body mass index (kg/m2)

<25 8154 (37%) 237 (40%) 710 (39%)

25–30 8826 (40%) 227 (38%) 757 (42%)

>30 3524 (16%) 85 (14%) 244 (13%)

Missing 1698 (8%) 51 (8%) 98 (5%)

CCIa 0 (0–1) 0 (0–2) 0 (0–1)

ASA fitness grade

I 3221 (15%) 12 (2%) 115 (6%)

II 11401 (51%) 263 (44%) 1031 (57%)

III–IV 7155 (32%) 306 (51%) 635 (35%)

Formal education (years)

<9 7636 (34%) 258 (43%) 600 (33%)

9–12 8929 (40%) 225 (38%) 689 (38%)

>12 5387 (24%) 112 (19%) 502 (28%)

Prostatectomy N/A 54 (9%) 549 (30%)

Prostate irradiation N/A 165 (28%) 376 (21%)

Year of colorectal 
cancer diagnosis

2014 (2010–2018) 2013 (2010–2017) 2015 (2011–2019)

Tumour location

Right colon 10346 (47%) 320 (53%) 895 (49%)

Left colon 8175 (37%) 217 (36%) 602 (33%)

Rectum 3681 (17%) 63 (10%) 312 (17%)

Pathological tumour stage

0 56 (0%) 3 (0%) 5 (0%)

I 4096 (18%) 118 (20%) 371 (21%)

II 7541 (34%) 218 (36%) 611 (34%)

III 7619 (34%) 183 (30%) 596 (33%)

IV 2221 (10%) 58 (10%) 161 (9%)

Missing 669 (3%) 20 (3%) 65 (4%)

Emergency surgery 2566 (12%) 86 (14%) 153 (8%)

Minimally invasive 
surgery

6699 (30%) 173 (29%) 626 (35%)

Mortality within 90 days 763 (3%) 40 (7%) 60 (3%)

Note: Data are presented as median (IQR) for continuous measures and n (%) for categorical 
measures. Percentages may not add up due to rounding.
Abbreviations: ADT, androgen deprivation therapy; ASA, American Society of Anesthesiologists; 
CCI, Charlson comorbidity index.
aProstate cancer diagnosis excluded from the index calculation.

TA B L E  1 Demographic and clinical data 
for 24 611 men operated on in Sweden 
for colorectal cancer between 2007 and 
2021, divided by prevalence of prostate 
cancer and androgen deprivation therapy.
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In the main analysis, the unadjusted analysis demonstrated a 
decrease in anastomotic leakage among those exposed to ADT (OR 
0.62, 95% CI 0.39–0.92) but not in men with prostate cancer with-
out ADT exposure (OR 0.97, 95% CI 0.78–1.18) compared with men 
without prostate cancer. The adjusted analysis rendered an attenu-
ated reduction for those exposed to ADT (OR 0.70; 95% CI: 0.45–
1.09). Using tumour location as an interaction term, the apparent 
reduction in leakage was demonstrated for the left colon (OR 0.52, 
95% CI 0.23–1.19) and the rectum (OR 0.44, 95% CI 0.14–1.40) but 
not for the right colon (OR 0.99, 95% CI 0.55–1.79).

The sensitivity analyses are summarized in Table 3. After add-
ing prostatectomy and prostate irradiation as confounders, results 
were similar to the main analysis (OR 0.66, 95% CI 0.41–1.05). 
Using a more stringent definition of ADT exposure, results were 
again comparable (OR 0.72, 95% CI 0.46–1.13). The addition of 
ASA as a covariate rendered similar findings (OR 0.71, 95% CI 
0.46–1.11).

Participants in the analysis of androgen receptor 
expression

Initially the substudy included a case group consisting of 45 pa-
tients who had experienced anastomotic leakage as well as a con-
trol group consisting of 46 patients who had not. In the end, 12 
cases had to be excluded: six due to missing tissue samples and 
six due to insufficient quality and/or the presence of malignancy 
in tissue samples. The 33 remaining cases were randomly matched 

(1:1) to 33 of the 46 initially identified controls, with sex and type 
of surgery (right sided or left sided/subtotal) as matching criteria 
(Figure S1, Table S1). Tissue samples from 66 patients were there-
fore studied, and the scoring of the immunohistochemical staining 
was analysed as matched data.

Androgen receptor expression

The overall expression of androgen receptors in the colonic tissue 
of the case and control groups was low (Figure 4). The number of 
patients expressing some level of androgen receptor was slightly 
higher in the control group when compared with the case group 
(Table S2). This trend was observed for expression in both the epi-
thelial and muscular layers. These differences between the groups 
were, however, not statistically significant (p = 0.092 and p = 0.118, 
respectively) (Table S3).

DISCUSSION

In this nationwide study of male colorectal cancer patients, a poten-
tial but statistically nonsignificant reduction in risk of anastomotic 
leakage was detected as a function of present or recent ADT expo-
sure in men with prostate cancer. The possible effect was seen for 
cancers in the left colon and rectum, while patients with right colon 
cancer were not affected. Prostate cancer controls without ADT ex-
posure were no different from controls without prostate cancer in 

F I G U R E  2 Flowchart for the nationwide registry-based study.
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terms of anastomotic leakage, corroborating the notion that andro-
gen exposure might play a role in the pathophysiology of leakage.

Differing rates of anastomotic leakage between men and women 
is a known phenomenon. Nevertheless, putative reasons to explain 
this have not been extensively investigated. The hypothesis that 
the wider pelvis in women enables easier dissection and therefore 
a lower risk of leakage has some support from recent pelvimetric 
data [4], but leak rates also differ after colon cancer operations [23]. 

Some experimental data suggest lower deposition of anastomotic 
collagen in male rats [7], while other studies indicate that differences 
in visceral fat distribution between the sexes might contribute to 
varying leak frequencies [5]. Even more pertinent to the present 
data, a study on laser resection of dog prostates revealed that an-
drogen deprivation by surgical castration promoted wound healing, 
while testosterone supplementation prolonged the inflammatory 
phase [24]. Moreover, topical application of an androgen receptor 

F I G U R E  3 The yearly proportion of colorectal cancer patients receiving androgen deprivation therapy.

TA B L E  2 Anastomotic leakage as a function of prostate cancer prevalence and androgen deprivation therapy exposure in men operated 
for colorectal cancer, as well as by tumour location using an interaction term.

ADT group Leakage proportion Unadjusted OR (95% CI) Adjusteda OR (95% CI)

All locations

Men without prostate cancer 1292/22,202 (5.8%) Reference Reference

Men with prostate cancer and ADT 22/600 (3.7%) 0.62 (0.39–0.92) 0.70 (0.45–1.09)

Men with prostate cancer without ADT 102/1,809 (5.6%) 0.97 (0.78–1.18) 1.00 (0.80–1.24)

Right colon

Men without prostate cancer 433/10,346 (4.2%) Reference Reference

Men with prostate cancer and ADT 13/320 (4.1%) 0.97 (0.55–1.70) 0.99 (0.55–1.79)

Men with prostate cancer without ADT 29/895 (3.2%) 0.77 (0.52–1.12) 0.73 (0.48–1.09)

Left colon

Men without prostate cancer 480/8,175 (5.9%) Reference Reference

Men with prostate cancer and ADT 6/217 (2.8%) 0.46 (0.20–1.03) 0.52 (0.23–1.19)

Men with prostate cancer without ADT 37/602 (6.1%) 1.05 (0.74–1.48) 1.05 (0.73–1.51)

Rectum

Men without prostate cancer 379/3,681 (10.3%) Reference Reference

Men with prostate cancer and ADT 3/63 (4.8%) 0.44 (0.14–1.40) 0.44 (0.14–1.43)

Men with prostate cancer without ADT 36/312 (11.5%) 1.14 (0.79–1.63) 1.20 (0.83–1.73)

Note: Mixed-effects logistic regression was used to derive odds ratios (ORs) with 95% confidence intervals (CIs).
Abbreviation: ADT, androgen deprivation therapy.
aWith adjustment for age at diagnosis, Charlson comorbidity index, body mass index, educational attainment, and year of diagnosis.
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antagonist on experimental cutaneous wounds in mice promoted 
wound healing through accelerated keratinocyte migration; the 
opposite effect was demonstrated using testosterone, where such 

migration in part was mediated through attenuation of transforming 
growth factor-β and β-catenin signalling [25]. Whether such mecha-
nisms are important in the human intestine is a matter of speculation 
but could provide avenues for further research. In a previous study 
from our group, we were able to demonstrate that women with ex-
posure to oestrogen-increasing drugs had a lower rate of colorectal 
anastomotic leakage compared with female controls, again suggest-
ing that hormonal influences might explain some of the differences 
seen between men and women [8].

Strengths of the nationwide registry-based study include the 
population-based design, mitigating selection bias. Missing data 
were rare and important confounders such as socioeconomic 
status, BMI and comorbidity were available. There are several 
weaknesses in the present study. There is likely to be some mis-
classification of both exposure and outcome. While the definition 
of exposure assumes that withdrawals equal drug intake it is not 
possible to know this for certain. This might be alleviated by ex-
cluding those with only one prescription withdrawal, as such a re-
quirement would increase the chance of patients truly taking the 
drug. The restriction to patients undergoing curative colorectal 
cancer resection with anastomosis also increases the probability 
of stable disease in those with a history of prostate disease, since 
this may not have been the treatment of choice in a palliative set-
ting. While the validity in general is high in the National Patient 
Registry [14], the actual misclassification for surgical castration, 
prostatectomy and prostate irradiation is not known. On the other 

TA B L E  3 Sensitivity analyses for the main analysis of exposure 
to androgen deprivation therapy in relation to anastomotic leakage 
after colorectal cancer resection.

ADT group: sensitivity analyses Adjusteda OR (95% CI)

Prostatectomy/prostate irradiation as additional confounders

Men without prostate cancer Reference

Men with prostate cancer and ADT 0.66 (0.41–1.05)

Men with prostate cancer without ADT 0.97 (0.73–1.28)

Stringent definition of ADT exposure

Men without prostate cancer Reference

Men with prostate cancer and ADT 0.72 (0.46–1.13)

Men with prostate cancer without ADT 1.01 (0.82–1.26)

ASA fitness grade as additional confounder

Men without prostate cancer Reference

Men with prostate cancer and ADT 0.71 (0.46–1.11)

Men with prostate cancer without ADT 0.99 (0.79–1.23)

Abbreviations: ADT, androgen deprivation therapy; ASA, American 
Society of Anesthesiologists.
aWith base adjustment for age at diagnosis, Charlson comorbidity index, 
body mass index, educational attainment, year of diagnosis, and tumour 
location.

F I G U R E  4 Representative examples showing the very low level of androgen receptor expression in the epithelium (A, B) and the 
muscularis propria (C, D) tissue layers of matched controls (A, C) and cases (B, D). No obvious difference in levels of expression can be 
observed.
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hand, the known underreporting of leakage in the SCRCR might 
be a reason for the wide confidence intervals, as this nondifferen-
tial misclassification probably leads to attenuation of associations; 
this might be the chief reason why the adjusted estimates were 
not statistically significant. Moreover, despite careful inclusion of 
covariates based on a causal diagram there is a risk of residual con-
founding, as in all observational studies. Arguably the main lim-
itation of the present study consists of the small number of those 
exposed to ADT, leading to few events of anastomotic leakage de-
spite the nationwide study and large sample size overall.

In the experimental substudy, where androgen receptor expres-
sion in intestinal tissue was analysed, the overall expression was very 
low for both patients experiencing a leak (cases) and those without 
a leak (controls). A nonsignificant difference was observed between 
the cases and controls regarding the number of patients having 
some level of androgen receptor expression, with this number being 
higher in the control group. Although the implemented binary scor-
ing was useful considering the low level of expression observed, it 
did lead to a low threshold for what was considered an androgen 
receptor-expressing tissue sample. Findings using this scoring sys-
tem might therefore lack clinical relevance, as they might exaggerate 
differences between patients that in fact were quite small. The find-
ings in the substudy suggest that the trend of lower leak rates asso-
ciated with decreased levels of androgen in patients exposed to ADT 
observed in the nationwide registry study is probably not directly 
related to androgen receptor expression in colonic tissue and could 
be mediated through effects beyond classical signalling through an-
drogen receptor in the intestinal wall. Further research is required 
before any such conclusions can be drawn. It is important to note 
that rectal resections were not included in the substudy.

In conclusion, the nationwide registry-based study has indicated 
that men with prostate cancer exposed to ADT might have a decreased 
risk of anastomotic leakage after colorectal cancer surgery. The find-
ing must be considered tentative, as confidence intervals were wide, 
and residual confounding is certainly possible. The mechanism of the 
effect of androgen in intestinal tissue remains elusive as the expres-
sion of colonic androgen receptors was very low and showed no signif-
icant association with anastomotic leakage. Nevertheless, the present 
results are consistent with earlier experimental data on wound healing 
and other studies on sex-related differences. Further research is war-
ranted, as colorectal anastomotic leakage is a major clinical problem 
and the role of androgen modulation could be important.

AUTHOR CONTRIBUTIONS
Martin Rutegård: Conceptualization; investigation; funding ac-
quisition; writing – original draft; methodology; validation; writ-
ing – review and editing; project administration. Isac Norrgård: 
Investigation; writing – original draft; writing – review and editing; 
methodology; visualization; formal analysis; data curation. John 
Moshtaghi-Svensson: Investigation; writing – review and editing; 
visualization; methodology; software; formal analysis; data curation. 
Jaana Hagström: Funding acquisition; writing – review and editing; 
investigation; validation; methodology; visualization; supervision. 

Ida Hed Myrberg: Writing – review and editing; resources; super-
vision; validation; methodology. Anna Lantz: Writing – review and 
editing; conceptualization; investigation. Suvi Rasilainen: Funding 
acquisition; writing – review and editing; supervision; validation; 
methodology. Caroline Nordenvall: Conceptualization; investiga-
tion; writing – review and editing; funding acquisition; resources; 
project administration. Malin Sund: Conceptualization; investiga-
tion; writing – review and editing; methodology; validation; supervi-
sion; project administration.

ACKNOWLEDG EMENTS
This project was made possible by the continuous work of the steer-
ing groups of the SCRCR and CRCBaSe, as well as the co-workers 
at Regional Cancer Centre North. The authors would like to ac-
knowledge the valuable work and comments by Professor Emeritus 
Caj Haglund and Dr Antti J. Kivelä, MD, PhD. Harri Mustonen is 
acknowledged for his contribution to the statistical analysis in the 
substudy, while Pia Saarinen is acknowledged for her technical as-
sistance in the laboratory.

FUNDING INFORMATION
Swedish Society of Medicine, the Stockholm Cancer Society, 
Swedish Cancer and Allergy Foundation, Region Västerbotten, 
Umeå University, Finska Läkaresällskapet and Medicinska 
Understödsföreningen Liv & Hälsa.

CONFLIC T OF INTERE S T S TATEMENT
None declared.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
Colorectal Cancer DataBase Sweden. Restrictions apply to the 
availability of these data, which were used under license for this 
study. Data are available from the author(s) with the permission of 
Colorectal Cancer DataBase Sweden.

E THIC S APPROVAL S TATEMENT
The study was approved by the Regional Board of the Ethical 
Committee in Stockholm, Sweden (DNR: 2014/71-31, 2018/328-32, 
2021-00342, 2023-03305-02) and Helsinki, Finland (1223/2021).

PERMISSION TO REPRODUCE MATERIAL FROM 
OTHER SOURCE S
No material from other sources was included in this article.

R E FE R E N C E S
	 1.	 McDermott FD, Heeney A, Kelly ME, Steele RJ, Carlson GL, Winter 

DC. Systematic review of preoperative, intraoperative and post-
operative risk factors for colorectal anastomotic leaks. Br J Surg. 
2015;102(5):462–79.

	 2.	 Bostrom P, Haapamaki MM, Rutegard J, Matthiessen P, Rutegard 
M. Population-based cohort study of the impact on postoperative 
mortality of anastomotic leakage after anterior resection for rectal 
cancer. BJS Open. 2019;3(1):106–11.

 14631318, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/codi.70126 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [01/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10 of 10  |     RUTEGÅRD et al.

	 3.	 Pommergaard HC, Gessler B, Burcharth J, Angenete E, Haglind 
E, Rosenberg J. Preoperative risk factors for anastomotic leakage 
after resection for colorectal cancer: a systematic review and meta-
analysis. Colorectal Dis. 2014;16(9):662–71.

	 4.	 Yu ZL, Liu XH, Liu HS, Ke J, Zou YF, Cao WT, et al. Impact of pelvic 
dimensions on anastomotic leak after anterior resection for pa-
tients with rectal cancer. Surg Endosc. 2021;35(5):2134–43.

	 5.	 Verduin WM, Warps AK, van den Helder R, Doodeman HJ, Houdijk 
APJ, Fat IN, et al. Visceral fat and anastomotic leakage after colon 
cancer resection. Dis Colon Rectum. 2021;64(2):163–70.

	 6.	 Gilliver SC, Ruckshanthi JP, Hardman MJ, Nakayama T, Ashcroft 
GS. Sex dimorphism in wound healing: the roles of sex steroids 
and macrophage migration inhibitory factor. Endocrinology. 
2008;149(11):5747–57.

	 7.	 Kjaer M, Kristjansdottir H, Andersen L, Heegaard AM, Agren MS, 
Jorgensen LN. The effect of gender on early colonic anastomotic 
wound healing. Int J Colorectal Dis. 2018;33(9):1269–76.

	 8.	 Rutegard M, Moshtaghi-Svensson J, Weibull CE, Ottander U, 
Nordenvall C, Sund M. Exposure to oestrogen and risk of anasto-
motic leakage after colorectal cancer surgery—a clue to the differ-
ent leak rates in men and women. Colorectal Dis. 2023;25(1):9–15.

	 9.	 Lakkis Z, Vernerey D, Mege D, Faucheron JL, Panis Y, Tuech JJ, et al. 
Morbidity and oncological outcomes of rectal cancer impaired by 
previous prostate malignancy. Br J Surg. 2019;106(8):1087–98.

	10.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, 
Vandenbroucke JP, et al. Strengthening the reporting of observa-
tional studies in epidemiology (STROBE) statement: guidelines for 
reporting observational studies. BMJ. 2007;335(7624):806–8.

	11.	 Weibull CE, Boman SE, Glimelius B, Syk I, Matthiessen P, Smedby 
KE, et al. CRCBaSe: a Swedish register-based resource for colorec-
tal adenocarcinoma research. Acta Oncol. 2023;62(4):342–9.

	12.	 Moberger P, Skoldberg F, Birgisson H. Evaluation of the Swedish 
colorectal cancer registry: an overview of completeness, timeli-
ness, comparability and validity. Acta Oncol. 2018;57(12):1611–21.

	13.	 Wettermark B, Hammar N, Fored CM, Leimanis A, Otterblad 
Olausson P, Bergman U, et al. The new Swedish Prescribed Drug 
Register—opportunities for pharmacoepidemiological research and 
experience from the first six months. Pharmacoepidemiol Drug Saf. 
2007;16(7):726–35.

	14.	 Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, 
Reuterwall C, et al. External review and validation of the Swedish 
National Inpatient Register. BMC Public Health. 2011;11:450.

	15.	 Ludvigsson JF, Svedberg P, Olen O, Bruze G, Neovius M. The lon-
gitudinal integrated database for health insurance and labour mar-
ket studies (LISA) and its use in medical research. Eur J Epidemiol. 
2019;34(4):423–37.

	16.	 Ludvigsson JF, Almqvist C, Bonamy AK, Ljung R, Michaelsson K, 
Neovius M, et  al. Registers of the Swedish total population and 
their use in medical research. Eur J Epidemiol. 2016;31(2):125–36.

	17.	 Rahbari NN, Weitz J, Hohenberger W, Heald RJ, Moran B, Ulrich 
A, et  al. Definition and grading of anastomotic leakage following 

anterior resection of the rectum: a proposal by the International 
Study Group of Rectal Cancer. Surgery. 2010;147(3):339–51.

	18.	 Rutegård M, Kverneng Hultberg D, Angenete E, Lydrup M-L. 
Substantial underreporting of anastomotic leakage after ante-
rior resection for rectal cancer in the Swedish Colorectal Cancer 
Registry. Acta Oncol. 2017;56(12):1741–5.

	19.	 Textor J, van der Zander B, Gilthorpe MS, Liskiewicz M, Ellison GT. 
Robust causal inference using directed acyclic graphs: the R pack-
age ‘dagitty’. Int J Epidemiol. 2016;45(6):1887–94.

	20.	 Ludvigsson JF, Appelros P, Askling J, Byberg L, Carrero JJ, Ekström 
AM, et  al. Adaptation of the Charlson comorbidity index for 
register-based research in Sweden. Clin Epidemiol. 2021;13:21–41.

	21.	 Koskenvuo L, Lehtonen T, Koskensalo S, Rasilainen S, Klintrup K, 
Ehrlich A, et al. Mechanical and oral antibiotic bowel preparation 
versus no bowel preparation for elective colectomy (MOBILE): 
a multicentre, randomised, parallel, single-blinded trial. Lancet. 
2019;394(10201):840–8.

	22.	 Rasilainen S, Tiainen T, Pakarinen M, Bumblyte V, Scheinin T, 
Schramko A. ERAS failure and major complications in elective colon 
surgery: common risk factors. Surg Pract Sci. 2022;10:100080.

	23.	 Ng SC, McCombie A, Frizelle F, Eglinton T. Influence of the type 
of anatomic resection on anastomotic leak after surgery for colon 
cancer. ANZ J Surg. 2024;94(3):424–8.

	24.	 Wang XJ, Zhuo J, Luo GH, Zhu YP, Yu DJ, Zhao RZ, et al. Androgen 
deprivation accelerates the prostatic urethra wound healing 
after thulium laser resection of the prostate by promoting re-
epithelialization and regulating the macrophage polarization. 
Prostate. 2017;77(7):708–17.

	25.	 Toraldo G, Bhasin S, Bakhit M, Guo W, Serra C, Safer JD, et  al. 
Topical androgen antagonism promotes cutaneous wound healing 
without systemic androgen deprivation by blocking beta-catenin 
nuclear translocation and cross-talk with TGF-beta signaling in ke-
ratinocytes. Wound Repair Regen. 2012;20(1):61–73.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Rutegård M, Norrgård I, Moshtaghi-
Svensson J, Hagström J, Myrberg IH, Lantz A, et al. Exposure 
to androgen deprivation therapy and risk of anastomotic 
leakage after colorectal cancer surgery. Colorectal Dis. 
2025;27:e70126. https://doi.org/10.1111/codi.70126

 14631318, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/codi.70126 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [01/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/codi.70126

	Exposure to androgen deprivation therapy and risk of anastomotic leakage after colorectal cancer surgery
	Abstract
	INTRODUCTION
	METHOD
	Checklist for the reporting of observational studies
	Data source
	Study design
	Study exposure and outcome
	Exposure
	Outcome
	Tumour location

	Statistical analyses
	Analysis of androgen receptor expression in intestinal tissue: A substudy
	Immunohistochemical staining
	Scoring of immunohistochemical staining
	Statistical analysis of tissue staining


	RESULTS
	Study participants
	Anastomotic leakage by ADT exposure
	Participants in the analysis of androgen receptor expression
	Androgen receptor expression

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS APPROVAL STATEMENT
	PERMISSION TO REPRODUCE MATERIAL FROM OTHER SOURCES
	REFERENCES


