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Abstract Purpose: In patients with non-metastatic castration-resistant prostate cancer 
(nmCRPC) in the Androgen Receptor Antagonizing Agent for Metastasis-free Survival 
(ARAMIS) trial, darolutamide significantly improved median metastasis-free survival by 
nearly 2 years and reduced the risk of death by 31% versus placebo, with a favourable safety/ 
tolerability profile. This post hoc analysis of ARAMIS evaluated efficacy and safety in pa-
tients by number of comorbidities and concomitant medications.
Methods: Patients with nmCRPC were randomised 2:1 to darolutamide (n = 955) or placebo 
(n = 554) while continuing androgen-deprivation therapy. Overall survival (OS) and 
treatment-emergent adverse events (TEAEs) were evaluated in subgroups by median numbers 
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of ongoing comorbidities and concomitant medications. HRs were determined from uni-
variate analysis using Cox regression.
Findings: Median numbers of comorbidities and concomitant medications were 6 and 10, 
respectively, with 41.6% of patients having > 6 comorbidities and 48.8% taking > 10 con-
comitant medications. For patients with ≤ 6 and > 6 comorbidities, darolutamide increased 
OS versus placebo (hazard ratio [HR] 0.65 and 0.73, respectively), and this benefit was con-
sistent for cardiovascular, metabolic, and other comorbidities (HR range: 0.39–0.88). For 
patients taking ≤ 10 and > 10 concomitant medications, increased OS was also observed with 
darolutamide versus placebo (HR 0.76 and 0.66, respectively), and the benefit was consistent 
across medication classes (HR range: 0.45–0.80). Incidences of TEAEs and TEAEs leading to 
treatment discontinuation with darolutamide were similar to placebo across subgroups by 
numbers of comorbidities and concomitant medications.
Conclusions: The OS benefit and safety of darolutamide remained consistent with that ob-
served in the overall ARAMIS population, even in patients with high numbers of co-
morbidities or concomitant medications.
ClinicalTrials.gov registration: NCT02200614.
Tweetable abstract: Darolutamide increased overall survival versus placebo, and incidences of 
most adverse events were similar between treatments in patients with ≤ 6 or > 6 comorbidities 
and those taking ≤ 10 or > 10 concomitant medications.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Patients with non-metastatic castration-resistant prostate 
cancer (nmCRPC) are usually elderly and have co-
morbidities that are treated with various medications [1,2]. 
As a result, some of these patients have an increased health 
care and drug burden that may lead to diminished physical 
function, attention, and concentration [3]. Polypharmacy 
is typically defined as use of 5 or more daily medications 
and is associated with an increased risk of adverse events 
and drug–drug interactions (DDIs) [4]. DDIs with clinical 
relevance may manifest as an increase in adverse events or 
a decline in therapeutic activity, potentially leading to 
compromised clinical outcomes [2,5]. Minimising risks 
associated with DDIs from polypharmacy is an important 
component of optimal care for patients with nmCRPC. 
Thus, treatment selection for these patients should con-
sider treatment efficacy as well as the safety, tolerability, 
and DDI profile of medications [1,2]. Currently, limited 
data are available on the effects of underlying comorbid-
ities and concomitant medications on outcomes for pa-
tients with nmCRPC [6].

In the phase 3 Androgen Receptor Antagonizing Agent 
for Metastasis-free Survival (ARAMIS) trial in patients 
with nmCRPC, the androgen receptor inhibitor (ARi) 
darolutamide improved median metastasis-free survival by 
almost 2 years and reduced the risk of death by 31% 
compared with placebo [7,8]. Darolutamide also demon-
strated a favourable safety and tolerability profile with 
similar discontinuation rates due to treatment-emergent 
adverse events (TEAEs) in the darolutamide and placebo 
groups (8.9% and 8.7%, respectively). Darolutamide is 
structurally distinct and a highly potent ARi, with low 
blood–brain barrier penetration and a limited potential for 
clinically relevant DDIs [5,9–12]. This post hoc analysis of 

ARAMIS evaluated efficacy and safety outcomes of dar-
olutamide in patients by number of ongoing comorbidities 
and use of concomitant medications.

2. Methods

The study design and methodology of ARAMIS have 
been previously published [7]. Briefly, this global, mul-
ticentre, double-blind, phase 3 trial randomised (2:1) 
adult patients with nmCRPC to darolutamide 600 mg 
twice daily (n = 955) or placebo (n = 554), in addition to 
ongoing androgen-deprivation therapy (ADT). Key in-
clusion criteria were baseline prostate-specific antigen 
(PSA) level ≥ 2 ng/mL, a PSA doubling time ≤ 10 
months, and an Eastern Cooperative Oncology Group 
performance status (ECOG PS) of 0 or 1. Assessment 
visits occurred every 16 weeks, and patients continued 
treatment until protocol-defined progression, dis-
continuation due to TEAEs, or withdrawal of consent. 
The trial protocol is available at https://clinicaltrials. 
gov/ProvidedDocs/14/NCT02200614/Prot_002.pdf.

For this post hoc analysis, the end-points were overall 
survival (OS) and TEAEs, defined as adverse events that 
occurred after the start of treatment and graded ac-
cording to the National Cancer Institute Common 
Terminology Criteria for Adverse Events (v4.03). These 
end-points were analysed for subgroups of patients based 
on median numbers of comorbidities and concomitant 
medications ongoing at baseline. The frequencies of in-
dividual comorbidities were reported and grouped by 
preferred terms from the most common (occurring in 
> 5% of the total ARAMIS population) ongoing co-
morbid conditions by Shore et al using the Medical 
Dictionary for Regulatory Activities (MedDRA) [5]. 
Cardiovascular comorbidities included hypertension, 
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cardiac arrhythmias, and coronary artery disorders, in-
cluding myocardial ischaemia. Metabolic comorbidities 
included obesity, lipid metabolism disorders, and various 
forms of diabetes mellitus. Other comorbidities included 
renal insufficiency, joint disorders, and gastrointestinal 
mobility and defecation disorders (gastroesophageal re-
flux disease and constipation).

Using all recorded medications ongoing at baseline of 
ARAMIS, concomitant medications subgroups were de-
fined by classes and subclasses of medications per Shore 
et al [5]. Cardiovascular medications were divided into 
antihypertensives, including agents acting on the 
renin–angiotensin system, beta-blockers, calcium-channel 
blockers, and diuretics, and non-antihypertensives, in-
cluding antithrombotics (antiplatelet agents and 
anticoagulants), lipid-modifying agents, cardiac therapy 
(glycosides, antiarrhythmics, and antianginals), and vaso-
protectives. Medications used for pain and inflammation 
included analgesics, anti-inflammatory and disease-mod-
ifying antirheumatic products, and systemic corticoster-
oids. Medications for gastrointestinal and metabolic 
disorders included drugs for acid-related disorders, anti-
diabetics, antidiarrhoeals, intestinal anti-inflammatory and 
anti-infective agents, and drugs for constipation. Medica-
tions for urologic disorders included drugs for erectile 
dysfunction, benign prostatic hyperplasia, and overactive 
bladder; medications used for ADT were not included.

2.1. Statistical analysis

Data used for this analysis were from the final data cutoff 
date of 15th November 2019, for the double-blind period, 
which was defined as the time from randomisation to the 
start date of the open-label period. The data cutoff date 
for the Shore et al [5] publication was 17th January 2019. 
Forest plots of OS were generated with hazard ratios 
(HRs) and 95% confidence intervals (CIs) determined 
from univariate analysis using Cox regression. The 95% 
CIs were not controlled for multiple comparisons.

3. Results

In the ARAMIS study population, the median number 
of comorbidities was 6 and the median number of 
concomitant medications was 10, excluding ADT. 
Overall, 42.4% of patients receiving darolutamide and 
40.1% of patients receiving placebo had > 6 comorbid-
ities, and 48.6% of patients receiving darolutamide and 
49.3% of patients receiving placebo had > 10 con-
comitant medications. Eleven patients receiving dar-
olutamide and 6 patients receiving placebo had no 
comorbidities. Cardiovascular and metabolic co-
morbidities (including diabetes) were most common, 
occurring in 73.3% and 73.2% of patients receiving 
darolutamide, respectively, and 71.5% and 74.2% of 
patients receiving placebo, respectively. Data on con-
comitant medications were missing for 10 patients 

receiving darolutamide and 11 patients receiving pla-
cebo. Among patients assigned to darolutamide and 
placebo, the most common concomitant medication 
subgroups were antihypertensive medications (70.3% 
and 67.1%, respectively), medications for pain and 
inflammation (67.5% and 65.7%, respectively), and 
non-antihypertensive medications for cardiovascular 
disease (64.1% and 65.7%, respectively). Medications for 
gastrointestinal and metabolic disorders were reported 
in 52.5% and 54.0% and medications for urologic dis-
orders were reported in 32.0% and 32.9% of patients in 
the darolutamide and placebo groups, respectively.

Demographics and baseline characteristics were 
generally consistent across patient subgroups by median 
numbers of comorbidities and concomitant medications 
(Table 1). For patients with > 6 comorbidities or > 10 
concomitant medications, median time from diagnosis 
to study treatment was longer and more patients re-
ceived bone-sparing agents compared with those with 
fewer comorbidities or concomitant medications. More 
patients with > 6 comorbidities had an ECOG PS of 1 
versus those with ≤ 6 comorbidities.

Darolutamide increased OS compared with placebo 
with similar HRs in terms of reduction in risk of death 
in patients with ≤ 6 comorbidities (HR 0.65; 95% CI 
0.45–0.93) and in patients with > 6 comorbidities 
(HR 0.73; 95% CI 0.51–1.04; Fig. 1). The survival 
benefit of darolutamide versus placebo was generally 
consistent in patients with cardiovascular disorders 
(hypertension HR 0.67; arrhythmias HR 0.49; coronary 
artery disorders HR 0.51), metabolic disorders (obesity 
HR 0.65; lipid disorders HR 0.65; diabetes HR 0.88), 
and other comorbidities (renal insufficiency HR 0.67; 
joint disorders HR 0.70; gastrointestinal disorders 
HR 0.39) (Fig. 2). Overall survival results for darolutamide 
versus placebo were also comparable among patients re-
ceiving ≤ 10 concomitant medications (HR 0.76; 95% CI 
0.52–1.11) and patients receiving > 10 concomitant medi-
cations (HR 0.66; 95% CI, 0.47–0.92; Fig. 1). Patients re-
ceiving various classes of medications achieved a consistent 
trend of OS benefit with darolutamide versus placebo, with 
HRs ranging from 0.45 to 0.80 (Fig. 3).

The incidences of TEAEs, grade 3/4 TEAEs, and 
serious TEAEs were higher in both arms for patients with 
> 6 comorbidities and for patients with > 10 concomitant 
medications compared with patients with fewer co-
morbidities and concomitant medications (Table 2). In-
cidences of most TEAEs, grade 3/4 TEAEs, and serious 
TEAEs were similar between darolutamide and placebo 
for each subgroup of patients based on the median 
numbers of comorbidities and concomitant medications. 
Among TEAEs commonly associated with ARi therapy, 
incidences of hypertension, fracture, fall, and mental 
impairment were similar between darolutamide and pla-
cebo in patient subgroups by comorbidities and con-
comitant medications. Incidences of rash and fatigue 
were generally comparable to the overall study 
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population of ARAMIS (Table 2). Notably, TEAEs 
leading to permanent discontinuation of study drug were 
similar between darolutamide and placebo, even in pa-
tients with > 10 concomitant medications (10.8% and 
10.6%, respectively).

4. Discussion

The ARAMIS population consisted of patients with 
nmCRPC with a median age of 74 years, a median of 6 
comorbidities, and a median of 10 concomitant medica-
tions. In this post hoc analysis of ARAMIS, the OS 
benefit and safety of darolutamide compared with pla-
cebo were consistent across subgroups by numbers of 
comorbidities and concomitant medications and with the 

overall population. Incidences of most TEAEs, except 
fatigue and rash, as well as the incidences of grade 3/4 
TEAEs, serious TEAEs, and TEAEs leading to dis-
continuation, were similar between darolutamide and 
placebo in each subgroup, including patients with high 
numbers of comorbidities and concomitant medications.

The results of this post hoc analysis add to available 
information regarding the treatment benefit, toler-
ability, and safety profile of darolutamide in various 
patient subgroups [13]. Darolutamide had a consistently 
favourable impact on OS in prespecified subgroup 
analyses of ARAMIS [8], which included various age 
groups and ECOG performance status. The survival 
benefit of darolutamide was also similar among patients 
with a PSA doubling time of ≤ 6 months (HR 0.55; 
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0.400 0.500 0.600 0.700 0.800 0.900 1.000 1.100 1.200
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comorbidities:

>6 (n=627, D=129)a

Overall
(N=1509, D=254)

Hazard Ratio
0.400 0.500 0.600 0.700 0.800 0.900 1.000 1.100

Fig. 1. Forest plots for HRs of overall survival for subgroups of patients by median numbers of comorbidities and concomitant medi-
cations. D, number of patients with an event (death); D/P, darolutamide/placebo; HR, hazard ratio. aDoes not include data for patients 
without comorbidities (darolutamide, n = 11; placebo, n = 6); bData on concomitant medications were missing for 10 patients receiving 
darolutamide and 11 patients receiving placebo.
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Fig. 2. Forest plots of overall survival for darolutamide versus placebo by comorbidity groups. D, number of patients with an event 
(death); D/P, darolutamide/placebo; eGFR, estimated glomerular filtration rate.



95% CI 0.35–0.88) and those with a PSA doubling time 
of ≥ 6 months (HR 0.74; 95% CI 0.55–0.99) [8,14]. In 
addition, darolutamide maintained health-related 
quality of life in patients with nmCRPC by significantly 
(P  <  0.01) delaying the time to deterioration in prostate 
cancer-specific quality of life and urinary and bowel 
symptoms versus placebo [15,16]. The effects of dar-
olutamide on local symptom control were also evident 
in fewer prostate cancer–related invasive procedures and 
similar incidences of urinary and bowel TEAEs versus 
placebo [16]. These outcomes offer important informa-
tion for treatment selection in this population of pa-
tients who are generally asymptomatic and may receive 
treatment for prolonged periods of time.

The observed number of concomitant medications in 
the ARAMIS population is consistent with other reports 
of older patients with cancer, in whom the mean or 
median number of reported concomitant medications was 
11 [4,17]. One of these studies evaluated 105 patients re-
ceiving enzalutamide for metastatic CRPC and found that 
85% of patients were using at least 1 concomitant medi-
cation that interacted with enzalutamide and required 
treatment modification [17]. In another study of 86 pa-
tients with metastatic CRPC who received enzalutamide, 
93% of patients had a potential DDI, with the highest risk 
of interactions occurring with drugs acting on the cardi-
ovascular and nervous systems [18]. DDIs may lead to 
increased TEAEs, as shown in a retrospective review of 
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Fig. 3. Forest plots of overall survival for darolutamide versus placebo by class and subclass of concomitant medications. D, number of 
patients with an event (death); D/P, darolutamide/placebo; GI, gastrointestinal.



404 older patients with cardiovascular disease, in whom 
the most common potential interactions were drugs with 
an additive central nervous system–depressant effect [19]. 
A meta-analysis and systematic literature review of older 
patients with cancer found an association between poly-
pharmacy and falls in 3 studies [20]. The risk of falls and 
other central nervous system–related adverse events in 
patients with polypharmacy should be considered when 
selecting anticancer drugs that will be given over extended 
periods of time. This is especially relevant for drugs such 
as enzalutamide and apalutamide that have higher in-
cidences of central nervous system side effects, such as 
falls and mental impairment disorders compared with 
placebo, and a higher potential for clinically relevant 
DDIs [21–23]. By contrast, the incidence of these TEAEs 
of interest were similar between patients receiving dar-
olutamide and those receiving placebo and darolutamide 
has been shown to have limited potential for DDIs in the 
ARAMIS study [5,7,8].

These findings highlight the importance of considering 
the impact of polypharmacy on the choice of drugs used for 
treatment of patients with nmCRPC [5,24]. The results of 
this post hoc analysis of ARAMIS suggest that the efficacy 
and safety of darolutamide are not impacted by commonly 
used concomitant medications in this population [5,11]. 
Darolutamide has been previously shown to have a low 
potential to interact with medications commonly used to 
treat comorbidities in the nmCRPC population, such as 
calcium-channel blockers and anticoagulants [5,11]. A 
subgroup analysis of ARAMIS patients who used statins 
versus non-users found no imbalance in treatment effects 
and the incidence of adverse events was similar between 

treatment groups, suggesting minimal effect of these DDIs 
[5,7]. Darolutamide inhibits the breast cancer resistance 
protein (BCRP) transporter, leading to a potential increase 
in exposure of BCRP substrates, such as rosuvastatin, 
which should be taken into consideration. In contrast, en-
zalutamide and apalutamide have been shown to induce 
key enzymes responsible for drug metabolism, including 
cytochrome P 450 3A4, 2C8, 2C9, and 2C19, and apalu-
tamide has the potential to interact with drug transporters 
[25–27]. The effect of enzyme or transporter induction may 
result in lower concentrations of the coadministered drug 
(e.g. omeprazole, warfarin, and rosuvastatin), potentially 
leading to suboptimal clinical outcomes for related co-
morbid conditions.

The results of this analysis are limited by their post 
hoc nature, potential for selection bias, and small po-
pulations for certain comorbidities and concomitant 
medications. Patients were grouped by the number of 
comorbidities and concomitant medications without 
considering their potential prognostic implications. The 
ongoing PEACE-6 Vulnerable trial (NCT04916613) 
may add to the evidence regarding use of darolutamide 
in patients with limited functional ability and co-
morbidities who are not considered candidates for 
docetaxel or other androgen receptor pathway in-
hibitors. This international, multicentre, phase 3, ran-
domised, double-blind, placebo-controlled trial will 
assess the effect of darolutamide versus placebo, in ad-
dition to ADT, on standard disease-related endpoints, 
including radiographic and clinical progression-free 
survival, time to CRPC, and OS, as well as health-re-
lated quality of life and geriatric status in patients with 
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Table 2 
Treatment-emergent adverse events for subgroups of patients by median numbers of comorbidities and concomitant medications. 

AE, n (%) Comorbiditiesa Concomitant medicationsb Overall ARAMIS 
population

≤ 6 > 6 ≤ 10 > 10

DARO  
(n = 538)

PBO  
(n = 326)

DARO  
(n = 405)

PBO  
(n = 222)

DARO  
(n = 481)

PBO  
(n = 270)

DARO  
(n = 464)

PBO  
(n = 273)

DARO  
(n = 954c)

PBO  
(n = 554)

Any 447 (83.1) 242 (74.2) 366 (90.4) 195 (87.8) 371 (77.1) 184 (68.1) 442 (95.3) 248 (90.8) 818 (85.7) 439 (79.2)
Grade 3/4 127 (23.6) 58 (17.8) 124 (30.6) 61 (27.5) 67 (13.9) 36 (13.3) 183 (39.4) 82 (30.0) 251 (26.3) 120 (21.7)
Serious 118 (21.9) 59 (18.1) 131 (32.3) 61 (27.5) 65 (13.5) 33 (12.2) 183 (39.4) 85 (31.1) 249 (26.1) 121 (21.8)
AE leading to 
permanent study 
drug discontinuation

43 (8.0) 20 (6.1) 42 (10.4) 28 (12.6) 35 (7.3) 17 (6.3) 50 (10.8) 29 (10.6) 85 (8.9) 48 (8.7)

AEs of interest
Fatigue 49 (9.1) 19 (5.8) 76 (18.8) 27 (12.2) 42 (8.7) 12 (4.4) 84 (18.1) 33 (12.1) 126 (13.2) 46 (8.3)
Hypertension 43 (8.0) 23 (7.1) 30 (7.4) 13 (5.9) 29 (6.0) 15 (5.6) 44 (9.5) 21 (7.7) 74 (7.8) 36 (6.5)
Fracture 29 (5.4) 8 (2.5) 23 (5.7) 12 (5.4) 21 (4.4) 5 (1.9) 31 (6.7) 15 (5.5) 52 (5.5) 20 (3.6)
Fall 23 (4.3) 14 (4.3) 27 (6.7) 13 (5.9) 13 (2.7) 7 (2.6) 36 (7.8) 18 (6.6) 50 (5.2) 27 (4.9)
Rash 15 (2.8) 2 (0.6) 15 (3.7) 4 (1.8) 7 (1.5) 2 (0.7) 23 (5.0) 4 (1.5) 30 (3.1) 6 (1.1)
Mental 
impairment

9 (1.7) 4 (1.2) 10 (2.5) 6 (2.7) 7 (1.5) 3 (1.1) 12 (2.6) 7 (2.6) 19 (2.0) 10 (1.8)

AE, adverse event; ARAMIS, Androgen Receptor Antagonizing Agent for Metastasis-free Survival; DARO, darolutamide; PBO, placebo.
a Not including data for patients without comorbidities (DARO, n = 11; PBO, n = 6).
b Data on concomitant medications missing for 10 patients receiving DARO and 11 patients receiving PBO.
c One patient randomised to DARO did not receive treatment and was excluded from the safety analysis.  



decreased functional ability, chronic illnesses, and me-
tastatic prostate cancer.

The results from this subgroup analysis of ARAMIS, 
even among patients with a high number of comorbid-
ities and patients with a high number of concomitant 
medications, are consistent with the overall ARAMIS 
population, showing improved OS with darolutamide 
versus placebo and a favourable safety and tolerability 
profile of darolutamide. A plain-language summary of 
this report is available in the online Supplementary 
Material.
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