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Review

Introduction

In the last 5 years, treatment strategies for patients with 
advanced prostate cancer, hormone-sensitive prostate 
cancer (HSPC), and recurrent prostate cancer after cura-
tive intent therapy as well as castration-resistant prostate 
cancer (CRPC) have tremendously evolved leading to the 
introduction and approval of several new drugs. The 
appropriate use of these drugs and their proper sequenc-
ing are still a matter of debate.

In addition, due to the COVID-19 pandemic, major 
congresses and many teaching opportunities as well as 
the usual visits from medical advisors of pharmaceutical 
firms have been postponed and canceled.

The American Board of Medical Specialties (ABMS) 
and the Accreditation Council for Graduate Medical 
Education (ACGME) have released a joint statement with 
concerns regarding physician training during the corona-
virus pandemic (“ABMS and ACGME Joint Principles: 
Physician Training During the COVID-2019 Accessed 
April 30, 2020.,” 2020).

Hence, it is becoming more and more difficult for 
clinicians to stay up to date on the stand of knowledge 
and developments in the field of prostate cancer 
treatment.

This short overview article aims to help clinicians to 
get a clear picture of the current state of knowledge on 
prostate cancer drug therapy and will hopefully fill in 
the gap that has developed during the COVID-19 
pandemic.
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The major trials of the recent years in each state of the 
disease are shortly discussed providing a panoramic over-
view of the available evidence and data on prostate can-
cer treatment.

Nonmetastatic Castration-Resistant Prostate 
Cancer

Radical prostatectomy or radiotherapy is the most applied 
treatments in patients diagnosed with localized prostate 
cancer. At times, many of these patients experience recur-
rence and elevated serum level of prostate-specific anti-
gen (PSA) which is called biochemical recurrence. These 
patients are then commonly treated with androgen depri-
vation therapy (ADT). After an initial drop, the PSA lev-
els of most of these patients rise eventually, despite the 
continuation of ADT and the absence of any sign of meta-
static disease on traditional computed tomography and 
radionuclide bone scans. This state is known as nonmeta-
static CRPC (Swami & Agarwal, 2020) The definition of 
nmCRPC is the CRPC state in the absence of metastases 
on conventional imaging with a bone scan and computed 
tomography scan. A study in 2019 has reported that most 
of these patients show lesions in prostate-specific mem-
brane antigen-positron emission tomography (PSMA-
PET) scan leading to debate on whether or not nmCRPC 
patients truly exist (Fendler et al., 2019).

The results of three major trials, SPARTAN (apalu-
tamide), PROSPER (enzalutamide), and ARAMIS 
(darolutamide), have proven that in nmCRPC patients 
there is a clinical benefit of combining an androgen sig-
naling inhibitor with ADT (Fenner, 2020). Unfortunately, 
there are no studies that have directly compared these 
three drugs in terms of safety or efficacy.

Apalutamide.  Apalutamide is an inhibitor of the ligand-
binding domain of the androgen receptor. In a study that 
included 1,207 men with nmCRPC (diagnosed by conven-
tional imaging) and randomized them in a 2:1 ratio to 
apalutamide (240 mg/d) or placebo plus ongoing ADT 
(SPARTAN trial), it was reported that apalutamide improved 
median metastasis-free survival by 2 years (Small et  al., 
2019). More recently, a publication reported the mature 
data from the SPARTAN study and showed a significant 
overall survival (OS) benefit in this patient group.

In short, apalutamide improved median metastasis-
free survival by 2 years over placebo plus ADT and was 
reported to decrease the hazard of initiating cytotoxic 
chemotherapy by 37% versus placebo, HR 0.63 (95% CI 
0.49–0.81); p = .0002 (Fenner, 2020).

Enzalutamide.  Androgen receptor overexpression is an 
adaptive mechanism that is involved in the development 

of metastatic CRPC. Enzalutamide is a potent androgen 
receptor inhibitor that can overcome this androgen recep-
tor overexpression (Hussain et al., 2018).

In a randomized, double-blind, placebo-controlled, 
Phase 3 trial, conducted at 254 international study sites, 
1,401 patients with nmCRPC and a PSA doubling time of 
up to 10 months were randomly assigned to receive oral 
enzalutamide or placebo (PROSPER trial).

At a median follow-up of 18·5 months, the time to 
increased pain severity, and worsening of urinary symp-
toms was longer with enzalutamide than with placebo. 
Time to clinically meaningful deterioration in EORTC 
QLQ-PR25 hormonal treatment-related symptoms was 
shorter with enzalutamide than with placebo (Hussain 
et al., 2018; Tombal et al., 2019).

The survival data of this trial were published in 2020. 
A total of 31% had died in the enzalutamide group com-
pared with 38% in the placebo group. Median OS was 
67.0 months in the enzalutamide group and 56.3 months 
in the placebo group (Sternberg et al., 2020). Fatigue and 
musculoskeletal events were the most commonly reported 
adverse events in the enzalutamide group (Sternberg 
et al., 2020).

Darolutamide.  In 2017, a pivotal Phase 3 clinical study 
reported the benefit of another novel oral androgen recep-
tor antagonist called darolutamide in nmCRPC (Fizazi 
et al., 2018; Shore, 2017). This drug has a unique chemi-
cal structure, exists as two pharmacologically active dia-
stereomers, (S,R)- and (S,S)-darolutamide 12, and forms 
keto-darolutamide as the main metabolite in patients 
(Fizazi et al., 2014; Matsubara et al., 2017). In a double-
blind, placebo-controlled trial, 1,509 men were random-
ized to receive darolutamide (955 patients) or placebo 
(554 patients) while they continued to receive ADT 
(ARAMIS trial). At a median follow-up time of 29.0 
months, the risk of death was significantly lower, by 
31%, in the darolutamide group than in the placebo group 
(HR for death, 0.69; 95% confidence interval [CI]: [0.53, 
0.88]; p = .003). In the darolutamide arm, a significant 
improvement in all other secondary end points, including 
the time to first symptomatic skeletal event and the time 
to first use of chemotherapy, was observed. The occur-
rence of adverse events was comparable in both study 
arms (Fizazi et al., 2020).

Metastatic Hormone-Sensitive Prostate Cancer

Patients with metastatic prostate cancer and PSA levels 
that still respond to ADT are categorized as metastatic 
hormone-sensitive prostate cancer (mHSPC). Several 
studies have compared the use of ADT alone versus add-
ing chemotherapy or new oral hormonal drugs to ADT in 
mHSPC patients.
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In patients with mHSPC, in addition to docetaxel 
(CHAARTED trial) the following trials, TITAN (apalu-
tamide), LATITUDE (abiraterone) and ARCHES and 
ENZAMET (enzalutamide), have led to the listing of the 
aforementioned drugs as first-line treatment choices in 
the European association of urology (EAU) guidelines of 
2021. These three drugs all have been reported to signifi-
cantly improve OS and PFS in comparison to standard 
ADT (Chi et al., 2019; Davis et al., 2019; Fizazi et al., 
2017).

Apalutamide.  A total of 1,052 patients with mHSPC 
(defined as not receiving ADT at the time of metastatic 
disease progression), receiving continuous ADT, were 
randomized to receive apalutamide or a matching placebo 
(TITAN trial). This double-blind study revealed that the 
time to deterioration as determined by FACT-P total score 
was 8·87 months in the apalutamide group and 9·23 
months in the placebo group (Agarwal et  al., 2019). A 
study published in 2021, reporting the final analysis of 
TITAN after a median follow-up of approximately 4 
years, confirmed that, despite crossover, apalutamide 
plus ADT improved OS, delayed castration resistance, 
maintained health-related quality of life, and had a con-
sistent safety profile in a broad population of patients 
with mHSPC (Chi et al., 2021).

Abiraterone.  CYP17A1 is an essential enzyme in the pro-
cess of androgen synthesis, which can be upregulated in 
mCRPC patients. Abiraterone is an inhibitor of CYP17A1 
enzyme. In a double-blind, placebo-controlled, Phase 3 
trial, 1,199 patients were randomized to receive either 
ADT plus abiraterone acetate plus prednisone (the abi-
raterone group) or ADT plus dual placebos (the placebo 
group). Inclusion criteria were newly diagnosed (≤3 
months) adult men with high-risk metastatic hormone 
treatment naive prostate cancer patients who met at least 
two of the three high-risk criteria: Gleason score of ≥8, 
presence of ≥3 lesions on bone scan, or presence of a vis-
ceral lesion. The two primary endpoints were OS and 
radiographic PFS (LATITUDE trial). This trial revealed 
that the median length of radiographic PFS of abiraterone-
treated patients was 33.0 months and 14.8 months in 
patients who received placebo (HR for disease progression 
or death, 0.47; 95% CI, [0.39, 0.55]; p < .001). In addition, 
patients receiving abiraterone had better outcomes in all 
secondary end points (p < .001 for all comparisons). These 
results led to unblinding the study and allowing crossover. 
In patients receiving abiraterone, Grade 3 hypertension and 
hypokalemia were detected more frequently compared 
with the placebo group (Fizazi et al., 2017).

Enzalutamide.  Enzalutamide, which is reported to have 
significant benefits in both metastatic and nonmetastatic 

castration-resistant prostate cancer was also evaluated in 
the mHSPC setting. Radiographic PFS was investigated 
as the primary end point of this multinational, double-
blind, Phase III trial (ARCHES trial) among 1,150 men 
with mHSPC. The trial identified that the risk of radio-
graphic progression or death was significantly reduced 
with enzalutamide plus ADT versus placebo plus ADT 
(HR, 0.39; 95% CI, 0.30 to 0.50; p < .001; median not 
reached vs. 19.0 months). Enzalutamide plus ADT sig-
nificantly reduced the risk of PSA progression, initiation 
of new antineoplastic therapy, first symptomatic skeletal 
event, castration resistance, and reduced risk of pain pro-
gression (Armstrong et al., 2019).

In an open-label, randomized, Phase 3 trial 
(ENZAMET trial), 1,125 patients were assigned to either 
open-label enzalutamide with ADT or a nonsteroidal 
androgen receptor blocker (standard-care group). The 
primary endpoint was OS. Secondary endpoints included 
PFS as determined by the PSA level, clinical progression-
free survival, and adverse events (Davis et al., 2019).

With a median follow-up of 34 months, this trial 
revealed showed 102 deaths in the enzalutamide group 
and 143 deaths in the standard care. Kaplan-Meier esti-
mates of overall survival at 3 years were 80% (based on 
94 events) in the enzalutamide group and 72% (based on 
130 events) in the standard care group. Better results with 
enzalutamide were also seen in PSA PFS (174 and 333 
events, respectively; hazard ratio [HR] 0.39; p < .001) 
and in clinical progression-free survival (167 and 320 
events, respectively; HR, 0.40; p < .001). In the enzalu-
tamide group, significantly longer PFS and OS were 
detected.

Docetaxel.  Chemotherapy with docetaxel has been proven 
to improve OS in patients with mHSPC, especially those 
with high-volume metastatic disease, according to three 
Phase III studies (CHAARTED, STAMPEDE, and 
GETUG-AFU 15; Gravis et al., 2013; James et al., 2016; 
Sweeney et  al., 2015) which was confirmed in a meta-
analysis involving the data of these three trials (Sathiana-
then et al., 2018).

Metastatic Castration-Resistant Prostate 
Cancer

Metastatic castration-resistant prostate cancer is charac-
terized by disease progression despite suppression of 
gonadal androgens with ADT and results in an increased 
symptom burden and ultimately death (Penson & Litwin, 
2003).

The discovery of androgen receptor-mediated signal-
ing as a principal mechanism of mCRPC progression led 
to the development of novel androgen receptor pathway 
inhibitors of which abiraterone (COU-AA-302 trial) and 
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enzalutamide (PREVAIL trail) are now widely used 
(Watson et al., 2015).

Abiraterone.  In a placebo-controlled, double-blind, ran-
domized Phase 3 study, in 1,088 asymptomatic or mildly 
symptomatic patients with chemotherapy-naive prostate 
cancer, abiraterone acetate plus prednisone significantly 
improved radiographic PFS compared with placebo plus 
prednisone (COU-AA-302 trial).

In this trial stratified by Eastern Cooperative Oncology 
Group (ECOG) performance status (0 vs. 1) was ran-
domly assigned with a permuted block allocation scheme 
via a web response system in a 1:1 ratio to receive either 
abiraterone acetate plus prednisone or placebo plus pred-
nisone. Co-primary endpoints were radiographic PFS 
and OS analyzed in the intention-to-treat population. 
Median OS at a median follow-up of more than 4 years, 
was significantly longer in the abiraterone acetate group 
than in the placebo group (34.7 months 95% CI [32.7, 
36.8] vs. 30.3 months [28.7, 33.3]; HR0.81 95% CI: 
[0.70, 0.93]; p = .0033). The most common Grade 3–4 
adverse events of special interest were cardiac disorders 
(41 [8%] of 542 patients in the abiraterone acetate group 
vs. 20 [4%] of 540 patients in the placebo group), 
increased alanine aminotransferase (32 [6%] vs. four 
[<1%]), and hypertension (25 [5%] vs. 17 [3%]; Ryan 
et al., 2015).

Enzalutamide.  In another Phase 3 trial with enzalutamide, 
1,717 chemotherapy-naive men with mCRPC were ran-
domized to enzalutamide 160 mg or placebo until con-
firmed radiographic disease progression or a 
skeletal-related event and initiation of either cytotoxic 
chemotherapy or an investigational agent for prostate 
cancer treatment (PREVAIL trail; Beer et al., 2014) The 
study results showed that enzalutamide significantly 
reduced the risk of radiographic progression or death in 
all serious adverse events, with HR of 0.22 (p < .001; 
Beer et al., 2014; Rathkopf et al., 2018).

Second-Line mCRPC

Patients with progressing disease and mCRPC who have 
already had an failed chemotherapy with decetaxel or a 
treatment with enzalutamide or abiraterone are catego-
rized into second-line mCRPC.

The efficacy of cabazitaxel compared with mitoxan-
trone after failure on docetaxel was initially demonstrated 
in a randomized trial (J. S. de Bono et  al., 2010). 
Enzalutamide (AFFIRM trial) and abiraterone 
(COU-AA-301) have been studied in patients who had 
undergone chemotherapy with docetaxel.

Moreover, poly (ADP-ribose) polymerase (PARP) 
inhibitor, olaparib (PROfound trial), was studied in 

second-line mCRPC patients who had disease progres-
sion while receiving either enzalutamide or abiraterone.

In addition, in the second-line mCRPC patients with 
exclusively bone metastasis, radium-223 (ALSYMPCA 
trial) was studied as the last therapy option. Lutetium-177 
prostate-specific membrane antigen 617 (LuPSMA-617) 
therapy has been suggested although robust Phase III data 
are still lacking.

Enzalutamide.  In a double-blind, placebo-controlled 
study that stratified 1199 men with CRPC after chemo-
therapy (AFFIRM trial), according to the ECOG perfor-
mance status score and pain intensity, patients were 
randomized to receive oral enzalutamide or placebo. The 
primary end point of this study was OS. The median OS 
was 18.4 months (95% CI, 17.3 to not yet reached) in the 
enzalutamide group versus 13.6 months (95% CI [11.3, 
15.8]) in the placebo group (HR for death in the enzalu-
tamide group, 0.63; 95% CI, [0.53, 0.75]; p < .001). In 
addition, the superiority of enzalutamide over placebo 
was shown with respect to all secondary endpoints: The 
proportion of patients with a reduction in the prostate-
specific antigen (PSA) level by 50% or more (54% vs. 
2%, p < .001), the soft-tissue response rate (29% vs. 4%, 
p < .001), the quality-of-life response rate (43% vs. 18%, 
p < .001), the time to PSA progression (8.3 vs. 3.0 
months; HR 0.25; p < .001), radiographic PFS (8.3 vs. 
2.9 months; HR, 0.40; p < .001), and the time to the first 
skeletal-related event (16.7 vs. 13.3 months; HR, 0.69; p 
< .001). Rates of fatigue, diarrhea, and hot flashes were 
higher in the enzalutamide group. This study confirmed 
that enzalutamide significantly prolongs the survival of 
men with mCRPC after chemotherapy (Loriot et  al., 
2017).

Abiraterone.  A total of 1,195 patients who had previously 
received docetaxel were randomized to receive predni-
sone with either abiraterone acetate or placebo (COU-
AA-301 trial). The primary end point was OS. The 
secondary endpoints included time to PSA progression 
(elevation in the PSA level according to prespecified cri-
teria), PFS according to radiologic findings based on pre-
specified criteria, and the PSA response rate.

After a median follow-up of 12.8 months, OS was lon-
ger in the abiraterone acetate-prednisone group than in 
the placebo-prednisone group (14.8 months vs. 10.9 
months; HR, 0.65; 95% CI [0.54, 0.77]; p < .001). Data 
were unblinded in the interim analysis, as these results 
exceeded the preplanned criteria for study termination. 
All secondary end points, including time to PSA progres-
sion (10.2 vs. 6.6 months; p < .001), PFS (5.6 months vs. 
3.6 months; p < .001), and PSA response rate (29% vs. 
6%, p < .001), favored the treatment group (J. S. de Bono 
et al., 2011).
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Cabazitaxel.  Chemotherapy with cabazitaxel in the sec-
ond-line CRPC has been reported to be successful (J. S. 
de Bono et al., 2010). Last year, a multicenter random-
ized open-label Phase II trial was published that had ran-
domly assigned patients to receive cabazitaxel plus 
prednisone (group A) or physician’s choice of enzalu-
tamide or abiraterone plus prednisone (group B) at stan-
dard doses. Patients could cross over at progression. The 
primary endpoint was clinical benefit rate for first-line 
treatment (defined as prostate-specific antigen response 
≥50%, radiographic response, or stable disease ≥12 
weeks). Although only 95 patients were included (median 
follow-up 21.9 months), the first-line clinical benefit rate 
was reported to be greater in the cabazitaxel group (80% 
vs. 62%, p = .039). OS was not different between the 
cabazitaxel and other treatments (median 37.0 vs. 15.5 
months, HR = .58, p = .073) nor was time to progression 
(median 5.3 versus 2.8 months, HR = .87, p = .52; 
Annala et al., 2021).

Radium-223.  A Phase 3, double-blind, randomized trial 
(ALSYMPCA trial) enrolled 921 men who had symptom-
atic CRPC with two or more bone metastases and no 
known visceral metastases, who were receiving the best 
standard of care, and had previously either received or 
were unsuitable for docetaxel.

Patients were stratified by previous docetaxel use, 
baseline total alkaline phosphatase level, and current 
bisphosphonate use, then randomly assigned (2:1) to 
receive either six intravenous injections of radium-223 
(50 kBq/kg) or a matching placebo. Radium-223 pro-
longed median OS with placebo, irrespective of previous 
docetaxel use (previous docetaxel use, HR 0·70, 95% CI 
[0.56, 0.88]; p = 0·002; no previous docetaxel use, HR 
0.69, 95% CI [0.52, 0.92]; p = .01). The benefit of 
radium-223 compared with placebo was seen in both 
docetaxel subgroups for most main secondary efficacy 
endpoints; risk for time to time to first symptomatic skel-
etal event was reduced with radium-223 versus placebo 
in patients with previous docetaxel use, but the difference 
was not significant in those with no previous docetaxel 
use. In all, 322 (62%) of 518 patients previously treated 
with docetaxel had grade 3 to 4 adverse events, compared 
with 205 (54%) of 383 patients without docetaxel (Hoskin 
et al., 2014).

Olaparib.  Multiple loss-of-function alterations in genes 
that are involved in DNA repair, including homologous 
recombination repair, are associated with response to 
poly (adenosine diphosphate-ribose) polymerase (PARP) 
inhibition in patients with prostate and other cancers. 
Olaparib is the first PARP inhibitor that has been intro-
duced for prostate cancer treatment.

A randomized, open-label, Phase 3 trial evaluated 
olaparib in men with mCRPC who had disease progres-
sion while receiving either enzalutamide or abiraterone 
(PROfound trial). All included patients had a qualifying 
alteration in prespecified genes with a direct or indirect 
role in homologous recombination repair. Cohort A (245 
patients) had at least one alteration in BRCA1, BRCA2, or 
ATM; cohort B (142 patients) had alterations in any of 12 
other prespecified genes, prospectively and centrally 
determined from tumor tissue. Patients were randomly 
assigned (in a 2:1 ratio) to receive olaparib or the physi-
cian’s choice of enzalutamide or abiraterone (control). 
The primary endpoint was imaging-based PFS in Cohort 
A according to a blinded independent central review. In 
cohort A, imaging-based PFS was significantly longer in 
the olaparib group than in the control group (median, 7.4 
months vs. 3.6 months; hazard ratio for progression or 
death, 0.34; 95% CI [0.25, 0.47]; p < .001); a significant 
benefit was also observed with respect to the confirmed 
objective response rate and the time to pain progression. 
The median OS in Cohort A was 18.5 months in the 
olaparib group and 15.1 months in the control group; 
81% of the patients in the control group who had progres-
sion crossed over to receive olaparib. A significant bene-
fit for olaparib was also seen for imaging-based PFS in 
the overall population (Cohorts A and B). Anemia and 
nausea were the main toxic effects in patients who 
received olaparib (J. de Bono et al., 2020).

Lutetium.  Lutetium-177 prostate-specific membrane anti-
gen 617 (LuPSMA-617) is a radiolabeled small-molecule 
peptide that targets the prostate-specific membrane anti-
gen (PSMA) receptor, which is highly expressed on pros-
tate cancer (PCa) cells, to deliver targeted beta-particle 
therapy. Single-center studies of LuPSMA-617 have 
demonstrated good safety and efficacy (Emmett et  al., 
2019; Hofman et al., 2018; Violet et al., 2020).

An open-label, Phase 3 trial evaluating 
177Lu-PSMA-617 (VISION trial) included 831 patients 
who had mCRPC and were previously treated with at 
least one androgen-receptor–pathway inhibitor and one 
or two taxane regimens and who had PSMA-positive gal-
lium-68 (68Ga)–labeled PSMA-11 PET-CT scans (Sartor 
et al., 2021).

Patients were randomly assigned in a 2:1 ratio to receive 
either 177Lu-PSMA-617 plus protocol-permitted standard 
care or standard care alone. Protocol-permitted standard 
care excluded chemotherapy, immunotherapy, radium-223 
(223Ra), and investigational drugs. The study reported that 
as compared with standard care, both imaging-based PFS 
(median, 8.7 vs. 3.4 months) and OS (median, 15.3 vs. 11.3 
months) were prolonged in the 177Lu-PSMA-617 plus  
standard care group. All the key secondary endpoints 
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significantly favored 177Lu-PSMA-617. The incidence of 
adverse events of Grade 3 or above was higher with 
177Lu-PSMA-617 than without (52.7% vs. 38.0%), but the 
quality of life was not adversely affected (Sartor et  al., 
2021).

Discussion

The emergence of new data on new treatment modalities 
for prostate cancer in the COVID-19 era has been par-
tially undetected by clinicians who are not particularly 
active in research on this topic.

Prostate cancer treatment is patient-tailored but can 
roughly be categorized as localized prostate cancer, 
nmCRPC, mHSPC, mCRPC, and second-line mCRPC 
(Figure 1).

Abiraterone and enzalutamide have never been com-
pared head to head and have shown similar activity and 
can both be used in HSPC as well as first-line treatment 
for mCRPC.

In chemotherapy-naive patients with prostate cancer, 
abiraterone plus prednisone has shown to bring an OS 
benefit when compared with placebo plus prednisone 
(Ryan et al., 2015). A separate Phase 3 trial has demon-
strated the same results in the same group of patients for 
enzalutamide (Beer et al., 2017) that also improved OS 
compared with placebo. In addition, both drugs have also 
shown improvements in time to PSA as well as time to 
radiographic progression, frequency of skeletal-related 
events, and quality of life (Khalaf et al., 2019). The major 
unanswered question is the proper sequencing of the 
available treatment modalities.

Awareness of nmCRPC has risen due to increased use 
of ADT and its eventual failure to prevent rapid progres-
sion to the metastatic state of the disease (Lokeshwar 
et  al., 2021). In this setting, three trials (PROSPER, 
SPARTAN, and ARAMIS) have shown a beneficial 
effect of novel nonsteroidal antiandrogen agents for 
treating high-risk nmCRPC (Lokeshwar et  al., 2021). 
The data from the SPARTAN study, which evaluated the 
outcomes of apalutamide treatment versus placebo in 
patients with nmCRPC, have shown a significant OS 
benefit (Fenner, 2020). As apalutamide has only been 
approved for nmCRPC and mHSPC, it cannot be pre-
scribed in the later stages of the disease such as mCRPC 
or second-line mCRPC. In addition, darolutamide, 
another agent that is only approved for the setting of 
nmCRPC, has been shown to reduce the risk of death 
significantly in comparison to placebo in prostate cancer 
patients treated with ADT (ARAMIS; Fizazi et al., 2020) 
Enzalutamide is the third agent that has been approved 
for the nmCRPC setting with beneficial effects 
(PROSPER) in terms of time to clinically meaningful 
pain progression, time to clinically meaningful symptom 

worsening and time to clinically meaningful deteriora-
tion in hormonal treatment-related symptoms (5). It 
seems practical to offer patients in the nmCRPC, apalu-
tamide, or darolutamide before enzalutamide treatment 
is given as apalutamide and darolutamide are not 
approved for the later stages of the disease (mCRPC and 
second line mCRPC). There have been no studies com-
paring darolutamide, enzalutamide, and apalutamide so 
that no recommendation can be made about the choices 
between these two drugs.

In the setting of mHSPC, apalutamide should be con-
sidered the first choice next to the ADT as the agent has 
not been approved for the later stages of the disease.

As the next step, in mHSPC, enzalutamide or abi-
raterone must be considered. However, the sequencing 
of these two drugs has been a matter of debate. To date, 
there has been one multicenter, randomized, open-label, 
Phase 2, crossover trial conducted in six cancer centers 
in British Columbia and Canada, which looked into the 
question of sequencing abiraterone and enzalutamide. 
This study enrolled 202 patients were enrolled and ran-
domly assigned them to either (Group A) who receive 
abiraterone plus prednisone until PSA progression fol-
lowed by crossover to enzalutamide (Group A), or the 
opposite sequence (Group B). Time to second PSA pro-
gression was longer in Group A than in Group B (median 
19.3 vs. 15.2 months). Moreover, this study showed 
enzalutamide benefit as a second-line novel androgen 
receptor pathway inhibitor, whereas abiraterone did not 
show any benefit in the setting given after enzalutamide. 
Hence, these data suggest that using a sequencing strat-
egy of abiraterone acetate followed by enzalutamide 
provides the greatest clinical benefit (Khalaf et  al., 
2019).

In the setting of mCRPC, abiraterone and enzalu-
tamide should both be considered in asymptomatic or 
mildly symptomatic patients. In addition, in men with 
mCRPC who had disease progression while receiving 
enzalutamide or abiraterone and who had alterations in 
genes with a role in homologous recombination repair, 
olaparib has been shown to be associated with longer PFS 
and better measures of response and patient-reported end-
points than either enzalutamide or abiraterone (28). 
Hence, in this setting, rather than a switch between abi-
raterone and enzalutamide or vice versa olaparib should 
be the first choice.

In the setting of second-line mCRPC and patients pro-
gressing after an androgen receptor axis–targeted therapy 
and/or docetaxel, two different alternatives have been 
identified to be beneficial in Phase 3 clinical trials. First, 
a targeted strategy using PARP inhibitors, and second, a 
nontargeted chemotherapy strategy using cabazitaxel. 
Until today, there is no direct randomized evidence to 
compare PARP inhibitors with cabazitaxel.
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A study that investigated whether cabazitaxel still pro-
vided a benefit as a third-line agent after progression on 
docetaxel and one ARAT. Compared with the ARAT 
agent not previously used (CARD trial), this showed sig-
nificant improvement in radiographic PFS of 8.0 versus 
3.7 months favoring cabazitaxel (HR 0.54; p < .001). OS 

was also statistically higher with cabazitaxel (13.6 vs. 
11.0 months, HR 0.64; p = .008; de Wit et al., 2019).

In contrast to cabazitaxel, PARP inhibition represents 
a targeted approach to mCRPC treatment. Two PARP 
inhibitors, olaparib and rupacarib, have been approved 
for patients who have progressed on docetaxel and whose 

Figure 1.  An Overview of Approved Drugs for Each State of Prostate Cancer Disease.
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tumors harbor deleterious aberrations in DNA repair 
genes. It has been reported that these deleterious aberra-
tions are present in up to 30% of patients with mCRPC 
(Mateo et  al., 2015). Among the most common genes 
altered are BRCA1 and BRCA2. It is believed that such 
gene alterations confer sensitivity to PARP inhibition 
(Mateo et al., 2020).

Chemotherapy with docetaxel has been proven to 
improve OS in patients with mHSPC, especially those 
with high-volume metastatic disease, in symptomatic 
mCRPC patients as well second-line mCRPC (Gravis 
et al., 2013; James et al., 2016; Sathianathen et al., 2018; 
Sweeney et al., 2015). Robust data are lacking regarding 
the optimal sequencing of docetaxel versus abiraterone or 
enzalutamide. Therefore, the sequencing of prostate can-
cer therapy in these settings remains up to the patient’s 
wish and performance score as well as the physician’s 
preference.

When all other therapy options are used, Radium-223 
and Lutetium therapy must be considered as last resort 
therapy in patients who still desire further therapy and are 
fit enough to withstand the side effect of these 
treatments.

In conclusion, the choice of drug therapy for prostate 
cancer must be patient-tailored through shared decision-
making between patients and physicians based on differ-
ing adverse effect profiles and other differing parameters 
between the available therapeutic modalities.
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