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nists. There was no difference in risk of any CVD for men on GnRH antagonists and
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and PCa stage.
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1 | INTRODUCTION

In 2010, the United States Food and Drug Administration (FDA)
issued a requisite for gonadotropin-releasing hormone (GnRH) ago-
nists, a main form of androgen deprivation therapy (ADT) for locally
advanced and metastatic prostate cancer (PCa), to carry a safety
warning on the drug labels after several observational studies,*” and
a meta-analysis of observational studies® showed an increased risk of
cardiovascular disease (CVD) in individuals on GnRH agonists.
Degarelix, a GnRH antagonist introduced in 2010, has been associated
with a lower risk of CVD in men with PCa.”° Preclinical models have
shown less atherosclerotic effects in mice treated with the GnRH
antagonist as compared to those treated with GnRH agonists.!!
Although GnRH agonists are a GnRH inhibitor, GhnRH antagonists are
a GnRH blocker that completely blocks GnRH receptors. The differ-
ence in mechanism of action leads to an immediate mode of action in
GnRH antagonists associated with its reduced side effects.'?

Phase Il and phase Ill studies showed no difference in terms of
efficacy and baseline testosterone levels in men receiving GnRH
antagonists for 1 year compared to men receiving various GnRH ago-
nists for their PCa.*® Comparison of the CVD safety profile in men on
GnRH agonists and antagonists has yielded inconclusive results.®*
Although meta-analysis of observational studies® have shown a lower
risk of CVD in men on GnRH antagonists compared to GnRH agonists,
meta-analyses of randomised-controlled trials (RCTs) have shown no
such associations.1* Moreover, these studies were not designed with
CVD as a primary outcome.

A phase Il RCT (PRONOUNCE; ClinicalTrials.gov identifier:
NCT02663908) is recruiting to compare the risk of fatal or nonfatal
CVD in 900 men with PCa receiving GnRH agonist or antagonist as pri-
mary treatment.'® Results of the PRONOUCE trial is not expected until
2021, which justifies the need for observational evidence in the interim.
Since RCTs often exclude elderly participants and those with com-
orbidities, two most common characteristics of men with PCa receiving
ADT,* real-world data used in observational studies may provide evi-
dence applicable to the general PCa population.}”® Only one observa-
tional study has been conducted to date directly comparing risk of CVD
between GnRH agonists and GnRH antagonists. Scailteux et al showed
no difference in risk of developing stroke or myocardial infarction in
men with PCa receiving either treatments; however, overall CVD was
not investigated as a specific outcome in the study.’

By combining real-world data from five countries, we designed a

study with sufficient power to compare risk of CVD between GnRH

when comparing GnRH antagonists with agonists—though for some subtypes of CVD
we noted an increased risk with antagonists. Further studies are required to address

potential confounding caused by unadjusted variables such as severity of CVD history

cardiovascular disease, GnRH agonists, GnRH antagonists, prostate cancer, real-world evidence

What's new?

Prolonged use of gonadotropin-releasing hormone (GnRH)
agonists has been associated with an increased risk of car-
diovascular disease (CVD). Preclinical studies have indicated
that newer GnRH antagonists may cause fewer atheroscle-
rotic effects than GnRH agonists. In this meta-analysis of
prostate cancer studies, however, the authors found little
benefit of GnRH antagonists over GnRH agonists, in terms
of CVD risk. If anything, men taking GnRH antagonists may
have an increased risk of acute myocardial infarction and
arrhythmia compared to GnRH agonists. Further studies are

warranted.

agonists and antagonists in a real-world setting. Our study is the first
observational study to directly compare the risk of six CVD outcomes
between GnRH agonists and antagonists by using country-specific
analyses from patient level data from five countries. We explored six
CVD outcomes: any CVD, ischaemic heart disease (IHD), acute myo-

cardial infarction (AMI), arrhythmia, heart failure (HF) and stroke.

2 | METHODS

21 | Study design and population
This observational study combined data from five countries to investi-
gate the association between GnRH agonists or antagonist (degarelix)
and risk of CVD in men with PCa. All men with PCa prescribed or dis-
pensed GnRH agonists or GnRH antagonists were included in the
study. A detailed study protocol aimed to minimise heterogeneity in
terms of data collection across countries by outlining exact codes for
extraction of all study variables is published elsewhere.?°

Data from the United Kingdom's The Health Improvement Net-
work (THIN) database (excluding Scotland)?*?? (2010-2016), National
Health Service Scotland (NHSS)?® (2010-2017), the Belgian Cancer
Registry (BCR)?* (2010-2015), the PHARMO Database Network from
the Netherlands?® (2010-2015) and the French Systéme National
d'Informations Inter-Régimes de I'Assurance Maladie (SNIIRAM)?®
(2010-2013) were used for our study. Although the THIN database is a
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primary healthcare database (ie, general practices and community
healthcare settings) and NHSS is a secondary healthcare database (ie,
hospitals and outpatient clinics), BCR and PHARMO include both pri-
mary and secondary healthcare data.?*?” The SNIIRAM database is
a claims database combining claims from insurance plans with the
National Hospital-discharge Summaries database system (PMSI).2% As
Scotland is in the United Kingdom and there may have been some over-
lap of men with PCa in the THIN database and Scottish NHSS database,
men with PCa with a postcode in Scotland were excluded from THIN.
The study period extended from 2010 to 2017 in the five countries.

2.2 | Exposures

Exposure was defined as a prescription or dispensation of GnRH ago-
nists or GnRH antagonists. We included all men with locally advanced
or metastatic PCa (in countries where PCa stage was available, Sup-
plement Table 1) who started on GnRH agonists or GnRH antagonists.
Men were followed from the date of GnRH agonists or antagonist's
initiation until outcome of interest, switch between agonists and
antagonists and vice versa, orchiectomy, end-of-study period or death
from other causes, whichever came first. No further exclusion criteria

were used.

2.3 | Outcome

A CVD event was classified as first (incident or fatal) CVD. Six specific
CVD outcomes were explored: any CVD (International Classification
of Diseases [ICD]-10: 120-199, G45), IHD (ICD-10: 120-125), AMI (ICD-
10: 121), arrhythmia (ICD-10: 144-149), HF (ICD-10: 150, 197.710,

197.790, 111.0) and stroke (ICD-10: 160-64, G45). In Belgium, ICD-9
equivalent codes were used in cases where no ICD-10 classification
was available. In the United Kingdom, the THIN database made use of
already published readcodes instead of ICD codes (used in NHSS,
BCR, PHARMO and SNIIRAM). %

24 | Other study variables

In addition to age, we obtained information on the following
covariates to better understand data heterogeneity across countries:
follow-up time, year of PCa diagnosis, stage of PCa, total Gleason
score, prostate-specific antigen (PSA), any prior PCa treatment, type
of ADT, ADT specifics, history of CVD indicator and number of previ-
ous CVD events (Table 1 and Supplement Table 1). Additional infor-
mation on socio-demographic variables, such as socio-economic
status (SES), civil status and ethnicity and lifestyle factors, including
body mass index (BMI) and smoking, were available in THIN. History
of CVD indicator was classified as any CVD event or prescription or
dispensation of medication for hypertension, dyslipidaemia or diabe-
tes within 12 months prior to GnRH initiation. Only CVD events or
risk factors for CVD in the past 12 months were captured. Detailed
description and codes for other study variables have been described
elsewhere.?®

2.5 | Statistical analysis

We conducted a two-stage analysis: firstly, we obtained country-
specific hazard ratios (HRs) from Cox proportional hazards models
using age as a timescale to assess heterogeneity in each country,

TABLE 2 Hazard ratios from random-effects meta-analytical models including different stratification for any CVD, ischaemic heart disease,
acute myocardial infarction, arrhythmia, heart failure and stroke for the five included countries

HR for PCa men

with? history of CVD
Outcome HR (95% Cl) indicator (95% ClI)
Any CVD 1.25(0.96-1.61) 1.30 (1.04-1.61)

1.18° (0.82-1.69
1.639 (1.09-2.43

1.22 (0.95-1.58 )
)
1.74 (1.30-2.32)
)
)

1.629(1.11-2.35

Ischaemic heart disease )
)
1.55(1.11-2.15)
)
)

Acute myocardial infarction
Arrhythmia

1.33°(0.94-1.87
0.86%(0.54-1.36

1.34(0.97-1.85
0.88 (0.60-1.29

Heart failure

Stroke

Note: GnRH agonists is the reference group in all analyses.

HR for PCa men HR for PCa HR for PCa
without history of CVD men < 75 years men 2 75 years
indicator (95% Cl) (95% ClI) (95% CI)

1.15(0.77-1.73)
1.85(1.00-3.41)
2.05¢(0.75-5.62)

( 1.29 (1.00-1.65)
(
(
5.377(1.26-22.87)
(
(

1.17° (0.81-1.69)
2.16%(1.27-3.67)

1.62 (1.04-2.51)
1.714(0.91-3.21)
0.79%(0.30-2.06)

1.16 (0.92-1.46)
1.31°(0.94-1.82)
1.319(0.77-2.22)
1.44 (1.00-2.08)

1.22 (0.83-1.80)

0.94 (0.60-1.47)

2.458 (0.85-7.05)
1.44 (0.69-3.01)

Abbreviations: Cl, confidence interval; CVD, cardiovascular disease; GnRH, gonadotropin-releasing hormone; HR, hazard ratio; PCa, prostate cancer.
?History of CVD indicator was defined as a prescription or dispensation of medication for any of the following 12 months prior to entering the cohort: any

CVD event, hypertension, dyslipidaemia or diabetes.

The Netherlands was excluded due to low number of events for country-specific analysis.

“The United Kingdom was excluded due to low number of events for country-specific analysis.

9The United Kingdom and the Netherlands were excluded due to low number of events for country-specific analysis.

€The United Kingdom, Belgium and the Netherlands were excluded due to low number of events for country-specific analysis.
fScotland, the Netherlands and France were excluded due to low number of events for country-specific analysis.

€The United Kingdom, Scotland and the Netherlands were excluded due to low number of events for country-specific analysis.
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FIGURE 1 A Pooled results (A)  country HR (95% Cl) Weight (%)
from meta-analysis for prostate
T
cancer (PCa) men with a history of : 165 (047-6.12)
. . United Kingdom . X .47-6. 2.78
cardiovascular disease (CVD) :
:
indicator developing any CVD scotland o] 152 (1.19-1.94) 31.52
. . . . =<1
including United Kingdom, Scotland, :
Belgium, the Netherlands and Belgium - 1.37(1.07-1.76) 31.07
France. B, Pooled results from i
. . Netherlands _ 1.61(0.70-3.71) 6.14
meta-analysis for PCa men with a i
history of CVD indicator developing France ] 0.95 (0.72-1.25) 28.49
. . . | I
acute myocardial infarction i
including Scotland, Belgium and Overall (12 = 43.8%, P = 130) @ 130(1.04-1.61) 100.00
France. C, Pooled results from !
meta-analysis for PCa men with a '
history of CVD indicator developing : ! i
arrhythmia including United o1 1 10
Kingdom, Scotland, Belgium, the
Netherlands and France
(B)  country HR (95% CI) Weight (%)
Scotland > 1.24 (0.66-2.33) 2051
Belgium — 2.19 (1.16-4.16) 39.52
France . 1.57 (0.64-3.86) 19.96
Overall (/2= 0%, P = 461) <> 1.63 (1.09-2.43) 100.00
'
'
'
T . T
0.1 1 10
(C) Country HR (95% Cl) Weight (%)
United Kingdom o+ 2.94 (0.71-12.20) 4.14
i
1
Scotland —_— 2.24 (1.35-3.72) 32.56
Belgium —— 1.65 (1.00-2.73) 33.16
L
\
Netherlands ; > 141(0.08-2357) 1.03
T
i
—
France : 1.30(0.76-2.22) 29.11
Overall (12 = 0%, P = .613) @ 1.74 (1.30-2.32) 100.00
:
i
i
:
T . T

and secondly, we conducted a meta-analysis. The Cox models
included stratified analysis (history of CVD indicator and age at cut-
off point of 75 years) from each country with age as a timescale.
The country-specific HRs from Stage 1 were then combined in a
random-effects meta-analytic model assessing the risk of any CVD
and CVD subtypes comparing men on GnRH agonists with men on

GnRH antagonists. The I? statistic was calculated to determine the

0.1

proportion of variation in the estimates due to heterogeneity. To
assess the effect of heterogeneity, we then performed a sensitivity
analysis excluding the United Kingdom as the data were collected
using readcodes—as compared to ICD codes in Scotland, Belgium,
the Netherlands and France. We also conducted stratified analyses
by history of CVD indicator and age (<75 and 275 years). An age of
75 years was used as a cut-off point in the study because the mean
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age was 73 or 74 years. Moreover, men above 75 years may be
more likely to present with very advanced disease and this differ-
ence was accounted for by the analysis.?’

A further sensitivity analysis was also conducted to exclude men
who may have been on GnRH agonists or GnRH antagonists for less
than 3 months to eliminate short-term neoadjuvant or adjuvant use.

All country-specific analyses were conducted using different SAS
versions in Belgium (9.4) and France (9.4) and statistics and data
(STATA) versions in the United Kingdom (14C), Scotland (14) and the
Netherlands (14C). The meta-analysis was conducted using STATA
version 14C.

3 | RESULTS

Table 1 shows the baseline and clinical characteristics of men on
GnRH agonists or GnRH antagonists in the United Kingdom, Scotland,
Belgium, the Netherlands and France. A total of 48 757 men were on
GnRH agonists from the United Kingdom (n = 16 955), Scotland
(n = 9114), Belgium (n = 1860), the Netherlands (n = 1187) and France
(n = 19 641). Of which, 2144 men were on GnRH antagonists from
the United Kingdom (n = 118), Scotland (n = 495), Belgium (n = 522),
the Netherlands (n = 97) and France (n = 912). Total median follow-up
time for the United Kingdom, Scotland, Belgium, the Netherlands and
France was 1.8 (0.9-2.8) years for GnRH agonists and 1.2 (0.6-1.8)
years for GnRH antagonists. Total mean age for the five countries was
74 (SD = 8.8) for GnRH agonists and 73 (SD = 9.7) for GnRH
antagonists.

Socio-demographic factors were only available in the United
Kingdom and high missing numbers for BMI, SES, smoking status and
civil status resulted in an exclusion of these variables from the analyti-
cal models. Moreover, clinical characteristics of PCa were also not uni-
formly available in all countries. We reported these variables for
descriptive purposes and no further analyses were conducted using
these variables.

Table 2 shows pooled HRs including stratifications to evaluate the
use of GnRH agonists compared to GnRH antagonists according to
history of CVD indicator and age. HRs shown were derived from a
random-effects meta-analysis model including the United Kingdom,
Scotland, Belgium, the Netherlands and France. With respect to our
primary objective, there was no increased risk of developing any CVD
in both comparison groups (HR = 1.25; 95% Cl = 0.96-1.61; I? = 64%).
However, men with PCa on GnRH antagonists had an increased risk
of developing AMI (HR = 1.62; 95% Cl = 1.11-2.35; I> = 0%) and
arrhythmia (HR = 1.55; 95% CI = 1.11-2.15; I?> = 17%) compared to
men on GnRH agonists. An increased risk was observed for any CVD
(HR = 1.30; 95% Cl = 1.04-1.61; I? = 44%; Figure 1A), AMI (HR = 1.63;
95% Cl = 1.09-2.43: I? = 0%; Figure 1B) and arrhythmia (HR = 1.74;
95% Cl = 1.30-2.32; I? = 0%; Figure 1C) for men on GnRH antagonists
with a history of CVD. For men who were on GnRH antagonists with-
out a history of CVD indicator, there was an increased risk of develop-
ing arrhythmia (HR = 5.37; 95%; Cl = 1.26-22.87; I> = 0%) compared
to those on GnRH agonists.

For men aged <75 years and on GnRH antagonists, there was an
increased risk of developing AMI (HR = 2.16; 95% CI = 1.27-3.67,
I? = 0%) and arrhythmia (HR = 1.62; 95% ClI = 1.04-2.51; I* = 0%). No
remarkable differences in results were observed when excluding the
United Kingdom (Supplement Table 2) compared to the main analysis
(Table 2). Sensitivity analysis with GnRH initiation date 3 months after
the GnRH start date showed no statistically significant findings for
arrhythmia (Supplement Table 3).

4 | DISCUSSION

Our study is the first to combine real-world data from the United
Kingdom, Scotland, Belgium, the Netherlands and France to compare
the risk of CVD following GnRH agonists and GnRH antagonists in
men with PCa. Our results from all five countries provided no support
for a difference in risk of any CVD between GnRH antagonists com-
pared to GnRH agonists, but there was some evidence of increased
risk of certain CVD subtypes. Men with PCa given GnRH antagonists
with history of CVD event or indication had a 30% higher chance of
developing any CVD, 63% higher chance of developing AMI and 74%
higher chance of developing arrhythmia compared to men on GnRH
agonists. Stratification by age showed that men on GnRH antagonists
aged <75 years had 62% higher chance of developing arrhythmia
compared to men on GnRH agonists.

Our study showed that there was an increased risk of developing
any CVD, AMI and arrhythmia in men on GnRH antagonists with a
prior CVD history compared to GnRH agonists. Our final results are in
contrast to our preliminary findings®® using four of the five countries,
which looked at the proportion of men developing a CVD event in the
exposure groups, without accounting for age or follow-up period. The
difference in methods may have reflected the results as we pooled
country-specific HRs in our final meta-analysis of five countries.

This is the first study to show an increased risk of developing
CVD subtypes in men on GnRH antagonists compared to GnRH ago-
nists. Although this is significant, it is important to note that degarelix,
the GnRH antagonist, was a new drug during the study period with
strict prescription guidelines that tailored the drug to specific PCa
population (ie, to those with preexisting CVD). Even though we have
accounted for history of CVD by history of CVD indicator stratified
analysis, we may have selected a population with underlying CVD risk
leading to an increased risk of CVD in men on GnRH antagonists
observed in our study. Moreover, we only accounted for history of
CVD indicator 12 months prior to GnRH initiation due to data
unavailability, which may also have limited the number of CVD events
in both arms of the study. The generic history of CVD indicator vari-
able may have led to a loss of granularity in terms of assessment of
history of CVD. This may have contributed to confounding by indica-
tion in our study due to the inability to adjust for precise history and
severity of prevalent CVD. Moreover, men with more advanced stage
PCa who are given more aggressive forms of PCa treatments may
already have had elevated CVD risks due to their disease stage and

treatments. By not accounting for PCa stage in our study, we may
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have missed some of the information indicative of treatment history
and potential increased CVD risks.

Our findings showing an increased risk of CVD subtypes in men
on GnRH antagonists compared to GnRH agonists contradicts prior lit-
erature showing an increased CVD risk among men using the GnRH
agonists compared to GnRH antagonists.” 113! Although GnRH ago-
nists work by inhibiting the release of GnRH, antagonists work by
inhibiting both GnRH and follicle-stimulating hormone (FSH) recep-
tors.323* The additional inhibition of FSH receptors by GnRH antago-
nists may reduce the risk of a recurrent CVD due to FSH receptors'
role in lipid metabolism and in fat accumulation.3®> However, results
from our real-world data showed contradictory effects, which may be
partly explained due to confounding by indication.

In our methodological protocol, we used the Risk of Bias in Non-
Randomised Studies of Interventions (ROBINS-I) tool to assess our
study design, which emphasised three main forms of biases: mis-
classification of study variables, channelling or indication and
unmeasured confounding.?® We avoided misclassification bias, where
possible, by following a standard protocol?® to extract study variables
from the five countries involved. Channelling or indication bias®®
occurs when a physician prescribes GnRH antagonists to men with a
history of CVD based on previous evidence.®” We were unable to
avoid channelling bias in our study because data on physician prefer-
ences were not available. In addition to no information on physician
preference, heterogeneity in guidelines for prescription of GnRH
antagonists in the five countries may have also affected the study
results (discussed in George et al®).

In this large prospective cohort study, we found it difficult to fully
homogenise study variables (Supplement Table 4). A large proportion
of this complexity was attributed to the varied data sources used in
our study. THIN from the United Kingdom was the most distinct data-
base used in the study, due to its data derivation exclusively from pri-
mary healthcare settings.?* As degarelix was a fairly new drug on the
market®® and a much smaller proportion of men were degarelix users
in individual countries, there was a need to combine data from all
countries in our analysis. We attempted to account for this heteroge-
neity in the data sources by not only setting up a standard protocol®®
but also by focusing analyses on data that was fully available in all five
countries (ie, history of CVD indicator). Moreover, further sensitivity
analyses excluding the United Kingdom (Supplement Table 2) and a
delayed start date of 3 months after GnRH initiation date (Supplement
Table 3) showed little difference in patterns for risk of various CVD
types.

Heterogeneity in data sources at the point of the data cap-
ture process may also reflect the results of our study. Neither
healthcare records nor claims databases have research as a pri-
mary intention at point of data capture. Although claims databases
reflect diagnosis codes recorded to justify medical prescriptions
and procedures, electronic healthcare records reflect data captured
to support clinical care that may not represent a complete medi-
cal history.®?

Results for some subtypes of CVD were limited due to the

data sources that they were obtained from. For example, the acute

jonal Journal of Cancer

nature of AMI means that it is usually recorded in an acute hospital
setting.*® The United Kingdom had no AMI events for analysis
because the THIN database originates from a primary healthcare
setting. Therefore, further assessment of hospital registries is
needed to understand the risk of developing AMI in men with PCa
on GnRH analogues.

A key strength of our study was the use of data from five coun-
tries that made study results applicable to the general PCa population.
Moreover, the use of different types of databases (primary healthcare,
secondary healthcare, cancer registries and claims databases) also
ensured the inclusion of rare, adverse events that may not have been
identified in an RCT. However, our study also highlighted the chal-
lenges involved of using real-world data. Although the potential for
real-world data is large in the healthcare setting, differences in data
sources need supervised reconfiguration of data for real-world data to
achieve its full potential. The way forward for researchers using real-
world data is to combine and analyse “big data” from databases from
various institutions into a single platform through projects such as the
GetReal Initiative*! and Prostate cancer dlagnOsis and treatmeNt
Enhancement through the power of big data in EuRope (PIONEER),*2
which are part of the Big Data for Better Outcomes (BD4BO).*®

5 | CONCLUSION

Our study across five countries provided little support for a difference
in risk of any CVD between GnRH antagonists compared to GnRH
agonists, but there was some evidence of increased risk of certain
CVD subtypes. Since our results are based on real-world data, they
may be more applicable to the general PCa population who are
on hormonal treatment. However, the potential for indication bias in
our study needs to be addressed through RCTs, such as the PRO-
NOUNCE trial.
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