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Abstract

Introduction: (Pre-)clinical studies have not ruled out a potential risk of sec-
ond primary cancer (SCP) under the effect of some new androgen receptor
pathway inhibitors (ARPIs), especially enzalutamide (ENZ).

Methods: Using the French health reimbursement claims database
(Systéme National des Données de Santé), we designed a case—control
study nested in a 2013—2020 cohort of new users of androgen-deprivation
therapy. The cases were patients with a first diagnosis of SPC, identified
beyond 12 months following cohort entry and up to December 31st 2021;
up to 10 controls were matched per case, based on age and cohort entry
date. The main analysis focused on patients who had not switched to a dif-
ferent ARPI. Applying a one-year lag time, we determined the most frequent
and longest cumulative exposure patterns to abiraterone (ABI) or ENZ and
estimated the odds ratios.

Results: The cohort comprised 147 092 patients, including 7928 cases and
78 554 controls eligible for analysis. The SPCs mainly involve the digestive
organs, the urinary tract, or the lungs. Recent and short exposure to ENZ
was associated with SPC: OR 1.7, 95% CI [1.2-2.4]. Recent one full year of
exposure to ABI, as well as full-year plus part of the second year, was asso-
ciated with SPC: OR 1.8 [1.2-2.7] and 2.3 [1.3—4.0], respectively.
Discussion/Conclusion: SPC cases were mainly observed among
recently exposed patients, which could be linked to a detection bias. The
insufficient number of patients exposed over many years means that no
definitive conclusions can be drawn.
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1 | INTRODUCTION

Used in association with androgen-deprivation therapy
(ADT), a number of new androgen receptor pathway
inhibitors (ARPIs; abiraterone [ABI]/Zytiga® (Janssen-
Cilag International NV, Beerse, Belgium), apalutamide/
Erleada® (Janssen-Cilag International NV, Beerse,
Belgium), darolutamide/Nubega® (Bayer AG, Leverkusen,
Germany), and enzalutamide [ENZ]/Xtandi® (Astellas
Pharma Europe B.V., Leiden, Netherlands)) are well-
recognized prostate cancer treatments, initially used
mainly in castration-resistant prostate cancer [1]. While
ABI and ENZ have been used since the early 2010s,
apalutamide and darolutamide have only been used
since 2020.

Issues have arisen in marketing authorization appli-
cations following approval for the metastatic castration-
resistant stage, when non-clinical data pointed to the
potential carcinogenicity of ENZ, with tumors observed
in the thymus, the pituitary gland, and the bladder [2].
Although no mechanism has been established, urothe-
lial carcinoma is thought to be induced by permanent
local epithelium irritation by ENZ calculi and crystals
observed in rat bladders [2, 3]. In comparisons with pla-
cebo, cases of secondary primary cancer (SPC) (blad-
der/urothelium, colon) have been observed in quite
similar or higher proportions in ENZ phase-3 trials [4—0],
which justified a special warning in the ENZ/Xtandi®
summary of product characteristics [7]. Patients are
advised to consult their doctor if they notice signs sug-
gestive of urinary or digestive malignancies. With ABI
and darolutamide, animal data does not suggest a carci-
nogenic effect [8, 9]. Although testicular neoplasms have
been observed in rats treated with ABI, the data indi-
cates that this species is genetically predisposed to this
type of tumor [8, 10-12]. Apalutamide animal data has
reported some malignancies (testicular, mammary, thy-
roid, etc.) but they were also considered as rat-
specific [13]. No malignant-type adverse events have
been identified in the ABI, apalutamide, and daroluta-
mide phase-3 trials [14—20]. Unlike the darolutamide/
Nubega® risk management plan, which mentions poten-
tial carcinogenicity among important potential risks [21],
malignancies are not mentioned as a safety concern
with ABI, ENZ, and apalutamide [2, 8, 22].

To date, no study has assessed the risk of develop-
ing SPCs among ARPI users. Studies have focused on
describing SPC and/or on estimating the incidence
among prostate cancer survivors [23, 24], and some-
times more specifically among castration-resistant
prostate cancer cohorts in Germany, Sweden, and the
United States [25]. Overall, the study periods included
patients at a time when ABI and ENZ were in clinical
development or were starting to be used, and no
treatment-related risk assessment was performed. Now
that the marketing of ARPIs for earlier stages of pros-
tate cancer [26] is being considered, more knowledge

is needed, because the concomitant risk, if there is
one, of developing SPC as a result of using one of the
ARPIs could alter patients’ overall survival.

The aim of the study was thus to assess the impact
of ARPI exposure on subsequent risks of developing
SPCs in a prostate cancer population.

2 | MATERIALS AND METHODS

21 | Study design, setting and patients
We performed a nested case—control study using the
Systéeme National des Données de Santé (SNDS) as
the data source for the 2009-2021 period. The study
was not registered. The protocol was submitted to the
GIS EPI-PHARE so the study could be included in the
research program of the Drugs-Safe®-GIS EPI-PHARE
partnership funded by the French Medicines Agency
ANSM. The protocol is available as a supplementary
material. We followed the RECORD-PE reporting
guideline and the checklist is provided in supplemen-
tary material.

The SNDS collates pseudonymized medical-
administrative data, covering 99% of the French popu-
lation, providing information on patients (age, gender,
vital status, etc.). It contains information on all health-
care acts that lead to reimbursement (dispensing medi-
cation, biological and radiological acts, consultation,
hospitalization) by the health insurance system (Assur-
ance Maladie). Healthcare reimbursements are identi-
fied through classifications such as the Anatomical
Therapeutic Chemical (ATC) classification for drugs,
medical procedure codes, or the International Classifi-
cation of Diseases, 10th edition (ICD-10) for disease
diagnoses [27].

The cohort entry selection criteria were: a first reim-
bursement for ADT in the period 2013 to 2020 (the
cohort entry date was the ADT initiation date), without
ADT or ABI or ENZ reimbursement identified from 2009
to 2012; age = 40 years; a diagnosis of prostate cancer
around the date of entry into the cohort (i.e. a prostate
cancer diagnosis using the C61 or D400 ICD-10 codes
before or in the 3 months after initiation, or two prescrip-
tions for dosing the prostatic specific antigen or one
prostate biopsy in the 12 months before ADT initiation);
and without a history of cancer other than prostate can-
cer before the cohort entry date (see Table S1 for
details).

We identified cases as patients with an SPC diagno-
sis (ICD-10, C00-C96; Table S1) after the ADT initiation
date (with the exception of prostate cancer, and non-
melanoma skin cancers) up to December 31st, 2021.
Not all cases of SPC were of interest for the analysis,
given a potential detection bias for patients for whom
an ICD-10 diagnosis code C77-C80 (metastatic cancer
codes) or D00-D48 (benign neoplasm or of unspecific)
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were first observed. As these patients may be moni-
tored more closely, the detection of a SPC is more likely
than for patients without these codes (see Figure S1).
In an attempt to exclude all active cancers other than
prostate cancer, we also excluded cancers diagnosed
in the first year following the initiation of ADT
(Figure S1). Up to 10 controls were matched to the
cases using an incidence density sampling design,
based on the same month and year of birth, and the
same cohort entry date (+ 3 months to facilitate match-
ing of controls to cases), with replacement.

2.2 | Exposure

The exposure of interest was ARPI (Table S1), espe-
cially ABI and ENZ, for which initiation and subsequent
use were identified from monthly reimbursements. Apa-
lutamide and darolutamide use was expected to be infre-
quent given the study period and their recent market
authorization in France. It is difficult to estimate the
impact of a switch between ARPIs on the risk of SPC,
and above all, to distinguish which ARPI drug could alter
the SPC risk, and in what way. Cases (and their related
controls), for whom exposure included ARPI switches,
were thus not considered for the case—control analysis.
Several exposure groups were considered: ARPI non-
users (defined as being not exposed to ARPIs), ABI new
users, and ENZ new users, regardless of ADT use for
these two groups (see Figure S2). Before the SPC diag-
nosis date (and the related date for controls), ABI and
ENZ cumulative exposure took the date of each reim-
bursement and the dispensing of one month’s treatment
into account; the dispensing date was used as the treat-
ment starting date. An annual ratio of cumulative expo-
sure ratio was estimated by dividing the number of
supposed daily-exposed patients by 365. Daily exposure
to either ABI or ENZ was deduced from the quantity
delivered (number of pills) as recorded in the healthcare
reimbursement database. To facilitate the representation
of cumulative exposure, we considered as “unexposed”,
“partially-exposed” and “fully exposed”, patients
exposed < 25%, < 25% and < 75% and = 75% per year
to ABI or ENZ, respectively. In some cases, given that it
takes a number of years to observe clinical manifesta-
tions and diagnose a cancer linked to a causal agent
[28, 29], i.e. cancer latency, we applied a one-year lag
time, not considering ARPI exposure in the year immedi-
ately preceding the SPC diagnosis date (and the related
date for the controls).

2.3 | Statistical analysis

First of all, we estimated the incidence of SPCs in the
cohort, taking all cases of interest into account
(Figure 1).

Regarding case—control analyses on ARPI non-
switchers, patient characteristics (comorbidities
included in the Charlson score identified in the 3 years
before inclusion; radiotherapy and radical prostatec-
tomy, retrospective up to 01/01/2009), were described
at the time of cohort entry according to their case and
control status, on an individual basis (as some of the
controls could be used several times, and some cases
could be controls for other cases).

The SPC location was described, as well as can-
cers in a pelvic location (rectal, bladder cancer, etc.)
that could be related to prostate cancer radiotherapy
[1, 30-33].

We ran conditional logistic regression models to esti-
mate the odds ratios (95% CI) for cumulative exposure
to ABIl or ENZ (< 1 year, 1-2 years, 2—-3 years, > 3 years),
using the ARPI non-user group as the reference, and
a one-year lag time to address cancer latency.

We also described the patterns of exposure to ABI
or ENZ, in particular the most frequent (with at least
20 patients per pattern), and, if different, those for
which the duration of exposure was the longest. A one-
year lag time was also applied. A similar exploration
was made for the most frequent SPC locations distin-
guishing digestive and urinary cancers. We then ran
conditional logistic regression models to estimate the
odds ratios (95% CI) for each pattern of ABI or ENZ
exposure (applied with a one-year lag time), using the
ARPI non-user group as the reference.

As an exploratory approach, the weighted cumula-
tive exposure (WCE) method was used to assess the
impact of the period of ARPI exposure in addition to its
intensity and duration over a prespecified time period
[34, 35]. This exploratory approach was not planned in
the initial protocol provided in the supplementary mate-
rial. Estimated from data observed in the study, i.e. as
data-driven model, it considers the cumulative weighted
sum of the effect of the past exposures, to estimate with
flexible cubic splines the weight function of the relative
importance of past doses on the current risk [36—38].

3 | RESULTS

The source cohort included 147 092 patients who
started an ADT treatment in the period from 2013 to
2020. Among these, 8038 cases of SPC were identified
up to the end of 2021 (Figure 1), corresponding to an
incidence of 1.33 per 100 person-years (PY) (95% ClI,
1.31-1.36).

Focusing on ARPI non-switchers, 7928 cases and
78 554 controls (corresponding to 48 296 individuals
used for controls) were considered for the main analy-
sis (Figure 1). The baseline characteristics are shown
in Table 1. The mean age was 75 years for both cases
and matched controls. A history of radiotherapy for
prostate cancer was identified for 4%. The main SPCs
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Patients with initiation of androgen deprivation therapy (ADT)
in the period 2013 to 2020,
and without ADT or abiraterone or enzalutamide
from 2009 to 2012
n =245 668

Patients aged > 40 years
at ADT initiation
n=234677

!

Patients with a prostate cancer diagnosis (ICD-10 C61 or D400)
before or in the 3 months after ADT initiation,
or 2 PSA titrations or 1 prostate biopsy in the 12 months before ADT
initiation
n=220793

Patients free of other cancers before ADT initiation
(Diagnosis of cancers or reimbursement of cancer
treatments)

n =147 092

y
Cases:

Secondary primary cancer (SPC) diagnosis (ICD-10, C00-
C96) following ADT initiation (with the exception of
prostate cancer and skin neoplasms)

n =16 186f

Cases of interest:
SPC diagnosis (ICD-10 codes, C00-C96)
made > 1 year after ADT start and
without ICD-10 codes for metastasis cancer (C77-C80)*
or in situ carcinoma, benign neoplasm or of unknown
nature (D00-D48, excluding prostate location) before
the SPC diagnosis date*

n =8038
Eligible cases for case-control analysis, Eligible matched-controls for case-control
Excluding ARPI switchers <:> analysis: Up to 10 controls per case.
n=7928 n=78554

FIGURE 1 Flowchart. ADT: androgen deprivation therapy; ARPIs: androgen receptor pathway inhibitors. % Because metastatic cancer
codes (C77-C80) potentially have low sensitivity and/or specificity, and metastatic prostate cancer progression could be coded as a second
primary cancer, a potential classification bias could exist. We therefore decided to exclude the metastatic cancer codes. * Cases with ICD-10
codes C77-C80 or DO0-D48 (benign neoplasm or of unknown nature) identified before C00-C96 were excluded because of a potential detection
bias. This is because patients with C77-C80 or D00-D48 first could receive closer monitoring and could be more likely to be diagnosed with a
second primary cancer than patients without these codes first. See appendix Figure S1.
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TABLE 1

Eligible cases

(n = 7928)
Mean age (SD), year 75.3 (8.1)
Previous prostate cancer management, n (%)
Prostatectomy 775 (9.8)
Radiotherapy 345 (4.4)
Comorbidities, n (%)
Myocardial infarction 219 (2.8)
Ischemic heart disease 1188 (15.0)
Congestive heart failure 363 (4.6)
Peripheral vascular disease 775 (9.8)
Cerebrovascular disease 454 (5.7)
Dementia 199 (2.5)
Chronic pulmonary disease 1481 (18.7)
Rheumatologic disease Connective tissue 84 (1.1)
disease
Peptic ulcer disease Ulcer disease 47 (0.59)
Mild liver disease 127 (1.6)
Moderate or severe liver disease 21(0.3)
Diabetes without complication 1482 (18.7)
Diabetes with end-organ damage 277 (3.5)
Hemiplegia 116 (1.5)
Moderate or severe renal disease 265 (3.3)
AIDS/HIV 25(0.3)

Baseline patient characteristics among the eligible cases and matched controls, based on individuals.

Matched controls Standardized
(n = 48 296) difference
75.0 (8.4) 0.0420
5664 (11.7) —0.0631
2093 (4.3) 0.0009
1321 (2.7) 0.0017
6578 (13.6) 0.0390
1914 (4.0) 0.0305
3006 (6.2) 0.1312
2718 (5.6) 0.0043
1371 (2.8) —0.0204
7632 (15.8) 0.0762
521 (1.1) —0.0019
222 (0.5) 0.0184
420 (0.9) 0.0663
64 (0.1) 0.0297
8123 (16.8) 0.0491
1225 (2.5) 0.0560
658 (1.4) 0.0085
1451 (3.0) 0.0193
91(0.2) 0.0253

SD: standard deviation; AIDS/HIV: Acquired Immune Deficiency Syndrome/human immunodeficiency viruses-1.

identified among the cases involved digestive organs
(about 35%), the urinary tract (22%), and the lungs
(about 13%); cancers in areas potentially exposed to
prostate cancer radiotherapy accounted for 24% of the
SPCs (the bladder and genitourinary tract, 17.4%, and
the colorectal gastrointestinal tract, 6.8%, respectively).
The types of SPC are detailed in Table S2. The condi-
tional odds ratios for SPCs stratified on cumulative drug
exposure are shown in Table S3.

After applying a one-year lag time, the most fre-
quently identified patterns of exposure concerned expo-
sure > 1 year to ARPIs before the SPC diagnosis, for
patients partially (ENZ: n = 228, ABI: n = 263) or fully
exposed (ENZ: n = 114, ABI: n = 173) (Figure S3; pat-
terns evaluated without the lag time: Figure S4-S5). In
contrast with ENZ, an association of ABI use with the
risk of SPC was found to be significant for one full year
of exposure and for one full year plus part of the second
year of exposure to ABI (OR: 1.8, 97.5% CI [1.2-2.7]
and 2.3 [1.3—4.0], respectively) (Figure 2; Figure S3).
Cumulative drug exposure > 3 years concerned few
patients, thus preventing us from distinguishing
between full and partial exposure; associations with the
risk of SPC were found non-significant although in
opposite directions for ABl and ENZ (OR: 1.5, 97.5% CI
[0.7-3.4], and 0.6 [0.2-2.1], respectively) (Figure 2).

The results are detailed by cancer type in
(Figure 3). Regardless of the pattern of exposure, the
risk of SPC occurrence increased for ABI, but not for
ENZ for digestive cancers and not for either of these
ARPI drugs for pelvic cancers. Analyses were inconclu-
sive for pulmonary cancers, for which the number of
cases was very small. The results of the sensitivity ana-
lyses using the WCE method were non-significant for
both ABI and ENZ exposure Figure S6.

4 | DISCUSSION

Using a 2013-2021 nested case—control study, we esti-
mated SPC incidence to be 1.33 per 100 PY in a
French nationwide cohort of prostate cancer patients,
who were new users of ADT. This incidence was lower
than that estimated in three castration-resistant pros-
tate cancer cohorts in the US, Germany, and Sweden
(5.9 (95% CI: 5.0-6.8), 7.9 (95% CI: 7.0-8.8), 10.2
(95% CI: 9.0-11.5) per 100 PY, respectively) [25,
39, 40]. The difference could relate to the fact that we
did not consider all cancers for the analysis. For
instance, as in the US study, we did not consider non-
melanoma skin cancers in our definition. Another
source of difference could relate to the outcome
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FIGURE 2 Patterns of abiraterone or enzalutamide exposure and related conditional odds ratios. ABI: abiraterone; ENZ: enzalutamide;
SPC: second primary cancer. *A one-year lag time was applied, not considering the year of drug exposure before the SPC initiation date.

identification procedure: using the SNDS database,
SPC diagnoses relied only on in-hospital databases,
probably at a later stage of the disease (early diagno-
ses related to outpatient visits or/and physician files
were not available); an increase in the number of
patient-years could have decreased the incidence rate.
Finally, we could have missed early deaths from
aggressive cancers among patients who did not come
to the hospital. Overall, cancer locations were similar
across studies including ours (urinary/bladder, colon/
non-colorectal, lung), with somewhat different distribu-
tions [25]. The SPC distribution identified in our study is
consistent with that observed in prostate cancer survi-
vors [23, 24]. The interpretation of our results on local-
ized cancers remains difficult, particularly for cancers in
areas potentially irradiated for prostate cancer, as our
data source and study period did not enable us to con-
firm the use of radiotherapy for all patients.

Considering ARPI exposure more in-depth, in our
analysis, few patients had ARPIs switches, allowing
most of our cases of interest to be retained in the case—
control analysis. This is consistent with previous data
indicating that a majority of patients reaching
castration-resistant stage receive only one line of ARPI
during follow-up or before death [41]. Regardless of
how exposure is taken into account, from overall cumu-
lative exposure or from annual patterns, our results
suggest that SPCs were mostly observed among
patients with a relatively short exposure (1 to 2 years,
excluding the year before the SPC initiation date). This
could be compatible with a global detection bias, as
patients who had recently progressed to the castration-
resistant stage probably had more frequent contact with
healthcare professionals. Close monitoring of patients
for whom cancer has progressed and who are using a
new treatment is recommended in order to detect early
treatment failure and/or an adverse drug reaction [1]. In
addition, ABI and ENZ are known to induce adverse
drug reactions in the months following their introduc-
tion, including serious reactions requiring medical care
[42, 43]. However, we cannot exclude a differential bias
due to the fact that the management of patients under

ENZ or ABI differs. In particular, ABI is to be used in
combination with corticosteroids to suppress the action
of the adrenocorticotropic hormone (ACTH) and to limit
the occurrence and severity of hypertension, hypokale-
mia, fluid retention, and cardiac failure [44].

To determine whether there is a truly significant
association between short, recent exposure to ABI or
ENZ and SPC occurrence, a pathophysiological ratio-
nale should be considered. Despite the fact that the
cancer latency time is not always known and can vary
across cancer types, authors have agreed on a period
of several years, and even decades, after carcinogen
exposure [28, 45], which contrasts with our results. In
addition, if a causal relationship existed, we hypothe-
size that ARPIs, especially ENZ, could be carcinogenic
promoters, i.e. drugs that accelerate the progression or
growth of subclinical/premalignant disease [28]. An initi-
ating process, inducing a first clone of neoplastic cells,
mostly through genotoxic effects (e.g. phenacetin and
upper urinary tract cancer [46]; radioactive iodine
and leukemia or solid cancers [47]), and supposing lon-
ger carcinogenic exposure [28], is not plausible.

To take cancer latency and screening bias into
account, we used one-year lag time periods (firstly
ignoring SPC occurring within the first year of the
cohort entry, and secondly, not taking the last year of
exposure before the SPC initiation date into account).
Using longer lag times, as suggested by other
authors [28] could have been a possibility, to the detri-
ment of the follow-up duration. However, this would
have mainly had an interest if an association had been
found, in order to strengthen the controlling for reverse
causality bias. Furthermore, we ran different statistical
models to enable several hypotheses regarding hazard
functions to be taken into account. We first used logistic
regression models which considered cumulative ARPI
exposure. This entails a strong a priori assumption, that
the impact of past exposure on hazard functions is the
same regardless of when the patient was exposed and
for how long. As this could be highly questionable [35],
we analyzed the patterns of ARPI exposure (like
others [48]) which also provided a good description of
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FIGURE 3 Patterns of abiraterone or enzalutamide exposure and related conditional odds ratios stratified by type of SPC. ABI: abiraterone;
ENZ: enzalutamide; SPC: second primary cancer. * The patterns shown involve a one-year lag time, not considering drug exposure in the year
before the cancer diagnosis.

ARPI use from 2013 to 2021. Finally, we tried the control designs [38], and we had little exposure data to
weighted cumulative exposure method, which was spe- input into the model.

cifically developed to take the intensity, duration, and An evaluation of long-term associations was incon-
period of drug exposure [34] into account. However, at  clusive given that in our study, fewer than 60 patients
the time of analysis in our study, the R package was had 3 years or more exposure to ABI or ENZ, excluding
not fully developed for case—controls and nested case—  the year before the SPC initiation date. In addition,
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long-term exposure implies fairly long survival, but at
the metastatic castration-resistant prostate cancer
stage, median overall survival is around 2 to 3 years
[49-51], and about 10% of ABI/ENZ new users died
early in the first year [41]. We need to give clinicians
time to use these treatments at earlier stages of pros-
tate cancer, and then monitor SPC occurrence so as
assess the long-term associations more efficiently.

Among the limitations of this work, we did not take
all specific cancer risk factors, such as smoking, alco-
hol consumption, or environmental exposure, into
account, as they are poorly or not at all identified in our
data source. Residual confounding (especially with
smoking) could not be ruled out as well as a detection
bias; thus, no firm conclusion can be drawn. However,
we assume that comorbidities or risk factors are not
confounders because they do not influence drug choice
(ABI vs ENZ). The date of SPC identified in the SNDS
is potentially later than in reality. But this misclassifica-
tion bias is thought to be non-differential under the
assumption that medical follow-up is more or less com-
parable. Of note, the number of medical doctor (includ-
ing specialist) consultations as well as the
reimbursement of cancer screening measures (includ-
ing biological and imaging) were well balanced (data
not shown). Over the study period, we could not assess
the risks of apalutamide or darolutamide exposure as
they had been marketed too recently.

One of our strengths was the use of a national
claims database, which enabled us to identify a rare
event, SPC, and to carry out analyses by drug expo-
sure; but we acknowledge potentially insufficient infor-
mation on ARPI exposure and SPCs to draw any
definitive conclusions.

5 | CONCLUSION
In a cohort of new ADT users, we estimated that SPC
was a very uncommon event, and this is good news.
The few cases of SPC observed were among patients
recently exposed to ABI or ENZ and for less than
3 years: this was unexpected and could be the result of
chance, or detection bias. Unfortunately, long-term
exposure to ABI or ENZ could not be adequately
assessed, nor exposure to apalutamide or daroluta-
mide. In the meantime, we might conclude that this
study has not identified any alarming signals that would
warrant reconsideration of usual care, or of usual
awareness.
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