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ABSTRACT
Aim: Gonadotropin-releasing hormone (GnRH) agonists are used to treat men with prostate cancer
(PCa). To date, no study has fully assessed patterns of adherence to GnRH agonists. We investigated
patterns of adherence to GnRH agonists using data from Prostate Cancer data Base Sweden (PCBaSe).
Methods: PCBaSe links the National Prostate Cancer Register (NPCR) Sweden to other healthcare regis-
ters and demographic databases. Men on primary or secondary GnRH agonists between 2006–2013
entered the study 45days after GnRH agonists’ initiation (run-in period) and exited at 3 years.
Medication possession ratio quantified adherents (�80%). Multivariable logistic regression models
included age, injection interval, PCa risk categories, Charlson Comorbidity Index, prior PCa treatment,
civil status and year of GnRH initiation. Odds ratios (OR) and 95% confidence intervals (CI) expressed
odds of adherence.
Results: Men on primary GnRH agonists (n¼ 8,105) were more adherent with increasing age
(75–84 years compared to �65 years OR: 1.49; 95% CI: 1.23–1.81), longer injection intervals (365 days
compared to 90days OR: 3.29; 95% CI: 2.52–4.30) and higher PCa risk categories at diagnosis (distant
metastasis compared to low risk PCa OR: 3.56; 95% CI: 2.54–5.00). Men on secondary GnRH agonists
(n¼ 4,738) were more adherent with increasing age (�85 years compared to �65 years OR: 1.65; 95%
CI: 1.23–2.22) and prior PCa treatment (anti-androgens compared to deferred treatment OR: 1.50; 95%
CI: 1.23–1.82), (radiotherapy compared to deferred treatment OR: 1.35; 95% CI: 1.11–1.64).
Conclusions: Longer injection intervals could be addressed in the clinical setting to improve adherence.

ARTICLE HISTORY
Received 27 June 2019
Revised 12 November 2019
Accepted 4 December 2019

KEYWORDS
Adherence patterns; GnRH
agonists; Medication
possession ratio; PCBaSe;
Prostate cancer

Introduction

Androgen deprivation therapy (ADT) is the standard form of
treatment for men with advanced prostate cancer (PCa).
Considering that around 50% of men diagnosed with PCa
may remain on ADT for the rest of their PCa treatment, there
is a need to understand factors related to adherence to ADT
[1]. No study has fully investigated patterns of adherence to
Gonadotropin-releasing hormone (GnRH) agonists, the most
common ADT in men with PCa. We assessed this using data
from Prostate Cancer data Base Sweden (PCBaSe) [2].

Previous studies in breast cancer have reported side-
effects to be a major cause for non-adherence to ADT. Forty-
six per cent women who underwent hormonal therapy for
breast cancer withdrew from their treatment due to
unwanted side-effects associated with the hormonal therapy
[3]. Side-effects associated with use of GnRH agonists are
related to the castrate levels of androgen and include sexual
dysfunction leading to impotence and loss of libido, fatigue,

hot flushes, decreased insulin sensitivity, low bone density
(leading to increased risk of fractures) [4–7].

Some men with PCa receive intermittent GnRH agonists
to minimise the side-effects attributed to GnRH agonists
while maintaining anti-tumour efficacy [8,9]. During an inter-
mittent regimen, active treatment periods may be separated
by periods without any form of treatment. These active treat-
ment periods by GnRH agonists may last for 6–9months or
until a prostate-specific antigen (PSA) nadir of <4 ng/mL has
been reached [10].

It is important to understand the patterns of adherence
to GnRH agonists as discussed above. Although some issues
surrounding non-adherence to GnRH agonists in men with
PCa have been explored previously [11], no studies in the lit-
erature have fully investigated patterns of adherence to
GnRH agonists for PCa. Our aim was to identify patterns
influencing adherence in men with PCa on GnRH agonists
over 3 years.

CONTACT Gincy George gincy.e.george@kcl.ac.uk King’s College London, Translational Oncology and Urology Research, 3rd Floor Bermondsey Wing,
Great Maze Pond, Guy’s Hospital, London, SE1 9RT, UK

Supplemental data for this article can be accessed here.

� 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in
any way.

SCANDINAVIAN JOURNAL OF UROLOGY
2020, VOL. 54, NO. 1, 20–26
https://doi.org/10.1080/21681805.2019.1702093

http://crossmark.crossref.org/dialog/?doi=10.1080/21681805.2019.1702093&domain=pdf&date_stamp=2020-02-11
http://orcid.org/0000-0003-0605-5507
http://orcid.org/0000-0001-7181-7083
http://orcid.org/0000-0002-7317-0858
https://doi.org/10.1080/21681805.2019.1702093
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/21681805.2019.1702093
http://www.tandfonline.com


Methods

Study population

PCBaSeTraject version 4.0 [12] links National Prostate Cancer
Register of Sweden (NPCR) to other healthcare registries and
demographic databases [12,13]. Information on tumour
stage, Gleason grading, serum level PSA and primary treat-
ment is registered in the NPCR [14]. PCBaSe links NPCR to
registries such as the Swedish Cancer Registry, the Cause of
Death Register, the Prescribed Drug Register and the
National Patient Register by use of the unique Swedish
Personal Identity Number (PIN) [2]. PCBaSe has undergone
several extensions with more cases, longer follow-up, family
history of PCa and a selection of men free of PCa at the time
of sampling (PCBaSe 2.0). PCBaSe 4.0 included men diag-
nosed with PCa between 1998 and 2016 [12].

During the study period, recommendations for PCa treat-
ment in Sweden were set by regional clinical care guidelines
based on national recommendations from the National Board
of Health and Welfare. The guidelines stated that once cas-
tration by ADT is initiated, it should not be discontin-
ued [15].

Men with PCa entered the study on date of GnRH ago-
nists’ initiation (plus 45 days) between 2006–2013 and exited
at 3 years. A ‘run-in period’ of 45 days was used to avoid
overestimating adherence because 90 days (11.25mg) injec-
tion was prescribed most commonly in PCBaSe [16,17].
Primary GnRH agonists were defined as the first form of PCa
treatment. Secondary GnRH agonists were defined as men
who received other forms of PCa treatments prior to GnRH

agonists. Adherence to GnRH agonists was quantified by
medication possession ratio (MPR) [18], with a MPR of �80%
defined as adherent and <80% as non-adherent. Study
population was selected using the inclusion and exclusion
criteria in Figure 1.

Statistical analysis

Separate multivariable logistic regression models were con-
ducted for men receiving GnRH agonists as primary and sec-
ondary treatment. The odds ratio (OR) expressed the odds of
being adherent. Adherence was defined over 3 years follow-
ing GnRH agonists’ initiation. The multivariable regression
models for primary GnRH agonists included: age, injection
interval, risk group at diagnosis, change in Charlson
Comorbidity Index (CCI) since diagnosis, year of GnRH ago-
nists’ initiation and civil status. Regression models for sec-
ondary GnRH agonists included: age, change in CCI since
diagnosis, prior PCa treatment and civil status.

Among non-adherent men (<80% MPR), we explored
whether the low MPR was due to an intermittent treatment
regimen or due to an end in the treatment regimen, in a
sensitivity analysis. End to treatment was determined to be a
gap of �9months between the last and second last prescrip-
tions [9]. Men without such an end to treatment were con-
sidered to be on an intermittent treatment regimen [9].
Once a distinction was made between intermittent GnRH
agonist users and those who quit, logistic regression models
for primary and secondary GnRH agonists above were con-
ducted using the reclassified outcomes.

30,186 PCa men star�ng treatment  

with GnRH agonists in PCBaSeTraject 4.0  

12,912 men with ≥ 3 years on 
GnRH agonists and GnRH not 
given as neo-
adjuvant/adjuvant 
radiotherapy treatment

12,843 men included in the study

10,106 men excluded due to < 3 years on GnRH agonists 

6,929 men excluded due as GnRH was used as neo-adjuvant radiotherapy treatment

239 men excluded due as GnRH was used as �me limited adjuvant radiotherapy treatment

69 men excluded as they underwent 
orchiectomy during the follow up period

8,105 men on primary GnRH 

agonists

4,738 men on secondary 
GnRH agonists

Figure 1. Consort diagram for men with PCa on GnRH agonists in PCBaSe.
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We also conducted a sensitivity analysis by redefining
adherents as MPR of �50% and non-adherents as MPR of
<50%, to account for evidence to suggest that testosterone
levels may remain suppressed for a longer period of time
after treatment with GnRH agonists than previously
thought [19].

For men who were 65 years old or younger, we conducted
a sub-group analysis to identify patterns of adherence to
GnRH agonists specific to this age-group of PCa population.

All analyses were conducted using Software for Statistics
and Data Science (STATA) version 15.

Results

8,105 men with PCa starting on primary GnRH agonists and
4,738 men with PCa starting on secondary GnRH agonists
between 2006 and 2013 were extracted from PCBaSeTraject

(Table 1). 79% on primary and 71% on secondary GnRH ago-
nists were adherent after 3 years. Mean age was similar for
primary (adherent ¼ 77, standard deviation (SD)¼7.8; non-
adherent ¼ 76, SD ¼ 8.4) and secondary (adherent ¼ 76, SD
¼ 7.8; non-adherent ¼ 75, SD ¼ 8.0) GnRH agonists.

Primary GnRH agonists

Table 2 outlines the results of a logistic regression on pri-
mary GnRH agonists. Increased adherence was observed in
the age-groups 66–74 (OR: 1.27; 95% CI: 1.04–1.54) and
75–84 (OR: 1.49; 95% CI: 1.23–1.81) compared to �65 years.
Men with PCa on the 365 days injection implant were three
times more likely to be adherent than men on 90 days injec-
tion interval (OR: 3.29; 95% CI: 2.52–4.30). Men given a dose
with 180 days interval between injections were nearly three
times more likely to be adherent than those given a dose

Table 1. Characteristics for PCa men on primary and secondary GnRH agonists after 3 years.

Patient Characteristics

3 Years

Primary GnRH agonists Secondary GnRH agonists

Adherent (%) Non-adherent (%) Adherent (%) Non-adherent (%)

n 6432 (79.4) 1673 (20.6) 3376 (71.3) 1362 (28.8)
Age at GnRH agonists initiation (Years)
Mean 76.5 75.9 76.0 75.1
SD 7.8 8.4 7.8 8.0

Age Groups (Years)
�65 612 (9.5) 190 (11.4) 348 (10.3) 185 (13.6)
66–74 1719 (26.7) 465 (27.8) 999 (29.6) 419 (30.8)
75–84 3169 (49.3) 762 (45.6) 1580 (46.8) 599 (44.0)
�85 932 (14.5) 256 (15.3) 449 (13.3) 159 (11.7)

Injection Intervals (Days)
90 4519 (70.3) 1404 (84.3) 2388 (70.7) 1135 (84.3)
180 374 (5.8) 46 (2.8) 203 (6.0) 33 (2.5)
365 (Implant) 648 (10.1) 66 (4.0) 347 (10.3) 62 (4.6)
Mixed 891 (13.9) 149 (9.0) 438 (13.0) 116 (8.6)

Risk Groups at Diagnosis
Low Risk 98 (1.5) 65 (3.9) 437 (13.1) 244 (18.2)
Medium Risk 695 (10.9) 226 (13.6) 1003 (30.1) 404 (30.1)
High Risk 2305 (36.0) 638 (38.5) 1332 (39.9) 503 (37.5)
Regional Metastasis 1064 (16.6) 273 (16.5) 402 (12.0) 135 (10.1)
Distant Metastasis 2235 (34.9) 457 (27.6) 164 (4.9) 56 (4.2)

Prior PCa Treatment
Deferred Treatment� N/A N/A 1509 (44.7) 641 (47.1)
Anti-androgens N/A N/A 649 (19.2) 198 (14.5)
Radical Prostatectomy only N/A N/A 269 (8.0) 148 (10.9)
Radiotherapy N/A N/A 719 (21.3) 279 (20.5)

Radiotherapy after Radical Prostatectomy
<1 year N/A N/A 109 (3.2) 54 (4.0)
�1 year N/A N/A 121 (3.6) 42 (3.1)

Change in CCI since CCI at diagnosis
No change 4636 (72.1) 1244 (74.4) 2485 (73.6) 1014 (74.5)
Change by 1 920 (14.3) 223 (13.3) 439 (13.0) 170 (12.5)
Change by 2 533 (8.3) 132 (7.9) 288 (8.5) 115 (8.4)
Change by 3 215 (3.3) 47 (2.8) 102 (3.0) 35 (2.6)
Change by �4 128 (2.0) 27 (1.6) 62 (1.8) 28 (2.1)

Civil Status
Single 2374 (36.9) 649 (38.8) 1061 (31.4) 472 (34.7)
Married 4058 (63.1) 1023 (61.2) 2315 (68.6) 890 (65.4)

Year of GnRH agonists’ initiation
2006–2007 2026 (31.5) 558 (33.4) 842 (24.9) 344 (25.3)
2008–2009 1747 (27.2) 471 (28.2) 869 (25.7) 336 (24.7)
2010–2011 1474 (22.9) 362 (21.6) 894 (26.5) 328 (24.1)
2012–2013 1185 (18.4) 282 (16.9) 771 (22.8) 354 (26.0)

�
Deferred treatment includes men who underwent active surveillance and watchful waiting.
N/A: Not applicable; CCI: Charlson Comorbidity Index; injection interval at 90 days included 7 adherent (primary ¼ 6, secondary ¼ 1) and 35
non-adherent (primary ¼ 17, secondary ¼ 18) PCa men given 30 days dosages due to low number in the 30 dosages group.
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with 90 days interval between injections (OR: 2.60; 95% CI:
1.89–3.58, Table A6, Supplementary Appendix). Men with dis-
tant metastatic PCa were more likely to be adherent than
men with low risk PCa (OR: 3.56; 95% CI: 2.54–5.00). A longer
follow-up of 6 years showed increased adherence with
increased age, increased injection interval and higher risk
PCa groups (Table A4, Supplementary Appendix).

Secondary GnRH agonists

Table 3 shows the results of a logistic regression for second-
ary GnRH agonists. Increased age was associated with
increased adherence in men who were given GnRH agonists
as a secondary treatment for their PCa, with the most adher-
ence observed in men aged � 85 years (OR: 1.65; 95% CI:
1.23–2.22). An increased adherence was also observed with
men given longer injection intervals (365 days injection inter-
val OR: 2.65; 95% CI: 2.00–3.51) compared to men given
GnRH agonists at 90 days intervals. An increased adherence
was observed in men who were given anti-androgens (OR:
1.50; 95% CI: 1.23–1.82) and radiotherapy (OR: 1.35; 95% CI:
1.11–1.64) as primary treatment prior to GnRH agonists’ initi-
ation compared to deferred treatment. Men who were given
radiotherapy �1 year after undergoing radical prostatectomy
were also more likely to be adherent to secondary GnRH
agonists compared to no radiotherapy (OR: 1.54; 95%
CI: 1.04–2.28).

Table 2. Logistic regression analyses showing odds ratios (OR) and 95% confi-
dence intervals (CI) for PCa men after 3 years on primary GnRH agonists.

Patient Characteristics

3 Years

Univariate Multivariable

OR 95% CI OR 95% CI

Age Groups (Years)
�65 1.00 Ref. 1.00 Ref.
66–74 1.15 0.95–1.39 1.27 1.04–1.54
75–84 1.29 1.08–1.55 1.49 1.23–1.81
�85 1.13 0.91–1.40 1.24 0.99–1.56

Injection Intervals (Days)
90 1.00 Ref. 1.00 Ref.
180 2.53 1.85–3.45 2.61 1.89–3.59
365 (Implant) 3.05 2.35–3.96 3.29 2.52–4.30
Mixed 1.86 1.55–2.23 1.93 1.60–2.32

Risk Groups at Diagnosis
Low Risk 1.00 Ref. 1.00 Ref.
Medium Risk 2.04 1.44–2.89 1.88 1.32–2.69
High Risk 2.40 1.73–3.32 2.34 1.68–3.26
Regional Metastasis 2.59 1.84–3.63 2.69 1.90–3.82
Distant Metastasis 3.24 2.33–4.51 3.56 2.54–5.00

Change in CCI since CCI at diagnosis
No change 1.00 Ref. 1.00 Ref.
Change by 1 1.11 0.94–1.30 1.12 0.95–1.33
Change by 2 1.08 0.89–1.32 1.12 0.91–1.38
Change by 3 1.23 0.89–1.69 1.19 0.86–1.66
Change by� 4 1.27 0.84–1.94 1.21 0.79–1.86

Civil Status
Single 1.00 Ref. 1.00 Ref.
Married 1.08 0.97–1.21 1.08 0.97–1.21

Year of GnRH agonists’ initiation
2006–2007 1.00 Ref. 1.00 Ref.
2008–2009 1.02 0.89–1.17 0.86 0.75–1.00
2010–2011 1.12 0.97–1.30 0.88 0.75–1.03
2012–2013 1.16 0.99–1.36 0.85 0.72–1.01

OR: Odds Ratio; CI: confidence interval; non-adherent (reference group); CCI:
Charlson Comorbidity Index.

Table 3. Logistic regression analyses showing odds ratios (OR) and 95% confidence intervals (CI) for PCa men after 3 years
on secondary GnRH agonists.

Patient Characteristics

3 Years

Univariate Multivariable

OR 95% CI OR 95% CI

Age Groups (Years)
�65 1.00 Ref. 1.00 Ref.
66–74 1.27 1.03–1.57 1.27 1.02–1.58
75–84 1.40 1.15–1.72 1.46 1.16–1.84
�85 1.50 1.16–1.94 1.65 1.23–2.22

Injection Intervals (Days)
90 1.00 Ref. 1.00 Ref.
180 2.92 2.01–4.25 2.83 1.95–4.13
365 (Implant) 2.66 2.01–3.52 2.65 2.00–3.51
Mixed 1.79 1.45–2.23 1.82 1.46–2.26

Change in CCI since CCI at diagnosis
No change 1.00 Ref. 1.00 Ref.
Change by 1 1.05 0.87–1.28 1.05 0.86–1.27
Change by 2 1.02 0.81–1.28 0.99 0.78–1.25
Change by 3 1.19 0.80–1.76 1.15 0.77–1.71
Change by� 4 0.90 0.57–1.42 0.84 0.53–1.34

Civil Status
Single 1.00 Ref. 1.00 Ref.
Married 1.16 1.01–1.32 1.15 1.00–1.32

Prior PCa Treatment
Deferred Treatment� 1.00 Ref. 1.00 Ref.
Anti-androgens 1.39 1.16–1.67 1.50 1.23–1.82
Radical Prostatectomy only 0.77 0.62–0.96 0.91 0.71–1.67
Radiotherapy 1.09 0.93–1.29 1.35 1.11–1.64
Radiotherapy< 1 year after Radical Prostatectomy 0.86 0.61–1.20 1.17 0.81–1.71
Radiotherapy� 1 year after Radical Prostatectomy 1.22 0.85–1.76 1.54 1.04–2.28

OR: Odds Ratio; CI: confidence interval; non-adherent (reference group); CCI: Charlson Comorbidity Index.�Deferred treatment includes men who underwent active surveillance and watchful waiting.
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Sensitivity analyses

After 6 years on GnRH agonists, in comparison to deferred
treatment, increased adherence was observed in men who
were given anti-androgens (OR: 1.67; 95% CI: 1.22–2.29) as
prior PCa treatment, whereas decreased adherence was
observed in men who underwent radiotherapy (OR: 0.73;
95% CI: 0.56–0.97) (Table A5, Supplementary Appendix).

Following reclassification based on intermittent GnRH
agonists therapy, 89% (7,227/8,105) men with PCa on pri-
mary GnRH agonists were adherent and 11% (878/8,105)
were non-adherent. 86% (4,049/4,738) men with PCa on sec-
ondary GnRH agonists were adherent and 15% (689/4,738)
were non-adherent. Table A1, Supplementary Appendix
shows ORs and 95% CIs estimated using logistic regression
models on the reclassified outcomes. Increased age, longer
injection intervals and higher risk groups showed an
increased adherence in men on primary GnRH agonists.
Reclassification of outcomes in the primary GnRH agonists’
group showed that change in CCI by 3 compared to no
change in CCI (OR: 1.95; 95% CI: 1.15–3.33) was also statistic-
ally significant which was not observed in the original ana-
lysis. For the men on secondary GnRH agonists (Table A2,
Supplementary Appendix), similar patterns as the original
analysis were observed with age, injection intervals and prior
PCa treatments (anti-androgens, radiotherapy and radiother-
apy �1 year after radical prostatectomy) affecting adher-
ence patterns.

Following redefinition of outcomes, a MPR of �50% was
considered as adherent and a MPR of <50% was considered
as non-adherent to GnRH agonists. 88% (7,140/8,105) men
on primary GnRH agonists were adherent and 12% (965/
8,105) were non-adherent. 84% (3,959/4,738) men on sec-
ondary GnRH agonists were adherent and 16% (779/4,738)
were non-adherent. Increased age, longer injection interval
and higher risk groups showed an increased adherence in
men on primary GnRH agonists (Table A7, Supplementary
Appendix). For men on secondary GnRH agonists (Table A8,
Supplementary Appendix), increased adherence was
observed with increased age, longer injection intervals and
those who were given anti-androgens or radiotherapy as PCa
treatment before GnRH agonists.

Following sub-group analysis including only men aged
�65 years after 3 years, 76% (612/802) men on primary GnRH
agonists were adherent and 24% (190/802) were non-adher-
ent. 65% (348/533) men on secondary GnRH agonists were
adherent and 35% (185/533) were non-adherent. No remark-
able differences in patterns of adherence to GnRH agonists
were observed in men receiving primary (Table A9,
Supplementary Appendix) and secondary (Table A10,
Supplementary Appendix) GnRH agonists.

Discussion

This is the first nationwide population-based register study
to investigate patterns of adherence to GnRH agonists in
men with PCa. Increased adherence to primary GnRH ago-
nists was observed with increased age, a longer injection

interval and a diagnosis of high risk or metastatic PCa after
3 years. Adherence to secondary GnRH agonists was stronger
with increased age, longer injection intervals and prior use
of anti-androgens and radiotherapy. Reclassification and
redefinition of outcomes showed similar patterns as above
and no remarkable differences in associations were observed
with a longer study period of 6 years.

An increased age was associated with increased adher-
ence to GnRH agonists for both primary and secondary
GnRH agonists. Several studies [20,21] on heart failure medi-
cation adherence have shown age to be a determinant of
medication adherence. Older individuals with chronic ill-
nesses were more likely to be adherent to their medication
than their younger counterparts. Sub-group analysis for men
aged �65 years was conducted as side-effects from GnRH
agonists such as loss of libido may be more of a concern for
men aged 65 years or younger. However, no remarkable dif-
ferences for patterns of adherence to GnRH agonists were
observed in this sub-population of men with PCa in our
study (Tables A9 and A10, Supplementary Appendix). This
requires further investigation as the sample size used in this
study was small for this sub-population which resulted in
wide CIs.

Men with PCa receiving GnRH agonists with 365 days
(50mg) interval in between injections showed an increased
adherence as compared to men receiving the injection with
90 days interval. This may be due to the reduced number of
visits required to administer the higher dose injections which
means that men on the longer injection intervals may simply
be more receptive to the less frequent and more convenient
injection schedules [22]. Men treated with the 365 days injec-
tion interval showed three times more adherence than those
on 90 days injection interval. This warrants further discussion
among clinicians into 365 days implants to be offered as an
alternative to men encountering difficulties organising
appointments at set intervals for injection administration.

Men with metastatic PCa at diagnosis were three times
more likely to be adherent to GnRH agonists than men diag-
nosed with low risk PCa. Since increased disease severity is
usually associated with more severe symptoms, men with
metastatic PCa may be more likely to adhere to their cancer
treatment in order to relieve disease symptoms such as bone
pain [23]. However, stage-specific treatment guidelines in
Sweden may have predominantly influenced the results of
our study. Some men with low-risk PCa may be on GnRH
agonists with an elective intent (i.e. men with low-risk PCa
may be given treatment instead of no treatment) leading to
the low adherence observed this group [24]. Although guide-
lines [24] in Sweden suggested the use of oestrogens for
metastatic PCa because of similar effects to GnRH agonists at
a lower cost, our study did not account for oestrogens as it
was extremely uncommon in the dataset.

Men who had received radiotherapy prior to GnRH ago-
nists’ initiation were more likely to be adherent to GnRH
agonists than those who were on deferred treatment. In
men who had undergone radiotherapy for PCa, having radio-
therapy �1 year after their radical prostatectomy improved
adherence to GnRH agonists which may reflect the treatment
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regimen for an advanced or recurrent PCa. Recommended
therapies for localised PCa in Sweden include: radical prosta-
tectomy, radiation therapy [25], anti-androgen monotherapy
[26] or a combination of any of these based on cancer risk
category and life expectancy. GnRH agonists can be given
after a radical prostatectomy to reduce the risk of recurrence
and to men who have a PSA relapse. Once PSA is under con-
trol, physicians can decide to discontinue GnRH agonists in
some cases [27]. Differences in the radiotherapy regimens
between localised and advanced or recurrent PCa, therefore,
explain the adherence patterns discussed above.

Men given anti-androgens prior to their GnRH agonists
were also more adherent than those on deferred treatment.
Although some men can continue anti-androgens in combin-
ation with GnRH agonists (for one month or longer) because
it can help relieve the side-effects caused by GnRH agonists
[28], further research is required to understand how patterns
of adherence to GnRH agonists is related to different anti-
androgen regimens in men with PCa.

Reclassifying outcomes showed no remarkable differences
to adherence patterns suggesting that adherence in men on
primary or secondary GnRH agonists was not affected by
whether they were on intermittent therapy. Men on GnRH
agonists may be placed on an intermittent treatment regi-
men in order to minimise the side-effects attributed to GnRH
agonists while maintaining anti-tumour efficacy [8,9].
Although this did not seem to influence the results of our
study, the lack of a standard definition for intermittent ther-
apy for men on GnRH agonists means that the 9months gap
explored in this study warrants further research.

Redefining adherence to a MPR of 50% cut-off (Tables A7
and A8, Supplementary Appendix) showed no remarkable
differences compared to the original analysis (Tables 2 and
3). We redefined outcomes from a MPR cut-off of 80% to a
MPR cut-off of 50% in a sensitivity analysis to consider the
longer-lasting effects of GnRH agonists. According to
Pettersson et al., the 3-month Buserelin implant have sub-
stantially longer duration of testosterone suppression than
previously documented [19]. Therefore, it was important to
investigate this possibility even though we assessed other
GnRH agonists in addition to Buserelin.

We did not explore the possibility of a switch in treatment
regimens from GnRH agonists to other forms of ADT since
very few men switched in the dataset. The study population
in PCBaSe was limited to a single country, with limited ethnic
diversity, thus reducing the generalisability of the results glo-
bally. However, treatment with GnRH agonists may not differ
significantly among men with PCa globally. Future research
assessing predictive factors once men stop adhering to the
treatment may also offer explanations to the patterns
observed in PCBaSe. Patient-related factors were not
explored in our study because this was beyond the informa-
tion available in PCBaSe. Patient-related factors such as for-
getfulness, side-effects of GnRH agonists and ‘white-coat
compliance’ may also contribute to the adherence patterns
in men on GnRH agonists [29]. A qualitative study exploring
the reasons contributing to non-adherence to GnRH agonists,
both from a patient’s and clinician’s perspective may be

beneficial to understanding overall adherence in men with
PCa on long-term GnRH agonists.

Conclusions

Men with PCa had high rates of adherence to GnRH agonists
primarily owing to the method of medication administration
by a healthcare professional. Our study identified increased
age, advanced cancer stage at diagnosis, longer injection
intervals and prior PCa treatment as patterns contributing to
increased adherence. The patterns observed in this study
provides evidence for some common factors already known
among clinicians that can contribute to adherence in men
on GnRH agonists. Further evidence-based discussions
among clinicians and research on data from other countries
are needed to reinforce whether men with low adherence to
GnRH agonists can benefit from tailored adjustment to some
of the identified factors in the clinical setting to
improve adherence.
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