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Abstract

Background and objective: Addition of darolutamide to androgen deprivation therapy
(ADT) and docetaxel significantly improved overall survival (OS) in ARASENS
(NCT02799602). Here we report on prostate-specific antigen (PSA) responses and their
association with outcomes.
Methods: ARASENS is an international, double-blind, phase 3 study in patients with
metastatic hormone-sensitive prostate cancer (mHSPC) randomized to darolutamide
600 mg orally twice daily (n = 651) or placebo (n = 654), both with ADT + docetaxel.
The proportion of patients with undetectable PSA (<0.2 ng/ml) and time to PSA progres-
sion (�25% relative and �2 ng/ml absolute increase from nadir) were compared between
groups in prespecified exploratory analyses. PSA outcomes by disease volume and the
association of undetectable PSA with OS and times to castration-resistant prostate can-
cer (CRPC) and PSA progression were assessed in post hoc analyses.
Key findings and limitations: The proportion of patients with undetectable PSA at any
time was more than doubled with darolutamide versus placebo, at 67% versus 29% in
sevier B.V. on behalf of European Association of Urology. This is an open access article
mons.org/licenses/by-nc-nd/4.0/).

* Corresponding author. University of Montreal Hospital Center, 900 Rue St-Denis, Montréal, Québec
H2X 0A9, Canada. Tel. +1 514 8908000 ext. 36446; Fax: +1 514 4127620
E-mail address: fred.saad@umontreal.ca (F. Saad).

mail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
o se permiten otros usos sin autorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/j.eururo.2024.03.036
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eururo.2024.03.036&domain=pdf
mailto:fred.saad@umontreal.ca
https://doi.org/10.1016/j.eururo.2024.03.036
https://doi.org/10.1016/j.eururo.2024.03.036


E U R O P E A N U R O L O G Y 8 6 ( 2 0 2 4 ) 3 2 9 – 3 3 9330
Overall survival
Prostate-specific antigen
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the overall population, 62% versus 26% in the high-volume subgroup, and 84% versus 38%
in the low-volume subgroup. Darolutamide delayed time to PSA progression versus pla-
cebo, with hazard ratios of 0.26 (95% confidence interval [CI] 0.21–0.31) in the overall
population, 0.30 (95% CI 0.24–0.37) in the high-volume subgroup, and 0.093 (95% CI
0.047–0.18) in the low-volume subgroup. Undetectable PSA at 24 wk was associated
with longer OS, with a hazard ratio of 0.49 (95% CI 0.37–0.65) in the darolutamide group,
as well as longer times to CRPC and PSA progression, with similar findings in the disease
volume subgroups.
Conclusions and clinical implications: Darolutamide + ADT + docetaxel led to deep and
durable PSA responses in patients with high- or low-volume mHSPC. Achievement of
undetectable PSA (<0.2 ng/ml) was correlated with better clinical outcomes.

� 2024 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
ADVANCING PRACTICE

What does this study add?
Our study adds to the literature identifying the important association between undetectable prostate-specific antigen
(PSA) levels and clinical outcomes in patients with metastatic hormone-sensitive prostate cancer (mHSPC), including
high- or low-volume disease. We demonstrated that darolutamide plus androgen deprivation therapy (ADT) with doc-
etaxel led to deep and durable PSA responses: 67% of patients overall reached PSA less than 0.2 ng/ml, including 62%
in the high-volume subgroup and 84% in the low-volume subgroup (deep response); time to PSA progression was pro-
longed with darolutamide compared with placebo (HR 0.26, 95% CI 0.21–0.31; durable response). Deep PSA response
(<0.2 ng/ml) was associated with longer overall survival, delayed progression to castration-resistant disease, and a longer
time to PSA progression, regardless of disease volume, compared with patients who did not reach PSA less than 0.2 ng/ml.

Clinical Relevance
The landmark ARASENS trial ushered in an era of triplet therapy for metastatic hormone-sensitive prostate cancer for
those patients who are fit for docetaxel chemotherapy. This important post hoc analysis shows the addition of darolu-
tamide to docetaxel and androgen deprivation therapy more than doubles the rate of undetectable PSA. Of note, PSA
decline to undetectable values at week 24 post-treatment is associated with relevant oncological outcomes, including
time to castration resistance and overall survival, both for the low- and high-volume disease subgroups. These data sup-
port the utility of PSA monitoring as a manner of helping clinicians provide prognostics while patients balance multi-
modal therapy, and set the basis of possible de-escalation strategies in select good responders.
Associate Editor: Gianluca Giannarini, MD

Patient Summary
For patients with metastatic hormone-sensitive prostate cancer being treated with androgen deprivation therapy and
docetaxel, PSA (prostate-specific antigen) became undetectable (below 0.2 ng/ml) in 67% of those also receiving darolu-
tamide versus 29% of patients also receiving placebo. On average, patients achieving undetectable PSA lived longer than
patients with detectable PSA.
1. Introduction

Metastatic hormone-sensitive prostate cancer (mHSPC) is a
heterogeneous disease that can progress rapidly to
castration-resistant disease, with an associated decrease in
survival [1–3]. Identification of potential predictors of pro-
gression can guide treatment in clinical practice. Measure-
ment of prostate-specific antigen (PSA) is an established
tool for screening, diagnosis, and treatment monitoring in
prostate cancer [4,5]. Results have shown that reductions
in PSA to undetectable levels (�0.2 ng/ml) in patients with
mHSPC were associated with, or showed surrogacy for, bet-
ter clinical outcomes, including overall survival (OS) [6–11].
mail.com) en National Library o
o se permiten otros usos sin auto
Darolutamide is a structurally distinct and highly potent
androgen receptor (AR) inhibitor with low blood-brain bar-
rier penetration and limited potential for drug-drug interac-
tions [12–16]. In patients with nonmetastatic castration-
resistant prostate cancer (nmCRPC), darolutamide plus
androgen deprivation therapy (ADT) significantly reduced
the risk of death and improved metastasis-free survival ver-
sus placebo plus ADT in the phase 3 ARAMIS study [17,18].
The efficacy and safety of darolutamide plus ADT and doc-
etaxel versus in patients with mHSPC were assessed in the
phase 3 ARASENS study, in which darolutamide signifi-
cantly reduced the risk of death by 32.5% versus placebo
(hazard ratio [HR] 0.68, 95% confidence interval [CI] 0.57–
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
rización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.
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0.80; p < 0.0001) over median follow-up of 43.7 mo in the
darolutamide group and 42.4 mo in the placebo group
[19]. The OS benefit of darolutamide over placebo was seen
in patients with high-volume disease (HR 0.69, 95% CI 0.57–
0.82) and the smaller subgroup with low-volume disease
(HR 0.68, 95% CI 0.41–1.13) [20]. Darolutamide significantly
improved clinically relevant secondary endpoints versus
placebo, including time to CRPC in the overall population
and in the high- and low-volume subgroups [19,20]. Here
we present PSA outcomes and assess the association of
PSA with clinical endpoints in the overall ARASENS popula-
tion and by disease volume.

2. Patients and methods

2.1. Study design and participants

ARASENS (NCT02799602) is an international, randomized,
double-blind, placebo-controlled, phase 3 trial of darolu-
tamide versus placebo, both in combination with ADT and
docetaxel, in patients with mHSPC. The methods have been
reported previously [19] and are summarized here.

Key eligibility criteria included age �18 yr, Eastern Coop-
erative Oncology Group performance status 0 or 1, histolog-
ically or cytologically confirmed prostate cancer with
metastases beyond the regional lymph nodes (LNs) detected
on bone scans, computed tomography, or magnetic reso-
nance imaging, and no prior ADT (>12 wk before random-
ization), second-generation AR pathway inhibitors,
chemotherapy, or immunotherapy.

Patients were randomized 1:1 to receive darolutamide
600 mg orally twice daily or placebo, both with standard
ADT and six cycles of docetaxel 75 mg/m2. Randomization
was stratified by metastatic stage (nonregional LN metas-
tases only, bone metastases ± LN metastases, or visceral
metastases ± bone or LN metastases) and alkaline phos-
phatase (ALP) level (< or � upper limit of normal).

2.2. Assessments

Serum PSA was measured at screening and every 12 wk
thereafter until approximately 30 days after the last dose
of study drug. Undetectable PSA rates, relative PSA response
rates, and time to PSA progression were prespecified
exploratory analyses. Undetectable PSA was defined as an
absolute PSA level <0.2 ng/ml on two postbaseline measure-
ments �3 wk apart. Relative PSA responses were defined as
reductions in PSA of �50% (PSA50) or �90% (PSA90) from the
screening value on two postbaseline measurements �3 wk
apart. PSA response rates at 12, 24, 36, and 52 wk and at
any time during treatment were recorded. PSA progression
was defined as a relative PSA increase of �25% above the
PSA nadir (lowest value at or after baseline) and an absolute
increase of �2 ng/ml above the nadir �12 wk after random-
ization, both of which had to be confirmed by a second
assessment �3 wk later, with serum testosterone at castrate
levels (<0.5 ng/ml) [4,21]. Time to PSA progression was
defined as the time from randomization to the date of first
PSA progression.

Association of undetectable PSA at 24 and 36 wk with OS,
time to CRPC, and time to PSA progression was assessed in
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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post hoc analyses in which differences in these time-to-
event endpoints were compared between subgroups of
patients who had versus had not achieved undetectable
PSA at 24 wk and in those who had versus had not achieved
undetectable PSA at 36 wk.

Post hoc analyses of undetectable PSA, PSA50, and PSA90

rates, time to PSA progression, and the association of PSA
with clinical outcomes were conducted in subgroups with
high-volume and low-volume disease. High-volume disease
was defined according to the CHAARTED criteria [22] as the
presence of visceral metastases or at least four bone lesions,
with at least one beyond the vertebral bodies and pelvis.

2.3. Statistical analyses

Undetectable PSA and relative PSA response rates were
compared between treatment groups using the Cochran-
Mantel-Haenszel test, stratified by randomization factors
(extent of metastatic disease and ALP levels). Time to PSA
progression was compared between treatment groups using
Kaplan-Meier estimates, with HRs and 95% CIs based on Cox
regression modeling, stratified by randomization factors.
For time to PSA progression, patients were censored at the
date of last PSA assessment, before treatment discontinua-
tion, before two or more consecutive missed scheduled
PSA assessments, or at data cutoff. For time to CRPC, censor-
ing occurred at the date of the last PSA or radiology assess-
ment (whichever occurred later), before subsequent
therapy, before two or more consecutive missed scheduled
PSA assessments, or at data cutoff.

The association of undetectable versus detectable PSA at
24 and 36 wk with clinical outcomes was compared using
HRs and 95% CIs based on Cox regression modeling strati-
fied by randomization factors. Event rates for OS were cal-
culated at 3 yr and 4 yr after the PSA landmarks using
Kaplan-Meier methods.

Patient demographics, baseline characteristics, and
treatment-emergent adverse events (TEAEs) are reported
descriptively for the two treatment groups in subgroups of
patients with undetectable versus detectable PSA after
starting treatment.

3. Results

3.1. Patients

Of 1305 patients included in the full analysis set, 651
received darolutamide and 654 received placebo, each in
combinationwith ADT and docetaxel (Supplementary Fig. 1).

Demographics and baseline characteristics were gener-
ally similar for subgroups with undetectable versus detect-
able PSA after treatment initiation (Table 1). Undetectable
PSA was achieved independently of age subgroup, Gleason
score, and metastatic stage at screening. At baseline, med-
ian ALP and PSA levels and the proportion of patients with
high-volume disease were lower in the subgroup that went
on to achieve undetectable PSA at any time after starting
treatment versus the subgroup with detectable PSA during
treatment.

Overall, 87% of patients (darolutamide group 88%; pla-
cebo group 86%) received six cycles of docetaxel, including
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
zación. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Table 1 – Patient demographics and clinical characteristics at baseline in the overall ARASENS population and in subgroups achieving
undetectable (<0.2 ng/ml) versus detectable (≥0.2 ng/ml) PSA at any time after baseline

Parameter Undetectable PSA post baseline Detectable PSA post baseline All patients
(N = 1305)

Daro
(n = 438)

PCB
(n = 187)

Daro
(n = 213)

PCB
(n = 467)

Median age, yr (IQR) 67 (62–72) 68 (62–72) 68 (60–73) 67 (62–73) 67 (62–72)
ECOG PS, n (%)
0 326 (74) 141 (75) 140 (66) 321 (69) 928 (71)
1 112 (26) 45 (24) 73 (34) 146 (31) 375 (29)

GS �8 at initial Dx, n (%) 335 (77) 134 (72) 170 (80) 382 (82) 1021 (78)
M stage at screening, n (%)
M1a (nonregional LN only) 19 (4.3) 5 (2.7) 4 (1.9) 11 (2.4) 39 (3.0)
M1b (bone ± LN) 351 (80) 149 (80) 166 (78) 371 (79) 1037 (80)
M1c (visceral ± LN or bone) 68 (16) 33 (18) 43 (20) 85 (18) 229 (18)

Disease volume, n (%)a

High volume 309 (71) 131 (70) 188 (88) 377 (81) 1005 (77)
Low volume 129 (29) 56 (30) 25 (12) 90 (19) 300 (23)

Median PSA, ng/ml (IQR) 17 (3.2–111) 6.8 (1.0–37) 81 (17–297) 36 (8.3–164) 28 (4.8–134)
Median ALP, U/l (IQR) 119 (81–253) 104 (79–190) 255 (121–567) 156 (97–434) 143 (88–354)
ALP �ULN, n (%) 206 (47) 78 (42) 155 (73) 285 (61) 724 (56)

ADT = androgen deprivation therapy; ALP = alkaline phosphatase; Daro = darolutamide + ADT + docetaxel; Dx = diagnosis; ECOG PS = Eastern Cooperative
Oncology Group performance status; GS = Gleason score; IQR = interquartile range; LN = lymph node; PCB = placebo + ADT + docetaxel; PSA = prostate-specific
antigen; ULN = upper limit of normal.
a High disease volume defined according to the CHAARTED criteria [22] as the presence of visceral metastases or at least four bone lesions, with at least one
beyond the vertebral bodies and pelvis.

Table 2 – Proportion of patients with undetectable prostate-specific antigen (<0.2 ng/ml) over time in the overall population and the disease
volume subgroups

Time Overall population High-volume diseasea Low-volume disease

Patients, n (%) RD, %
(95% CI)

Patients, n (%) RD, %
(95% CI)

Patients, n (%) RD, %
(95% CI)

Daro
(n = 651)

PCB
(n = 654)

Daro
(n = 497)

PCB
(n = 508)

Daro
(n = 154)

PCB
(n = 146)

12 wk 197 (30) 103 (16) 15 (10–19) 127 (26) 72 (14) 12 (6.7–16) 70 (45) 31 (21) 24 (14–34)
24 wk 317 (49) 156 (24) 25 (20–30) 214 (43) 110 (22) 22 (16–27) 103 (67) 46 (32) 36 (25–46)
36 wk 372 (57) 164 (25) 32 (27–37) 255 (51) 114 (22) 29 (24–35) 117 (76) 50 (34) 41 (31–52)
52 wk 392 (60) 171 (26) 34 (29–39) 272 (55) 120 (24) 32 (26–37) 120 (78) 51 (35) 42 (32–53)
Any time 438 (67) 187 (29) 39 (34–44) 309 (62) 131 (26) 37 (31–42) 129 (84) 56 (38) 45 (35–55)

ADT = androgen deprivation therapy; CI = confidence interval; Daro = darolutamide + ADT + docetaxel; PCB = placebo + ADT + docetaxel; RD = rate difference.
a High disease volume defined according to the CHAARTED criteria [22] as the presence of visceral metastases or at least four bone lesions, with at least one
beyond the vertebral bodies and pelvis.
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93% of patients who achieved undetectable PSA at any time
and 80% of those who had detectable PSA.

In the overall population, median PSA at randomization
was 30 ng/ml (interquartile range [IQR] 5.3–158) in the
darolutamide group and 24 ng/ml (4.4–117) in the placebo
group. In the darolutamide group, median PSA was 39 ng/ml
(IQR 7.1–190) in the high-volume subgroup and 12 ng/ml
(IQR 1.9–65) in the low-volume subgroup. In the placebo
group, median PSA was 28 ng/ml (IQR 5.4–135) in the
high-volume subgroup and 14 ng/ml (IQR 1.9–59) in the
low-volume subgroup.
3.2. PSA response and time to PSA progression

Darolutamide was associated with deep and durable PSA
responses. In the overall population, the proportion of
patients with undetectable PSA (<0.2 ng/ml) at any time
after starting treatment up to data cutoff on October 25,
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library o
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2021 was more than doubled in the darolutamide group
(67%) versus the placebo group (29%). The difference
between treatment groups was apparent as early as 12
wk, and the rate difference between the darolutamide and
placebo groups further increased throughout the study
(Table 2). Higher undetectable PSA rates with darolutamide
versus placebo were consistently achieved in the high-
volume and low-volume subgroups (Table 2). PSA50 and
PSA90 response rates also favored darolutamide over pla-
cebo throughout the study, with similar results in the vol-
ume subgroups (Supplementary Table 1).

Darolutamide led to durable PSA responses, with a sig-
nificantly longer time to PSA progression in comparison to
placebo (HR 0.26, 95% CI 0.21–0.31; p < 0.001; Fig. 1). At
data cutoff (median follow-up for patients without an
event: darolutamide 41 mo, placebo 14 mo), the median
time to PSA progression was not reached with darolutamide
versus 22 mo with placebo. Darolutamide reduced the risk
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
rización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



HR 0.26 (95% CI 0.21–0.31)
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Placebo + ADT + docetaxel
Median 22 mo (95% CI 22–28)

0
Time (mo)

 Time to PSA progression HR 
(95% CI)

Darolutamide group Placebo group

Median time  
to event  

Overall population 136/651 (21) NE (NE–NE) 310/654 (47) 22.4 (22.1–27.6) 0.26 
(0.21–0.31)

(0.24–0.37)

Low-volume 10/154 (6.5) NE (NE–NE) 61/146 (42) 33.3 (24.8–41.4) 0.093 
(0.047–0.18)

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Favors darolutamide Favors placebo

Patients with 
event/assessable, 

n/N (%) (95% CI), mo

Patients with 
event/assessable, 

n/N (%)

Median time 
to event  

(95% CI), mo

0.30 High-volume 126/497 (25) NE (NE–NE) 249/508 (49) 22.1 (19.3–24.7)

(A)

(B)

Fig. 1 – Time to PSA progression in (A) the overall population and (B) the disease volume subgroups. Data cutoff October 25, 2021. High-volume disease is
defined according to the CHAARTED criteria [22] as the presence of visceral metastases or at least four bone lesions, with at least one beyond the vertebral
bodies and pelvis. ADT = androgen deprivation therapy; CI = confidence interval; HR = hazard ratio; NE = not estimable; PSA = prostate-specific antigen.
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of PSA progression by 70% in the high-volume subgroup (HR
0.30, 95% CI 0.24–0.37) and by >90% in the low-volume sub-
group (HR 0.093, 95% CI 0.047–0.18) in comparison with to
placebo.

3.3. Association between PSA and clinical outcomes

Achievement of undetectable PSA (<0.2 ng/ml) at 24 or 36
wk was associated with increased better OS (median
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
2024. Para uso personal exclusivamente. No se permiten otros usos sin autori
follow-up for patients without an event: darolutamide 46
mo, placebo 46 mo) versus detectable PSA (darolutamide
group Fig. 2A; placebo group Supplementary Fig. 2). In the
darolutamide group, for patients who achieved unde-
tectable versus detectable PSA at 24 wk, the risk of death
was reduced by 51% (HR 0.49, 95% CI 0.36–0.65) in the over-
all population, 53% (HR 0.47, 95% CI 0.35–0.65) in the high-
volume subgroup, and 35% (HR 0.65, 95% CI 0.29–1.5) in the
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
zación. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



HR (95% CI)

Favors PSA <0.2 ng/ml Favors PSA ≥0.2 ng/ml

PSA 
landmark

Darolutamide 
subgroup Overall survival HR 

(95% CI)

PSA <0.2 ng/ml PSA ≥0.2 ng/ml

Median time  
to event  

24 wk

Overall group 74/317 (23) NE (NE–NE) 147/320 (46) NE (35.9–NE) 0.49 
(0.37–0.65)

High-volume 59/214 (28) NE (NE–NE) 137/272 (50) 37.2 (32.9–NE) 0.47 
(0.35–0.65)

Low-volume 15/103 (15) NE (NE–NE) 10/48 (21) NE (NE–NE) 0.65 
(0.29–1.46)

36 wk

Overall group 81/370 (22) NE (NE–NE) 133/257 (52) 33.3 (29.3–NE) 0.38 
(0.29–0.51)

High-volume 66/255 (26) NE (NE–NE) 124/224 (55) 30.6 (26.9–40.1) 0.39 
(0.28–0.52)

Low-volume 15/115 (13) NE (NE–NE) 9/33 (27) NE (NE–NE) 0.42 
(0.18–0.97)

0 0.2 0.4 0.6 0.8 1 1.2 1.4
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n/N (%) (95% CI), mo

Patients with 
event/assessable, 
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HR (95% CI)

Favors PSA <0.2 ng/ml Favors PSA ≥0.2 ng/ml

PSA 
landmark

Darolutamide 
subgroup Time to CRPC HR 

(95% CI)

PSA <0.2 ng/ml PSA ≥0.2 ng/ml

Median time  
to event  

24 wk

Overall group 76/308 (25) NE (NE–NE) 110/260 (42) 40.9 (29.8–NE) 0.50 
(0.37–0.68)

High-volume 61/207 (30) NE (NE–NE) 102/221 (46) 29.9 (21.9–NE) 0.52 
(0.37–0.72)

Low-volume 15/101 (15) NE (NE–NE) 8/39 (21) NE (NE–NE) 0.55 
(0.23–1.31)

36 wk

Overall group 83/352 (24) NE (NE–NE) 87/186 (47) 29.8 (19.8–NE) 0.42 
(0.30–0.57)

High-volume 69/241 (29) NE (NE–NE) 80/161 (50) 24.2 (17.7–37.9) 0.45 
(0.32–0.63)

Low-volume 14/111 (13) NE (NE–NE) 7/25 (28) NE (32.4–NE) 0.28 
(0.11–0.72)

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Patients with 
event/assessable, 

n/N (%) (95% CI), mo

Patients with 
event/assessable, 

n/N (%)

Median time 
to event  

(95% CI), mo

(A)

(B)

Fig. 2 – Association of undetectable PSA (<0.2 ng/ml) versus detectable PSA (≥0.2 ng/ml) with efficacy outcomes in the darolutamide group: (A) overall survival;
(B) time to CRPC; and (C) time to PSA progression. High-volume disease is defined according to the CHAARTED criteria [22] as the presence of visceral
metastases or at least four bone lesions with at least one beyond the vertebral bodies and pelvis. CI = confidence interval; CRPC = castration-resistant prostate
cancer; HR = hazard ratio; NE = not estimable; PSA = prostate-specific antigen.
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(0.18–0.42)

High-volume 30/213 (14) NE (NE–NE) 85/230 (37) NE (29.9–NE) 0.32 
(0.21–0.49)

Low-volume 3/102 (2.9) NE (NE–NE) 7/41 (17) NE (NE–NE) 0.10 
(0.024–0.41)

36 wk

Overall group 39/364 (11) NE (NE–NE) 75/189 (40) NE (24.3–NE) 0.23 
(0.15–0.34)

High-volume 36/251 (14) NE (NE–NE) 68/163 (42) 35.2 (21.4–NE) 0.27 
(0.18–0.41)

Low-volume 3/113 (2.7) NE (NE–NE) 7/26 (27) NE (32.4–NE) 0.039 
(0.008–0.19)
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Fig. 2 (continued)

Table 3 – TEAE incidence in the overall ARASENS population and in subgroups achieving undetectable (<0.2 ng/ml) versus detectable (≥0.2 ng/ml)
PSA at any time after baseline

TEAEa Incidence, n (%)

Undetectable PSA Detectable PSA Overall
Population
(N = 1302)bDaro

(n = 439)
PCB
(n = 186)

Daro
(n = 213)

PCB
(n = 464)

Any TEAE 438 (<100) 186 (100) 211 (99) 457 (99) 1292 (99)
Grade 3/4 TEAE 295 (67) 119 (64) 136 (64) 294 (63) 844 (65)
Serious TEAE 190 (43) 66 (36) 102 (48) 209 (45) 567 (44)
TEAE leading to discontinuation of
Darolutamide/placebo 34 (7.7) 14 (7.5) 54 (25) 55 (12) 157 (12)
Docetaxel 27 (6.2) 9 (4.8) 25 (12) 58 (13) 119 (9.1)

Grade 3/4 TEAEs in >2% of all patients
Neutropeniac 159 (36) 68 (37) 61 (29) 154 (33) 442 (34)
Febrile neutropenia 40 (9.1) 16 (8.6) 11 (5.2) 32 (6.9) 99 (7.6)
Anemia 20 (4.6) 5 (2.7) 11 (5.2) 28 (6.0) 64 (4.9)
Hypertension 34 (7.7) 7 (3.8) 8 (3.8) 14 (3.0) 63 (4.8)
Hyperglycemia 14 (3.2) 11 (5.9) 4 (1.9) 13 (2.8) 42 (3.2)
Pneumonia 14 (3.2) 2 (1.1) 7 (3.3) 18 (3.9) 41 (3.1)
Elevated ALT 9 (2.1) 3 (1.6) 9 (4.2) 8 (1.7) 29 (2.2)

ADT = androgen deprivation therapy; ALT = alanine aminotransferase; Daro = darolutamide + ADT + docetaxel; PCB = placebo + ADT + docetaxel; PSA = prostate-
specific antigen; TEAE = treatment-emergent adverse event.
a TEAEs are any adverse events that occurred after the first dose of darolutamide or placebo up to 30 d after the last dose.
b The safety analysis set excluded three patients who were randomized but never received the assigned trial treatment.
c Neutropenia includes the preferred terms of leukopenia, neutropenia, decreased neutrophil count, and decreased white blood cell count.

E U R O P E A N U R O L O G Y 8 6 ( 2 0 2 4 ) 3 2 9 – 3 3 9 335
low-volume subgroup. The risk of death was further
reduced for patients with undetectable versus detectable
PSA at 36 wk, particularly in the low-volume subgroup
(HR 0.42, 95% 0.18–0.97; Fig. 2A).
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treated patients were 79% for those who achieved unde-
tectable PSA versus 47% for those with detectable PSA; 4-
yr rates were not estimable for either group.

For patients who achieved undetectable PSA, progression
to CRPC (median follow-up for patients without an event:
darolutamide 42 mo, placebo 16 mo) was delayed in com-
parison with to those with detectable PSA (darolutamide
group, Fig. 2B). An association between undetectable PSA
and longer time to CRPC was consistently seen in the
high- and low-volume subgroups.

Patients who achieved undetectable PSA had a durable
response, with a longer time to PSA progression than for
those who had detectable PSA (darolutamide group,
Fig. 2B; placebo group, Supplementary Fig. 2). For
darolutamide-treated patients who achieved undetectable
versus detectable PSA at 24 wk, the HRs for time to PSA pro-
gression were 0.28 (95% CI 0.18–0.42) in the overall popula-
tion, 0.32 (0.21–0.49) in the high-volume subgroup, and
0.10 (0.024–0.41) in the low-volume subgroup. Similar
HRs for time to PSA progression favored patients with unde-
tectable versus detectable PSA at 36 wk.

3.4. Safety

TEAE incidence rates were generally similar between treat-
ment groups in patients who achieved undetectable versus
detectable PSA (Table 3). The frequency of drug discontinu-
ation due to TEAEs for both docetaxel and darolutamide was
similar between the darolutamide and placebo groups for
patients with undetectable PSA. The frequency of drug dis-
continuation due to TEAEs was higher for patients who had
detectable PSA than for those who had undetectable PSA for
both drugs and in both treatment groups. Most TEAEs com-
monly associated with AR pathway inhibitors occurred at
similar incidence rates between the treatment groups and
across PSA response subgroups, and notably when adjusted
for exposure (Supplementary Table 2).
4. Discussion

PSA measures are important for patients and help in assess-
ing prognosis, predicting outcomes, and guiding treatment
decisions [4–11]. Darolutamide in combination with ADT
and docetaxel led to deep and durable PSA responses,
with 67% of patients achieving undetectable PSA levels
(<0.2 ng/ml) and 85% achieving PSA90 at any time, in com-
parison with to 29% and 59%, respectively, of patients who
received placebo plus ADT and docetaxel. The risk of PSA
progression was reduced by 74% when darolutamide was
added to ADT and docetaxel versus ADT and docetaxel
alone. The deep and durable PSA responses were particu-
larly pronounced in the low-volume subgroup treated with
darolutamide: 84% had undetectable PSA at any time and
the risk of PSA progression was reduced by 91% versus pla-
cebo. Our results show that a deep PSA response, as indi-
cated by achievement of undetectable PSA, is associated
with longer OS, slower progression to CRPC, and a longer
time to PSA progression, regardless of disease volume, con-
firming the importance of achieving undetectable PSA in
patients with mHSPC. The safety profile of darolutamide
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in the subgroups with undetectable versus detectable PSA
was generally consistent with that reported for the overall
ARASENS population [19]. Consistent PSA-response benefits
favoring darolutamide over placebo were seen in the high-
and low-volume subgroups. Thus, these results support the
rationale for consideration of triple therapy in all patients
with mHSPC, including those with low-volume disease.

The beneficial impact of darolutamide on PSA response
was seen in some patients as early as 12 wk, with 30% of
patients in the darolutamide group versus 16% in the pla-
cebo group achieving undetectable PSA at that time point.
Among the remaining patients with detectable PSA at 12
wk, a high proportion in the darolutamide group went on
to achieve undetectable PSA at later time points, with 67%
of patients overall achieving undetectable PSA at any time.
The timing of PSA responses may reflect differences in
underlying disease pathology and treatment effects [23–
29]. It has been proposed that an early PSA response may
reflect rapid elimination of hormone-sensitive cells, poten-
tially leaving hormone-insensitive cells to proliferate,
resulting in early progression to CRPC [26,29]. The combina-
tion of darolutamide and docetaxel was designed to over-
come the persistence of hormone-insensitive cells. Buck
et al. [30] have shown that addition of darolutamide to doc-
etaxel augments antitumor activity in models of prostate
cancer via cell cycle arrest at the G1 ? S transition. This
finding may explain the deep and durable PSA responses
observed with darolutamide in the ARASENS trial. Our find-
ings demonstrate that undetectable PSA is more likely to be
achieved with darolutamide in combination with ADT and
docetaxel than with ADT and docetaxel alone.

Our findings are consistent with other research indicat-
ing that achieving undetectable PSA is associated with
longer survival and delayed disease progression in compar-
ison with to detectable PSA. Halabi et al. [10] showed that
for patients with mHSPC treated with ADT, achievement
of undetectable PSA at 4–7 mo was a surrogate endpoint
for OS. The CHAARTED, LATITUDE, and TITAN studies also
revealed associations between undetectable PSA and clini-
cal outcomes among patients with mHSPC [7–9]. In
CHAARTED, OS was significantly longer in patients with
PSA <0.2 versus >4 ng/ml at 7 mo; addition of docetaxel
to ADT increased the likelihood of achieving PSA <0.2 ng/
ml and improved survival [7]. In ARASENS, addition of daro-
lutamide to ADT and docetaxel more than doubled the pro-
portion of patients who achieved undetectable PSA, in
addition to improving OS, over and above the outcomes
achieved with ADT and docetaxel alone.

Survival benefits associated with deep and durable PSA
responses have also been shown in other prostate cancer
settings, such as nmCRPC. In the ARAMIS study, darolu-
tamide significantly delayed PSA progression by >2 yr in
comparison to placebo (HR 0.13, 95% CI 0.11–0.16) [17],
and 51% of darolutamide-treated patients but only 2% of
the placebo group achieved PSA90 by 16 wk [31]; PSA90

was positively associated with longer OS [32]. The SPARTAN
(apalutamide) and PROSPER (enzalutamide) studies in
nmCRPC also confirm the prognostic significance of PSA:
undetectable PSA at 6 mo was associated with longer OS
and time to PSA progression in SPARTAN [33] and avoidance
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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of PSA progression was associated with longer metastasis-
free survival in PROSPER [34].

For patients who achieve PSA �0.2 ng/ml, the concept of
intermittent therapy may be worth exploring to reduce
drug exposure, long-term adverse events, and resource uti-
lization without compromising OS. The ongoing EORTC
study GUCG-2238 (De-Escalate; NCT05974774) is address-
ing this question. For patients with detectable PSA despite
treatment intensification, increasing understanding of dis-
ease biology and the development of treatments with dif-
ferent mechanisms of action are beginning to offer hope
of personalized treatment strategies that can optimize out-
comes. It is hoped that meta-analysis of the accumulating
data, for example by the STOPCAP collaboration, will iden-
tify clinically relevant characteristics to guide decisions on
when to escalate, switch, or de-escalate treatment.

The outcomes reported here, except for PSA response
rates and the time to PSA progression, were analyzed post
hoc with no adjustment for the effects of potential con-
founders other than randomization factors, which may
affect interpretation of the results.
5. Conclusions

In conclusion, patients with mHSPC treated with darolu-
tamide plus ADT and docetaxel in ARASENS achieved deep
and durable PSA responses in comparison with to placebo
plus ADT and docetaxel. Achievement of undetectable PSA
was correlated with increased better OS, a longer time to
CRPC, and a longer time to PSA progression. These data
add to the literature identifying the important association
between undetectable PSA and clinical outcomes, and sup-
port the value of monitoring PSA responses and the treat-
ment goal of achieving undetectable PSA at any time in
patients with mHSPC.

Some of the data reported in this manuscript were pre-
sented at the American Society of Clinical Oncology Annual
Meeting, June 3–7, 2022, and the American Urological Asso-
ciation Annual Meeting, April 28–May 3, 2023.
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