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1. Introduction

Androgen-deprivation therapy (ADT) is an integral part of
standard therapy for patients whose prostate cancer (PCa)
relapses after primary treatment [1—3]. However, despite ini-
tial excellent response rates, most patients experience disease
progression during ADT, initially manifesting as rising pros-
tate-specific antigen (PSA) levels [4]. According to current
guidelines this status of disease is determined ‘“castration-
resistant PCa” (CRPC) defined as a castrate serum testoster-
one <50 ng/dl or 1.7 nmol/l plus one of the following types of
progression: (a) biochemical progression defined as 3 conse-
cutive rises in PSA 1 week apart resulting in two 50%
increases over the nadir and PSA > 2 ng/ml; (b) the appear-
ance of either 2 or more new bone lesions on bone scan or a
soft tissue lesion using the Response Evaluation Criteria in
Solid Tumors [3]. Beside local recurrence, at this time point
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most patients have already metastatic formations termed met-
astatic CRPC (mCRPC) whose therapeutic landscape rapidly
changed over the past years [5,6]. However, also a certain
number of CRPC patients without any metastases on conven-
tional imaging exist, classified as nonmetastatic CRPC
(nmCRPC), whose primary goal of treatment is to delay the
time to metastasis formation. Generally it has been demon-
strated that the risk of developing metastases is associated
with baseline PSA levels and PSA doubling time (PSADT)
[4,7]. Prior to 2018, treatment options for men with nmCRPC
were observation, first-generation androgen receptor (AR)
antagonists, such as bicalutamide or flutamide, estrogens
or ketoconazole, but none of which were associated with
a survival benefit [8,9]. In the past years the development of
3 novel second-generation AR antagonists changed the treat-
ment landscape for nmCRPC and give new hopes to prolong
life expectancies for patients with advanced PCa.

Thus, the present short review article aims to provide an
overview about these new treatment options in nmCRPC
and to discuss their meaningful use in daily routine focusing
on the impact of novel imaging modalities.
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2. Apalutamide in nmCRPC

Apalutamide is an antiandrogen that binds directly to the
ligand-binding domain of the AR and prevents AR translo-
cation, DNA binding, and AR-mediated transcription
(Fig. 1) [10]. Apalutamide has been Food and Drug Admin-
istration (FDA)- as well as European Medicines Agency-
approved for treatment of nmCRPC after showing a benefit
in metastasis-free survival (MFS) in a randomized-con-
trolled phase III trial (SPARTAN) [11]. In this trial 1,207
men were randomized in a 2:1 ratio to either receive apalu-
tamide (240 mg daily) (n = 806) or placebo (n =401). Main
inclusion criteria were presence of nmCRPC with a PSADT
<10 months. Staging included technetium-99m bone scan
and computed tomography (CT) of the pelvis, abdomen,
chest, and head. While presence of distant metastasis was
an exclusion criterion, patients with suspicious lymph nodes
in the pelvis (classified as N1) with a short axis <2 cm were
allowed to participate in the study.

The primary endpoint MFS was achieved after 378
events had occurred. In the apalutamide group MFS was
significantly longer with a median of 40.5 months as com-
pared with 16.2 months in the placebo group (hazard ratio
[HR] 0.28; 95% confidence interval [CI] 0.23—0.35); P <
0.001). The benefit from apalutamide was also consistent in
secondary endpoints. The apalutamide arm showed longer
median time to metastasis (40.5 vs. 16.6 months, HR 0.27;
95%CI 0.22—0.34; P < 0.001), median progression-free
survival (40.5 vs. 14.7 months, HR 0.29; 95%CI 0.24
—0.36; P < 0.001) as well as median time to symptomatic
progression (not reached [NR] vs. NR months, HR 0.45;
95%CI 0.32—0.63; P < 0.001). At a median follow-up of
20.3 months the secondary endpoint overall survival (OS)
showed a nonsignificant trend in favor of apalutamide (NR
vs. 39.0 months, HR 0.70; 95%CI 0.47—1.04; P =0.07).
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Adverse events (AEs) led to treatment discontinuation in
85 (10.6%) patients of the apalutamide group and 28
(7.0%) patients of the placebo group. Grade 3 to 4 AEs
were observed in 45.1% of patients treated with apaluta-
mide vs. 34.2% treated with placebo. AEs related to apalu-
tamide were fatigue (30.4% vs. 21.1%), rash (23.8% vs.
5.5%), falls (15.6% vs. 9.0%), fracture (11.7% vs. 6.5%),
hypothyroidism (8.1% vs. 2.0%), and seizure (0.2% vs. 0%)
(Table 1). Health-related quality of life was assessed in the
SPARTAN trial using the Functional Assessment of Cancer
Therapy-Prostate (FACT-P) and EQ-5D-RL questionnaire
[12]. Health-related quality of life was maintained under
apalutamide treatment and was similar over time among
patients receiving apalutamide as compared with placebo.

3. Darolutamide in nmCRPC

Darolutamide is the third of the second-generation anti-
androgens. Like enzalutamide and apalutamide, daroluta-
mide is a nonsteroidal AR antagonist (Fig. 1), although it
differs in structure from enzalutamide and apalutamide
resulting in decreased growth of PCa cells (Fig. 2) [13].
Preclinical studies showed that darolutamide inhibits the
AR more potently than other second-generation antiandro-
gens by increased antitumor activity compared with enzalu-
tamide in a preclinical model of CRPC characterized by
AR amplification and overexpression [ 14]. In addition daro-
lutamide (former ODM-201) has additional ability to inhibit
some mutations of the AR, for instance, the F876L muta-
tion, arising as a result of enzalutamide or apalutamide use
(Fig. 1) [14]. Darolutamide also has a negligible ability to
cross the blood-brain barrier (BBB), so it theoretically con-
fers a much lower risk cerebral side effects than either enza-
lutamide or apalutamide [14].
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Fig. 1. Schematic overview about mechanisms of action of enzalutamide, apalutamide, and darolutamide. AR = androgen receptor; DHT = dihydrotestos-

teron.



Table 1

Summary of SPARTAN, ARAMIS, and PROSPER trial.
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Apalutamide (SPARTAN)

Inclusion criteria

Number of patients
Median age (range)
Randomization

® Dosis

* ADT
Diagnostic evaluation

Primary endpoint
® Metastasis-free survival

Secondary endpoints
® Overall survival

® Time to PSA progression

® Median time to metastasis

® Progression-free survival

® Time to symptomatic
progression

® Time to subsequent therapy

® Secondary PFS

Adverse events (any, %)
Adverse events (>grade 3, %)
Adverse events (%)

® Fatigue

® Rash

® Diarrhoea

® Nausea

® Arthralgia

® Hypothyroidism
Neurologic adverse events

® Dizziness

® Mental-impairment disorder

® Seizure/convulsion
Cardiovascular adverse events

® Hypertension

® Coronary-artery disorder

® Heart failure

® Major adverse cardiovascular

events

MO NO-N1 CRPC
PSADT <10 months

1,207
74 (48—94) vs. 74 (52—97)
2 (apalutamide): 1 (placebo)
® 240 mg
® yes
CT (pelvis, abdomen, chest, head)
Technetium-99m bone scan
®40.5vs. 16.2
HR 0.28; 95%CI 0.23—0.35;
P <0.0001

® NR vs. 39.0

HR 0.70; 95%CI; 0.47—1.04;
P=0.07

® NR vs. 3.7

HR 0.06; 95%CI; 0.05—0.08;

P <0.001

®40.5vs. 16.6

HR 0.27; 95%CI; 0.22—0.34;
P <0.001

® 40.5vs. 14.7

HR 0.29; 95%CI; 0.24—0.36;
P <0.001

® NR vs. NR

HR 0.45; 95%CT; 0.32—0.63;
P <0.001

® NR vs. NR

HR 0.44; 95%CI 0.29—0.66

® NR vs. 39

HR 0.49; 95%CI 0.36—0.66
96.5 vs. 93.2

45.1vs.34.2

30.4 vs. 21.1
23.8vs. 5.5
20.3 vs. 15.1
18.1vs. 15.8
159vs. 7.5
N/A

9.3vs.6.3
5.1vs.3.0
0.2vs. 0

24.8 vs. 19.8
N/A
N/A
N/A

Darolutamide (ARAMIS) Enzalutamide (PROSPER)
MO NO-N1 CRPC MO NO CRPC

PSADT <10months PSADT <10 months

PSA >2 ng/ml PSA >2 ng/ml

1,509 1,401

74 (48—95) vs. 74 (50—92)
2 (darolutamide): 1 (placebo)
® 600 mg

74 (50-95) vs. 73 (53-92)
2 (enzalutamide): 1 (placebo)
® 160 mg

® yes ® yes

CT or MRI (pelvis, abdomen, chest)  CT or MRI

Technetium-99m bone scan Technetium-99m bone scan

©40.4vs. 184 ®36.6vs. 14.7

HR 0.41; 95%CI 0.34—0.5; HR 0.29; 95%CI 0.24—0.35;
P <0.001 P <0.001

® NR vs. NR ® NR vs. NR

HR 0.71; 95%CTI; 0.5—0.99; HR 0.80; 95%CI; 0.58—1.09;
P=0.045 P=0.15

®332vs.7.3 ®372vs.3.9

HR 0.13; 95%CI; 0.11-0.16;
P <0.001

HR 0.07; 95%CT; 0.05—0.08;
P <0.001

o N/A o N/A
®36.8 vs. 14.8 o N/A
HR 0.38; 95%CT; 0.32—0.45;
P <0.001
® 40.3 vs. 25.4 (pain progression) o N/A
HR 0.65; 95%CT; 0.53—0.79;
P <0.001
® NR vs. NR ®39.6vs. 17.7
HR 0.33; 95%CI, 0.23—0.47, HR 0.21; 95%C1 0.17—0.26;
P <0.001 P <0.001
o N/A o N/A
83.2vs. 76.9 87 vs. 77
24.7 vs. 19.5 24 vs. 18
12.1 vs. 8.7 33 vs. 14
N/A N/A
6.9 vs. 5.6 10 vs. 10
5.0vs.5.8 11vs. 9
8.1vs.9.2 8vs.7
0.2vs.0 N/A
4.5vs.4.0 10 vs. 4
0.4 vs. 0.2 (cognitive disorder) 5vs.2
0.2vs.0.2 <1lvs.0
N/A 12 vs. 5
3.2vs.2.5 N/A
1.9 vs. 0.9 N/A
N/A 48 vs. 13

ADT = androgen-deprivation therapy; 95%CI = confidence interval; CT = computed tomography; CRPC = castration-resistant prostate cancer; HR = hazard
ratio; MRI = magnet resonance imaging; N/A = not available; NR = not reached; PSA = prostate-specific antigen; PSADT = PSA doubling time.

In February 2019, results from the multinational, ran-
domized, double-blind, placebo-controlled, phase IIl ARA-
MIS trial to evaluate the efficacy and safety of
darolutamide (600 mg daily) in men with nmCRPC were

published [15]. The primary endpoint of this registration
trial involving 1,408 patients with nmCRPC determined by
CT or magnetic resonance imaging was MFS defined as
time between randomization and evidence of metastasis or
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Fig. 2. 2D structures of enzalutamide and apalutamide compared to darolutamide.

death from any cause. In line with the ARAMIS study, the
presence of pelvic lymph nodes less than 2 cm in diameter
in the short axis below the aortic bifurcation was allowed.
Secondary objectives of this study were OS, time to first
symptomatic skeletal event, time to initiation of first cyto-
toxic chemotherapy, time to pain progression, and charac-
terization of the safety and tolerability of darolutamide.

Median MFS was 40.4 months in the darolutamide group
compared with 18.4 months in the placebo group (HR 0.41;
95%CI 34—0.50; P < 0.001). Interestingly, MFS was con-
sistently favorable also in all subgroup analyses like
PSADT <6 months vs. >6 months, baseline PSA levels
<10 ng/ml vs. 10—20 ng/ml vs. >20 ng/ml, Gleason score
<7 vs. >7, age, race, ECOG status, previous osteoclast ther-
apy, regional lymph nodes status as well as the number of
previous hormonal therapies. Moreover, darolutamide was
associated with greater benefits than placebo for all second-
ary endpoints. Median OS was NR; however, OS interim
analyses (78 patients in the darolutamide group and 58 in
the placebo group) demonstrated that darolutamide was
associated with a lower risk of death than placebo (HR
0.71; 95%CI 0.50—0.99; P =0.045). The median time to
PSA progression was 33.2 months with darolutamide and
7.3 months with placebo (HR 0.13; 95%CI 0.11-0.16; P <
0.001). Further, time to pain progression, time to first cyto-
toxic chemotherapy, and time to first symptomatic skeletal
event was significantly longer in the darolutamide group
than in the placebo group.

Treatment-related AE were observed in 83.2% of darolu-
tamide-treated patients compared to 76.9% in the placebo
arm, among them 54.6% were grade 1/2 (placebo arm
54.2%), 24.7% grade 3/4 (placebo arm 19.5%), and 3.9%
grade 5 (placebo arm 3.2%). Summarizing, the incidence of
AEs was similar in the darolutamide and placebo groups

with the exception of fatigue. The incidence of seizures,
hypertension, rash, dizziness, and cognitive disorder was
similar between the darolutamide group and the placebo
group (Table 1).

Patient-reported quality of life was similar in the darolu-
tamide group and placebo group using BPI-SF (pain sever-
ity and pain interference scores), FACT-P, Physical Well-
Being, Emotional Well-Being, PCS, and Trial Outcome
Index as well as EORTC-QLQPR2S5 urinary symptoms sub-
scale. Also a recent update from K. Fizazi the ASCO meet-
ing in June 2019 confirmed that darolutamide maintains
quality of life, delays worsening of pain as well as disease-
related symptoms compared with placebo. Based on these
findings, darolutamide has been FDA-approved on July 30,
2019.

4. Enzalutamide in nmCRPC

Enzalutamide belongs to one the first novel antiandrogen
that was approved by the FDA and European Medicines
Agency in 2013. Enzalutamide exhibits higher affinity for
the AR compared to older generation antiandrogens such as
bicalutamide or flutamide [16]. Aside from direct AR inhi-
bition, enzalutamide also hinders AR translocation into the
nucleus as well as AR binding to the DNA resulting in
reduced transcriptional activity (Fig. 1) [16].

Initially approved for mCRPC (AFFIRM and PREVAIL
trials), efficacy of enzalutamide has also been tested in
nmCRPC [17,18]. In the STRIVE trial, enzalutamide was
compared to bicalutamide in CRPC patients with and without
metastases. In the overall population, risk of progression was
reduced by 76% HR, 0.24; 95%CI 0.18—0.32; P < 0.001) in
favor of enzalutamide, moreover median Progression free
survival (PFS) was 19.4 months compared to 5.7 months



with bicalutamide. Interestingly, the primary endpoint PES
for nonmetastatic patients treated with enzalutamide (n = 70)
was NR compared to 8.6 months in the bicalutamide group
(n=69, HR 0.24; 95%CI 0.14—0.42; P < 0.001). However,
enzalutamide was superior in all secondary endpoints in met-
astatic and nonmetastatic disease: radiographic progression-
free survival or death, risk of PSA progression, and PSA
response >50% [19].

Recent approval for enzalutamide (160 mg daily) in
nmCRPC is based on the results from the randomized-con-
trolled phase III PROSPER trial in which 1,401 patients
with nmCRPC were compared to placebo in a 2:1 randomi-
zation. All patients were at high risk for metastasis with a
PSADT of <10 months and a baseline PSA level >2 ng/ml.
Staging was performed with CT or magnetic resonance
imaging and bone scan. Primary endpoint of the study was
MES or death without evidence of radiographic progression
of metastasis. Time to PSA progression, time to first use of
subsequent antineoplastic treatment, quality of life
(assessed with the FACT-P), OS, and safety were secondary
endpoints [20].

After 219 (23%) and 228 (49%) primary endpoint events
in the enzalutamide and the placebo group occurred,
median MFS was 36.6 and 14.7 months favoring enzaluta-
mide over placebo (HR 0.29; 95%CI 0.24—0.35; P <
0.001) with a median follow-up of 18.5 and 15.1 months.
The secondary endpoints PSA progression (HR 0.07;
95%CI 0.05—0.08; P < 0.001) and use of subsequent anti-
neoplastic therapy (HR 0.21; 95%CI 0.17—-0.26); P <
0.001) were also in favor of enzalutamide. However, analy-
sis on OS did not reach statistical significance between
enzalutamide and placebo (HR 0.80; 95%CI 0.58—1.09);
P=0.15).

AEs of all grades and >3 AEs occurred in 87% and 31%
in the enzalutamide group compared to 77% and 23% in the
placebo group, respectively. Discontinuation of therapy
was more common under enzalutamide treatment compared
to placebo with 9% and 6%, respectively. The most com-
mon AEs with a difference of >2% were fatigue (33% vs.
14%), hot flushes (13% vs. 8%), hypertension (12% vs.
5%), and falls (11% vs. 4%). Neurologic disorders were
also more often reported under enzalutamide as 5 patients
were diagnosed with “noninfectious encephalopathy or
delirium” and 3 patients experienced drug-related convul-
sions (Table 1). Hypertension was among the most serious
events of grade >3 with 5% compared to 2% in the placebo
group. Interestingly, analysis on quality of life using the
FACT-P score was similar between the 2 groups, indicating
an acceptable overall tolerance for enzalutamide treatment.

5. Comparison between the studies

Direct head to head comparisons of enzalutamide, apalu-
tamide, and darolutamide are not available hence direct
comparison across studies is not valid. However, results
from the ARAMIS, PROSPER, and SPARTAN trials were
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all positive for the primary endpoint MFS [11,15,20]
(Table 1).

Interestingly, the primary endpoint of all 3 studies was
MEFS instead of OS or PFS. Recently, the FDA has
acknowledged MFS as clinical relevant and meaningful pri-
mary endpoint that can be incorporated in clinical trials due
to the impressive results of approximately 2 years of MFS
in all 3 trials [21]. Despite similar efficacy in MFS, it must
be noted that the investigators from the PROSPER trial
included only patients without lymph node enlargement
(NO) while in the SPARTAN and ARAMIS trials lymph
nodes up to 2 cm in diameter in the short axis (N1) below
aortic bifurcation were allowed. Subgroup analyses in both
trials indicate a potential benefit for apalutamide and daro-
lutamide in the N1 status compared to NO (HR 0.15 vs. 0.33
and HR 0.28 vs. 0.46, respectively), however, this must be
validated and investigated separately in order to bring forth
reliable data on the relevance of lymph node positivity and
antiandrogen therapy.

OS that was chosen as a secondary endpoint did not
reach statistical significance in the SPARTAN trial (NR vs.
39.0; HR 0.70; 95%CI 0.47—1.04; P =0.07) and PROSPER
trial (NR vs. NR; HR 0.80; 95%CI 0.58—1.09; P=0.15).
Data from the ARAMIS trial indicated a benefit in OS at an
interim analysis; however, the investigators state that differ-
ences between primary and final analysis prevented the sig-
nificance criteria from being met. Other secondary
endpoints such as time to symptomatic progression, time to
PSA progression, time to first subsequent use of antineo-
plastic therapy were also all positive and comparable for
the respective antiandrogen. In the SPARTAN trial, the
investigators additionally analyzed subsequent therapies.
Interestingly, they second-PFS, defined as the time from
metastasis to the initiation of subsequent therapy (abirater-
one), was also longer in the apalutamide group compared to
placebo. Taken together, apalutamide, darolutamide, and
enzalutamide share similar efficacy in nmCRPC with
almost 2 years of MFS.

AEs associated with apalutamide, darolutamide, and
enzalutamide show certain similarities; however, there
are distinct side effects that might favor 1 substance over
another for the individual nmCRPC patient. Overall, AEs
of grade 3 or higher were reported in 45.1% vs. 34.2%,
24.7% vs. 19.5%, and 31% vs. 23% for apalutamide, dar-
olutamide, and enzalutamide compared to placebo,
respectively. The most common reported side effects in
all 3 trials were fatigue, hypertension, arthralgia, nausea,
and diarrhea. AEs of special interest in the apalutamide
trial were fractures, dizziness, and hypothyroidism, which
occurred in 11.7%, 9.3%, and 8.1% compared to 6.7%,
6.3%, and 2.0% in the placebo group, respectively. Inter-
estingly, rashes were commonly observed under apaluta-
mide (23.8% vs. 5.5%) and darolutamide (2.9% vs. 0.9%)
treatment and were not reported in the enzalutamide trial
making this AE potentially distinct for apalutamide and
darolutamide.
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Generally, darolutamide offers potential for fewer and
less severe toxic effects than apalutamide and enzalutamide
because of its low penetration of the BBB and low-binding
affinity for y-aminobutyric acid type A receptors, as shown
in preclinical studies [13,14]. As mentioned, darolutamide
was associated with fewer Central Nervous System (CNS)
effects than either enzalutamide or apalutamide (seizures:
enzalutamide 11% and apalutamide 15.6% vs. darolutamide
4.2%, cognitive/mental impairment disorders; enzalutamide
5% and apalutamide 5.1% vs. darolutamide 0.4% or dizzi-
ness: enzalutamide 10% and apalutamide 9.3% vs. daroluta-
mide 4.5%) probably due to its reduced penetration of the
BBB. In addition, it is important to state that patients with
known CNS malignancies were included in the ARAMIS
study while excluded in both other phase III studies (PROS-
PER and SPARTAN). Interestingly, at the ASCO GU 2019
meeting a study assessed differences in CNS outcomes
between darolutamide and enzalutamide using an in vivo
tissue distribution study with [14C]—labeled enzalutamide
and darolutamide in a head-to-head study in rats by means
of quantitative whole-body autoradiography. Thereby they
were able to demonstrate that there was a 10-fold lower
BBB penetration of ["*C] darolutamide compared with
[14C] enzalutamide. At 8 hours, [14C] darolutamide was
rapidly eliminated and almost undetectable in all tissues,
including brain, in contrast to [14C] enzalutamide that
remained constant. These data help to explain why darolu-
tamide might harbors a lower risk of inducing CNS-related
AEs than enzalutamide (Poster presentation by Zurth C.,
Abstract # 345) Poster presentation ASCO GU 2019.

The increase in an aging population in the past decades
is among other things also associated with polypharmacy
causing an increased risk of drug-drug interactions (DDI)
[22]. Both enzalutamide and apalutamide are strong
CYP3A4 inducers and thus have potential for CYP-medi-
ated DDIs like, e.g., decrease plasma exposure to drugs
such as warfarin via CYP inhibition (Hebenstreit et al.,
accepted for publication) [23]. In contrast, darolutamide is
not a CYP-inhibitor therefore less likely associated with
DDI than enzalutamide and apalutamide. Also data from
the ASCO GU meeting 2019 confirmed that darolutamide
showed only weak effects or none on P-gp, CYP3A4, or
any other relevant CYP enzyme. Thus, darolutamide is not
expected to cause any clinically relevant DDI with CYP or
P-gp substrates, minimizing complications of polyphar-
macy (Poster presentation by Zurth C., Abstract # 297)
Poster presentation ASCO GU 2019.

6. nmCRPC in the PSMA-PET era

The development of new treatment options for patients
with MO CRPC closes a gap in the medical armamentarium
on the transition between MO castration-sensitive to M1
CRPC. Currently, the approval of new agents is based on
standard staging procedures such as bone scan and CT
according to prostate cancer working group criteria [24,25].

However, molecular imaging using positron-emission
tomography (PET) using ligands binding prostate-specific
membrane antigen (PSMA) promises higher sensitivities
for detection of metastatic disease as compared with bone
scan and CT [26,27]. Thus, broader availability and appli-
cation of PSMA-PET will shrink the number of patients
being diagnosed as having nmCRPC. A recent meta-analy-
sis including 4,790 patients showed that PSMA-PET at bio-
chemical recurrence was positive even at low PSA levels
[28]. The detection rate increased with higher PSA from
33% of patients with a PSA <0.2 ng/ml to 95% of patients
with a PSA >2.0 ng/ml.

Even at very low PSA levels the presence of metastatic
disease is common. A retrospective analysis including 272
patients with PSA recurrence between 0.2 and 1.0 ng/ml
after radical prostatectomy showed the presence of meta-
static disease in abdominopelvic lymph nodes, supradiaph-
ragmatic lymph nodes, bone, and visceral organs in 32.7%,
4.4%, 17.6%, and 1.8% of patients, respectively [29].

The detection of distant metastatic disease is rising with
higher PSA levels. In a retrospective analysis including 155
patients with recurrent PCa the detection rate of extrapelvic
lymph node metastases increased from 15% to 41%, bone
metastases from 15% to 39% and visceral metastases from
4% to 12% in patients with a PSA level <1 ng/ml as com-
pared with >2.0 ng/ml [30]. In this series, both PSA level
and PSADT were independent predictors of a positive PET
scan and extrapelvic lymph node metastases, while PSADT
was the only independent predictor of bone metastases.
Besides from PSA level, Rauscher et al. identified concur-
rent treatment with ADT as an independent predictor of a
positive PET scan [29]. This might be explained by an up-
regulation of PSMA under ADT [31]. Some weeks ago a
retrospective trial included 200 patients with nmCRPC was
published reviewing PSMA-PET detection rate for pelvic
disease and distant metastases (M1). Importantly, PSMA-
PET was positive in 196/200 patients among them 44% had
pelvic disease and 55% had M1 disease despite negative
conventional imaging [32].

Taken together, when using a PSMA-PET scan instead
of conventional imaging in the nmCRPC setting as defined
in the phase III trials for apalutamide, darolutamide, and
enzalutamide, the probability is high of turning a MO CRPC
patient into a M1 CRPC patient. However, it remains
unclear whether the application of PSMA-PET in this set-
ting will lead to treatment decisions translating into longer
survival. So far, eventually all trials leading to approval of
new drugs for MO and M1 CRPC were based on conven-
tional imaging with bone scan and CT. Therefore, it is key
to evaluate with scrutiny the additional value of PSMA-
PET, set standards for its evaluation and comparability and
include its application in future prospective trials.

While choline PET-CT (18F- and 11C) suffers from low
sensitivity, especially at low PSA levels in recurrent PCa,
apart from PSMA new additional tracers like 18F-FACBC
(Fluciclovine) or 18F-DCFPyL demonstrated promising



results in staging of recurrent PCa including nmCRPC sta-
tus (reviewed in [33]).

7. Conclusion and outlook

Recently 3 new AR antagonists have been positively tested
in large phase III studies for treatment of nmCRPC patients
for whom therapy options were limited so far (reviewed also
in [34,35]). Lately all 3 substances are FDA-approved as they
have met their primary endpoint MFS with good compatibil-
ities and tolerable side effects pointing out that darolutamide
has the lowest rate of CNS side effects due to its low affinity
to penetrate the BBB. Yet, despite these encouraging results
one has to be aware that OS data of the approval studies are
not mature and that the efficacy of following therapies in
mCRPC has to be clarified. In addition, we still do not have
biomarkers for therapy response. Another important issue that
arises is the question if MO CRPC still exists in the era of
PSMA-PET leading to the fact that with the exception of
enzalutamide which is approved in both nmCRPC and
mCRPC, prescription of drugs approved for nmCRPC runs
slowly in countries frequently using PSMA PET like, e.g., in
Austria. Therefore, both darolutamide and apalutamide are
currently also tested in the mCRPC setting. In addition to
these 3 substances there exists a phase II trial IMAAGEN)
supporting also the use of abiraterone with prednisone in
nmCRPC as the study was able to demonstrate a significant
reduction in PSA50 [36]. However, due to lack of a phase III
registration trial, abiraterone does not have the level 1 evi-
dence, category 1 recommendation for nmCRPC. Despite of
this, if a patient who is not eligible for treatment with apaluta-
mide, darolutamide, or enzalutamide one can consider to use
abiraterone with prednisone even if outside guideline recom-
mendation.

Concluding, as all 3 drugs seem to behave comparable
concerning clinical benefit treatment decision should be
based on potential adverse effects in the context of the
patient’s comorbidities. As no comparative studies are
available among the 3 substances observations of real-
world data might be beneficial. Until we have not clarified
these open points our primary treatment goal must be
“make patients* life better without to harm!”
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