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ABSTRACT

Objectives: A nationwide population-based register study will evaluate the risk of postoperative
inguinal hernia repair after primary curative-intent treatment of prostate carcinoma (PCa).
Background: Several previous studies have suggested an increased risk of inguinal hernia repair after
prostatectomy. Only a few studies have compared the risk by PCa treatment modalities.

Methods: Data were collected between the years 1998 and 2016 from the national hospital discharge
database HILMO and between the years 1998 and 2015 from the Finnish cancer registry to identify all
men with prostate cancer with data on primary treatment available and information on inguinal hernia
diagnoses and procedures among them. The risk of inguinal hernia repair among men managed with
prostatectomy was compared to those treated with radiation therapy. Participants treated with prosta-
tectomy were analyzed as a whole and separately stratified into subgroups managed with mini-inva-
sive or open surgery. Multivariate Cox regression with adjustment for age and comorbidities was used
for analysis.

Results: A total of 7207 cases of PCa were included in the study. 4595 men were treated with radical
prostatectomy and 2612 with radiation therapy. Overall, the risk of hernia repair was higher among
men treated with prostatectomy compared to men who received radiation therapy as the primary PCa
treatment (HR 1.42, 95% Cl 1.14-1.77). The risk did not differ markedly by the prostatectomy method.
Conclusion: Prostate cancer treatment with prostatectomy is associated with an increased risk of
inguinal hernia surgery than external beam radiation therapy treatment. This risk should be taken into
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account when planning PCa treatment.

Background

Prostate carcinoma (PCa) is the most common cancer among
men [1]. Radical prostatectomy and external beam radiation
therapy (EBRT) are the most common curative treatment
options in localized PCa. Several previous studies have
reported a high risk of developing inguinal hernia after pros-
tatectomy [2-5]. The method of prostatectomy may matter.
The risk appears to be connected to open prostatectomy,
probably due to damage to anatomical structures supporting
the inguinal region during surgery [6-10]. In minimally inva-
sive surgery, the surgeon has a better view of the operation
area in an open procedure, thus potentially better can pre-
serve supporting structures of the inguinal region [11].
Standard prostatectomy involves cutting vas deferens,
and it has been proposed that sequentially retracting vas
may pull the peritoneum towards the inguinal canal and
facilitate hernia formation [12]. Techniques like spermatic
cord isolation have been proposed to avoid this. However,
separation of the peritoneum from elements of the spermatic

cord is not currently standard procedure in any prostatec-
tomy technique.

In contrast, inguinal structures are not damaged in EBRT,
which presumably would lead to a lower risk of inguinal her-
nias after treatment. So far, two studies comparing hernia
incidence after prostatectomy and radiation therapy have
been published [13,14]. These extensive population-based
studies reported a two-fold risk increase for inguinal hernia
after radical prostatectomy compared to those treated with

EBRT. The finding was confirmed in a meta-analysis [15].

Inguinal hernia is a clinically significant condition as it
causes pain and discomfort. Inguinal hernias also have a
slight possibility of intestinal strangulation, especially in the
elderly age group. Treatment of symptomatic inguinal hernia
is a repair with mesh to reinforce the inguinal canal. The
operation may have serious adverse effects as up to 20% of
inguinal hernia patients develop chronic pain post-opera-
tively, which severely impairs quality of life in 1-2% of
cases [16].
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To evaluate the incidence of inguinal hernia repair after
prostate cancer treatment, we performed a nationwide popu-
lation-based registry study comparing the risk of surgical her-
nia repair after open and laparoscopic prostatectomy or
EBRT for prostate cancer. We hypothesize that surgically
managed PCa patients have a higher risk of undergoing her-
nia repair than EBRT-treated patients. Further, we hypothe-
size that mini-invasive laparoscopic surgery is associated with
a lower risk of subsequent hernia repair than
open procedures.

Material and methods
Study cohort

The study cohort was formed by linking information from
two national registries; the national hospital discharge regis-
try HILMO and Finnish Cancer Registry (FCR). The administra-
tor, the National Research and Development Centre for
Welfare and Health, permitted the registries.

HILMO database contains registered information on diag-
noses (as ICD-10 codes) and medical procedures (coded
according to Nordic Classification of Surgical Procedures)
along with dates of treatment from all in- and outpatient
hospital visits. Reporting is mandatory for all Finnish health
care units, both private and public. HILMO information is
used for planning and management of the Finnish healthcare
system by the national authority. For the present study, all
inguinal hernia repairs among men during the years
1998-2016 in Finland were identified from HILMO. The infor-
mation started in 1998 when the ICD-10 coding system was
adopted. At the time of data collection, 2016 was the last
year with complete data available. Information in HILMO and
cancer registry is completed annually, so available informa-
tion lags one to two years behind the date when data is
obtained. The procedures were identified using Nordic
Classification of Surgical Procedures (NOMESCO) codes for
the search (Supplementary Table 1). Additionally, further
inguinal hernia cases were identified based on ICD-10 codes
K40 and K41. A total of 193,378 men with a record of
inguinal hernia operation were collected from the HILMO
database. Additionally, we obtained information on comorbid
conditions atrial fibrillation (148), chronic obstructive pulmon-
ary disease (J44), asthma (J45), kidney insufficiency (N18),
diabetes (E10-E14), sleep apnea (G47.3), heart condition (120-
121, 125, 134-137, 142.0, 142.9, 150), stroke acute or post (163
and 169), deteriorating brain disease (FO0-F03, G30, G20), liver
disease (K70-K76) and other cancers besides prostate cancer
(Supplementary Table 2). These conditions were chosen as
they are involved in the Charlson comorbidity index com-
monly used as a measure of comorbidity, thus affecting sub-
jects’ ability to tolerate surgical or oncological
treatment [17].

Finnish Cancer Registry was used to obtain information
on 11,699 prostate cancer cases diagnosed in Finland during
1998-2015. FCR covers information on 99% of cancer diag-
noses made in Finland [18]. The data also included informa-
tion on the date of diagnosis, tumor extent at diagnosis,
primary treatment, and date of death. Information on
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Figure 1. Flowchart of the study. The study population is 7207 Finnish men
diagnosed with prostate cancer during 1998-2016.

prostate cancer management was supplemented by search-
ing the HILMO database for codes indicating external beam
radiation therapy (KE002, KEO09, WF002, WF099), open pros-
tatectomy (KEC00), or laparoscopic prostatectomy (KECO1).
Additional procedure code ZXC96 indicated robot-
assisted surgery.

The information from the registries was linked based on a
unique personal social security number that is given to all
Finnish residents. After combining data from both registries
and limiting to men with sufficient data to calculate follow-
up time after diagnosis, we had 4595 men with prostate can-
cer primarily managed with prostatectomy and 2612 with
external beam radiation therapy (Figure 1).

Using HILMO data, we could determine if hernia repair
was done before or after prostate carcinoma treatment. The
total size of the prostatectomy group was 4595 men; of
these, 2268 men had information available on prostatec-
tomy techniques.

Data analysis

Distribution differences in baseline characteristics were com-
pared by primary PCa treatment method using the chi-
square test (categorized variables) or Mann-Whitney U test
(continuous variables).

We used Cox regression to calculate hazard ratios (HRs),
95% Cls, and Kaplan—-Meier curves for the overall risk of her-
nia surgery after PCa treatment with months since PCa diag-
nosis as the time metric. Endpoints for follow-up were the
date of first hernia surgery, death, or 31 December 2015,
whichever came first. The Cox regression model was adjusted
for age and all above-listed comorbidities. Each comorbid
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Table 1. Population characteristics.
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Primary prostate cancer treatment method

Surgery N (%) Radiation therapy N (%)

Patients
Age at diagnosis; median (IQR)
Prostatectomy technique available
Open
Mini-invasive (conventional laparoscopic or robot-assisted)
Robot-assisted only
Hernia repairs
Open
Laparoscopic
Comorbidities
Atrial fibrillation
Asthma
COPD
Kidney disease
Diabetes
Sleep apnea
Heart disease
Stroke
Deteriorating brain disease
Liver insufficiency
Other cancer than prostate
Cancer extent
localized
locally advanced
metastatic
unknown / missing

4595 2612
65 (60-70) 70 (65-75)
2268
1796 (79.1) -
467 (20.6) -
405 (17.9) -
1172 (25.5) 103 (3.9)
1121 (95.6) 94 (91.3)
73 (6.9) 11 (10.7)
83 (1.8) 37 (1.4)
48 (1.0) 12 (0.5)
19 (0.4) 8(0.3)
6 (0.1) 3 (0.1)
87 (1.9) 22 (0.8)
20 (0.4) 3 (0.1)
97 (2.1) 59 (2.3)
14 (0.3) 10 (0.4)
18 (0.4) 8 (0.1)
3(0.1) 1(0)
30 (0.7) 9(0.3)
2984 (64.9) 1484 (56.8)
281 (6.1) 110 (4.2)
524 (11.4) 334 (12.8)
806 (17.5) 685 (26.2)

The study population is 7207 Finnish men diagnosed with prostate cancer during 1998-2016.

condition was classified as a dichotomous variable
(ever/never).

Participants with EBRT as the primary PCa treatment were
used as the reference group in all analyses. Participants
treated with prostatectomy were analyzed together in the
primary analysis regardless of the surgical technique.
Subgroup analyses were stratified by the surgery method:
open or minimally invasive. The latter group was further
stratified into robot-assisted laparoscopic prostatectomy and
conventional laparoscopic prostatectomy subgroups.

In sensitivity analyses, two methods analyzed the effect of
the previous hernia; first, we limited the study population to
men with no previous inguinal hernia operation before PCa
diagnosis. Additionally, another analysis further adjusted the
Cox regression model for previous hernia repair.

Statistical Package for Social Science for Windows, version
26.0 (SPSS), was used for all statistical analyses. p-Value <

0.05 was set for statistical significance.

Results
Population characteristics

Compared to men treated with EBRT, men in the prostatec-
tomy group were younger; the median age at diagnosis was
65 (IQR 60-70) vs. 70 (IQR 65-75) in the prostatectomy group
and EBRT group, respectively (Table 1). After treatment,
25.5% of men treated with prostatectomy and 3.9% of men
treated with EBRT underwent hernia repair. We had exact
surgical technique information for 2268 subjects; 1796 men
underwent open and 467 minimally invasive procedures.
Those treated with robot-assisted prostatectomy, a total of
405, were included in the latter subgroup. Other 2327 were

considered as having undergone prostatectomy of a non-
specified technique.

Comorbidities were rare regardless of the primary PCa
treatment method. Prevalence distribution of comorbidities
was similar in both groups, except for diabetes which was
slightly more common in the prostatectomy group vs. EBRT
group (1.9% vs. 0.8%, respectively) (Table 1). In the prostatec-
tomy group, the extent of PCa was more often local or
locally advanced than in the EBRT group (Table 1). However,
the proportion of men with unknown or missing information
on tumor extent was higher in the EBRT group. The propor-
tion of metastatic cancer was similar in both groups.

In the prostatectomy group, 1172 (25.5%) men underwent
subsequent hernia repair. The majority (95.6%) were done
using the open method. Only 73 (6.9%) procedures were lap-
aroscopic. In the ERBT group, 103 (3.9%) men had a hernia
repair. The repair type distribution was similar to the other
group; 94 (91.3%) were open, and 11 (10.7%) were laparo-
scopic repairs. A few subjects in both groups have had both
open and laparoscopic repair due to recurrent hernias.

Risk of inguinal hernia repair by prostate cancer
treatment method

In general, the risk of inguinal hernia repair after any form of
prostatectomy was higher compared to the EBRT group even
after adjustment for comorbidities (multivariable-adjusted HR
1.42, 95% CI 1.14-1.77) (Table 2; Figure 2).

When stratifying the analysis by prostatectomy techni-
ques, the risk association was similar regardless of the surgi-
cal technique.
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The risk of a femoral hernia could not be evaluated separ-
ately as the study population included only ten men with
femoral hernia repair after PCa treatment.

Sensitivity analyses

When the analysis was limited to 1216 men (1077 and 139
men treated with surgery and ERBT, respectively) with no
record of inguinal hernia repair before PCa diagnosis, the risk
increase in the prostatectomy group was reversed; HR 0.62Cl
95% 0.50-0.78 compared to the EBRT group (Table 3). That
is, prostatectomy was associated with a lower risk of hernia
repair than EBRT.

1656 men had a history of inguinal hernia before Pca
diagnosis. 1120 and 536 men were treated with surgery and

Table 2. Risk of undergoing inguinal hernia repair after prostate cancer treat-
ment, by primary treatment type.

HR (95% Cl)agefadjusted HR (95% CI)multivar.—adjusted

Radiation therapy Ref. Ref.
Prostatectomy overall 1.42 (1.14-1.77) 1.42 (1.14-1.77)
Open prostatectomy 1.37 (1.10-1.71) 1.38 (1.10-1.72)
Minimal invasive 1.45 (1.13-1.85 1.45 (1.13-1.86)
prostatectomy
Robot-assisted
prostatectomy

Primary treatment type

1.42 (1.12-1.85) 1.44 (1.12-1.85)

HR: Hazard ratio; Cl: confidence interval.

The study population is 7207 Finnish men diagnosed with localized prostate
cancer during 1998-2016. Hazard ratios were adjusted in a multivariate model
for age and comorbidities (atrial fibrillation, asthma, COPD, kidney disease,
sleep apnea, heart disease, stroke, deteriorating brain disease, liver insuffi-
ciency, and other cancer than prostate cancer).
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EBRT, respectively. Notably, all 297 men in this subgroup
who had an inguinal hernia repair after PCa treatment were
primarily treated with surgery.

When the primary analysis was further adjusted for the pre-
vious hernia, the risk increase was mitigated HR 1.10CL 95%
(0.88-1.38), confirming that the history of hernia repairs was a
significant predictive factor for further hernia operations
(Table 3).

Discussion

Our study on register-based real-life data confirms that men
with localized PCa treated with prostatectomy have an ele-
vated risk of subsequent surgical inguinal hernia repair com-
pared to those treated with EBRT. The risk association does

Table 3. Effect of previous inguinal hernia operation on the risk of under-
going inguinal hernia repair after prostatectomy.

Primary treatment type HR (95% Cl)muttivar-adjusted

Radiation therapy Ref.
Prostatectomy overall 0.62 (0.50-0.78)
previous hernia
excluded
Prostatectomy overall
with adjustment
for the previous hernia

1.10 (0.88-1.38)

HR: Hazard ratio; Cl: confidence interval.

The study population is 7207 Finnish men diagnosed with localized prostate
cancer during 1998-2016. Hazard ratios were adjusted in a multivariate model
for age and comorbidities (atrial fibrillation, asthma, COPD, kidney disease,
sleep apnea, heart disease, stroke, deteriorating brain disease, liver insuffi-
ciency, and other cancer than prostate cancer).

‘ External beam radiation therapy ‘

77777 1 e
06 Prostatectomy

00
0 1 2 3 4 5
Follow-up in years
Year / 0 1 3 4 5
Number at
risk
Prostatectomy 2,096 1,762 1,509 1,329 1,176 1,021

EBRT 453 342 263 199 157 123

Figure 2. Survival curves for inguinal hernia repair-free time after prostate cancer primary treatment by the method. It is calculated with Cox regression adjusted

for age.



not seem to depend on the surgical technique. However, an
increased risk was limited to men with inguinal hernia repair
before PCa diagnosis in the sensitivity analysis. This increased
risk suggests that PCa surgery may predispose men with pre-
viously weakened inguinal canal structures to new hernias
but may not adversely affect those with no previous evi-
dence of an inguinal hernia.

Several previous studies have shown a similar risk increase
among men undergoing radical prostatectomy. All studies
have been large population-based series. A Swedish study
compared inguinal hernia risk between subjects after radical
prostatectomy and controls and subjects who received EBRT.
They had a large population of over 9000 EBRT subjects and
over 19,000 prostatectomy subjects. The risk of inguinal her-
nia was over 1,5-fold when comparing the prostatectomy
group to EBRT [13]. The Canadian study group has published
two studies. The first compares inguinal hernia risk among
different urological procedures, and the second compares
radical prostatectomy and EBRT. The highest risk was associ-
ated with radical prostatectomy in both studies, nearly two-
fold compared to EBRT [14]. A recent meta-analysis came to
a similar conclusion. The highest risk was associated to open
prostatectomy followed by mini-invasive techniques [19].

Several studies have contemplated how prostatectomy
may cause inguinal hernia [20]. Open proceccus vaginalis
during the operation is suggested as one reason [21]. It is
known that patent processus vaginalis predisposes to
inguinal hernias, so men with that may be especially prone
to developing an inguinal hernia after prostatectomy.
Concordantly, in subgroup analyses, the risk increase was
observed only in men with previous hernia diagnoses, under-
lining the role of predisposing anatomical factors in the risk
association.

Future studies on prophylactic mesh placement during
prostatectomy should probably focus on men with previous
hernias or open processus vaginalis detected during surgery.
Modifications to the surgical technique in robot-assisted rad-
ical prostatectomy, such as Retzius-space sparing approach,
have been associated with decreased risk of inguinal hernia
afterward [22]. Our study does not support the role of surgi-
cal technique in the risk associated as the risk increase was
similar regardless of the surgical method. However, the
Retzius-space preservation approach was not widely used in
Finland during the study period. Thus, the effect of such
technique modifications on the risk of hernia repair needs
further studies.

Two possible modifications to the minimally invasive pros-
tatectomy technique to lower the risk of inguinal hernia after
surgery have been proposed. They are the spermatic cord
isolation method and the processus vaginalis transection
method. The first one is the method where the peritoneum
is dissected bluntly free from elements of the spermatic cord
at the level of the internal inguinal canal. The second
method includes similar steps added with transection and
ligation of processus vaginalis just distal to the peritoneum.
These techniques are intriguing as they may prevent the
retraction of transected vas deferens from pulling the peri-
toneum towards the inguinal canal. They have been
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suggested to lower the risk of post-surgical inguinal hernia
after prostatectomy. Still, the evidence, even from random-
ized studies, has not changed the standard prostatectomy
technique [19].

Spermatic cord isolation and processus vaginalis transec-
tion are standard techniques in minimally invasive hernia
repair. Standard hernia repair includes placing mesh to
reinforce the weakened inguinal canal region. To our know-
ledge, using mesh as a prophylactic method during prosta-
tectomy has not been studied. After prostatectomy, the
mesh may be exposed to contaminated urine, thus to pos-
sible infection. However, multiple studies have evaluated
simultaneous inguinal hernia repair and robot-assisted lap-
aroscopic radical prostatectomy. In these publications, mesh
placement has not increased morbidity or complications of
prostatectomy [23,24]. In line with that, prophylactic mesh
placement has been under active study focusing on prevent-
ing parastomal hernia, and results suggest this to be a safe
approach despite high contamination risk [25,26].

Our study has several important strengths: it reflects the
daily practice based on real-life register data. We adjusted
the analysis for comorbidities and tumor extent, which may
differ between men treated with prostatectomy and EBRT.
The completeness and accuracy of data in the national regis-
tries used for this study are well-established [18]. We were
able to consider the timing of hernia surgery to PCa man-
agement and previous hernia repairs. The latter is essential
to notify as hernia recurrence is common.

We did not have information on smoking habits or BMI.
Smoking is a known risk factor in wound healing and thus
may promote hernia formation in an incisional hernia.
Smoking has not been found to increase the risk for inguinal
hernia after prostatectomy [27]. High BMI causes increased
intra-abdominal pressure, which also may predispose to her-
nias. On the other hand, also low BMI has been associated
with an increased risk of inguinal hernia [27-30]. This study’s
lack of information on BMI and smoking may have been con-
founding factors, but their role is unclear. We did not have
information on whether participants had lymphadenectomy
along with prostatectomy. Such information would possibly
have allowed the identification of subgroups with a particu-
larly elevated risk of inguinal hernia. Further studies are
needed to explore this question.

Further, we cannot rule out selection bias despite the
similar distribution of comorbidities between the prostatec-
tomy and EBRT groups; men whose PCa is managed surgi-
cally may be more eligible to undergo further surgical
operations. Mortality during the follow-up was lower in the
prostatectomy group (159/1000) than in the EBRT group
(244/1000), which may be an expression of the same thing.
In general, the male population has a 0.4-0.7% approximated
annual incidence of inguinal hernia, which has to be consid-
ered interpreting the results. Even though we had informa-
tion for a long period, some subjects may have had an
inguinal hernia repair before 1998, which may have intro-
duced a bias towards the null. Further, there has been a pro-
found change in prostatectomy technique from open to
minimally invasive during our study timeline. Thus follow-up
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periods after minimally invasive surgery are generally shorter
than for open procedures.

Conclusions

The risk of subsequent surgical repair of inguinal hernia after
primary PCa treatment is 40% higher in men managed with
prostatectomy compared to men managed with radiother-
apy. It should be noted when planning prostate cancer treat-
ment. The risk increase is limited to men with an inguinal
hernia diagnosis before prostate cancer diagnosis. Possible
future studies on spermatic cord isolation and prophylactic
mesh placement during surgery should be focused on
this group.
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