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Abstract: The therapeutic landscape of metastatic hormone sensitive and metastatic castration-resistant prostate cancer (mCRPC) is 
rapidly changing. We reviewed the current treatment options for mCRPC, with insights on new available therapeutic strategies. 
Chemotherapy with docetaxel or cabazitaxel (for patients progressing on docetaxel), as well as treatment with androgen receptor axis 
targeted therapies, and Radium-223 are well-established treatment options for patients with mCRPC. The advent of theragnostic in 
prostate cancer established Lutetium-177 (177Lu)–PSMA-617 as a new standard of care for PSMA-positive mCRPC previously 
treated with ARAT and taxane-based chemotherapy. Olaparib, a poly-ADP-ribose polymerase (PARP) inhibitor, is approved for 
selected patients with mCRPC progressed on ARATs and in combination with abiraterone acetate as first-line treatment for mCRPC. 
Immunotherapy showed limited efficacy in unselected patients with mCRPC and novel immunotherapy strategies need to be explored. 
The search for biomarkers is a growing field of interest in mCRPC, and predictive biomarkers are needed to support the choice of 
treatment and the development of tailored strategies. 
Keywords: metastatic castration resistant prostate cancer, chemotherapy, androgen-receptors axis targeted therapies, PARP inhibitors, 
theragnostic, predictive biomarkers

Introduction
Prostate cancer (PCa) is the first malignant tumor in male population by incidence and second by death, with 27% of new 
diagnoses of all incident cancer cases in men every year and 11% of all cancer-related deaths.1 Localized PCa has 
survival rates >90% at 5 years, which decrease to 31% in advanced and metastatic settings.2

Androgen deprivation therapy (ADT) is a backbone therapy for metastatic hormone-sensitive prostate cancer 
(mHSPC). In years, many other compounds were introduced in the treatment of mHSPC in combination with ADT: 
chemotherapy (docetaxel), androgen receptor axis targeted therapies (ARATs) such as abiraterone acetate, enzalutamide, 
apalutamide, and darolutamide.3

However, most of the patients develop metastatic castration-resistant prostate cancer (mCRPC), a condition that 
carries a worse prognosis. CRPC is defined as biochemical progression while on ADT, defined by three consecutive rises 
in PSA at least one week apart, or as radiological progression with castration serum testosterone levels, below 50 ng/dL.4

In the last years, the landscape of mCRPC treatment has deeply changed, with the introduction of several new 
compounds. The choice of the best option as first-line therapy [Table 1] and what to use in further lines [Table 2] depends 
on several factors, such as the treatment previously received, clinical conditions of the patient, metastatic sites and other 
tumour characteristics. For this reason, the correct sequence treatment is not well defined.
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We aimed to perform a review of the literature on mCRPC treatment landscape, with insights into currently available 
drugs and innovative treatment options.

Chemotherapy
Taxanes – docetaxel and cabazitaxel – are the most active chemotherapy drugs currently used for the treatment of 
mCRPC.

Docetaxel
Docetaxel is a semisynthetic taxane with a high cytotoxic effect that inhibits microtubular depolymerization, leading to 
cell arrest in the G(2)M phase of the cell cycle, promoting a cascade of events that ultimately leads to apoptotic cell 
death.23

Table 1 Characteristics of Main Studies First- and Second-Line Treatment of mCRPC

Compound Study Study Characteristics Outcomes

Docetaxel SWOG-99165 674 patients:
● 338 intervention arm (docetaxel 60 mg/m2 every 3 weeks)
● 336 control arm (mitoxantrone 12 mg/m2 every 3 weeks)

OS: 17.5 vs 15.6 mo 
PFS: 6.3 vs 3.2 mo

TAX 3276 1006 patients:
● 335 arm A (docetaxel 75 mg/m2 every 3 weeks)
● 334 arm B (docetaxel 30 mg/m2 weekly)
● 337 arm C (mitoxantrone 12 mg/m2 every 3 weeks)

OS: 18.9 (arm A) vs 17.4 (arm B) vs 

16.5 (arm C)

Abiraterone 

acetate

COU-AA 3027 1088 patients:
● 546 intervention arm (abiraterone acetate 1 g daily)
● 542 placebo arm

OS: 34.7 vs 30.3 mo 

rPFS: 16.5 vs 8.2 mo

Enzalutamide PREVAIL8,9 1717 patients:
● 872 intervention arm (enzalutamide 160 mg daily)
● 845 placebo arm

OS: 36 vs 31 mo 

rPFS: 20 vs 5.4 mo

Sipuleucel-T IMPACT 201010 512 patients:
● 341 intervention arm (sipuleucel-T 3 infusion ev every 3 

weeks)
● 171 placebo arm

OS: 25.8 vs 21.7 mo

Cabazitaxel TROPIC11 755 patients:
● 378 intervention arm (cabazitaxel 25 mg/m2 every 3 weeks)
● 377 control arm (mitoxantrone 12 mg/m2 every 3 weeks)

OS: 15.1 vs 12.7 mo 

PFS 2.8 vs 1.4 mo

CARD12 225 patients:
● 129 intervention arm (cabazitaxel 25 mg/m2 every 3 weeks)
● 26 agents control arm (abiraterone or enzalutamide based 

on first-line)

OS: 13.6 vs 11 mo 
rPFS: 8 vs 3.7 mo

Abiraterone 

acetate

COU-AA-30113 1195 patients:
● 797 intervention arm (abiraterone acetate 1 g daily)
● 398 placebo

OS: 15.8 vs 11.2 

PFS 5.6 vs 3.6 mo

Enzalutamide AFFIRM14 1199 patients:
● 800 intervention arm (enzalutamide 160 mg daily)
● 399 placebo arm

OS: 18.4 vs 13.6 mo 
rPFS: 8.3 vs 2.9 mo

Radium-223 ALSYMPCA15 921 patients:
● 614 intervention arm (radium22350kBq/kg every 4 weeks)
● 307 placebo arm

OS: 14.9 VS 11.3 mo
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Two historical trials support the efficacy of docetaxel in mCRPC. SWOG 99–16 is a randomized Phase III trial 
that included 674 patients randomized to receive docetaxel and estramustine (D/E arm) or mitoxantrone and 
prednisone (M/P arm).5 The results showed a higher median overall survival (mOS) in patients treated with 
docetaxel and estramustine compared to those treated with mitoxantrone and prednisone (17.5 vs 15.6 months; 
HR for death 0.80).5 The median progression-free survival (mPFS) was longer in the D/E arm compared to the M/P 
arm (6.3 vs 3.2 months), with a higher rate of PSA decline of at least 50% vs 27%.5

TAX 327 is a randomized phase III trial that included 1006 men with mCRPC and compared docetaxel (given either 
every three weeks or weekly) plus daily prednisone to mitoxantrone plus prednisone.6 This study confirmed the results of 
the previous SWOG 99-16, with mOS of 18.9 months for patients treated with docetaxel administered every three weeks, 
compared to 16.5 months for patients treated with mitoxantrone.6

Table 2 Characteristics of Main Studies of Other-Lines of mCRPC

Compound Study Study Characteristics Outcomes

PARP inhibitors Olaparib PROfound16 387 patients:
● 245 patients cohort A (one alteration in 

BRCA1/2 or ATM)
● 142 patients cohort B (another prespecified 

gene alteration)

Patients received Olaparib 200 mg twice 

daily or ARATs based on physician choice

OS: 18.5 vs 15.1 mo (cohort A) 
rPFS: 7.4 vs 3.6 mo (cohort A) 

OS: 14.1 vs 11.5 mo (cohort B) 

rPFS: 5.8 vs 3.5 mo (cohort A+B)

Rucaparib TRITON2 

(Phase II)17

115 patients (BRCA mutated) received 600 mg 

twice daily

ORRs: 43.5% (independent radiology 

review) and 50.8% (investigator 
assessment). 

PSA response rate 54.8%

Talazoparib TALAPRO-1 

(phase II)18

128 patients (HRR alteration, already treated 

with ARATs), received Talazoparib 1 mg daily

Overall soft tissue response: 29.8%

PI3K/AKT/ 

mTOR 
inhibitors

Ipatasertib IPAtential150 

(phase III)19

1101 patients untreated for mCRPC, with or 

without PTEN loss:
● 547 intervention arm (ipatasertib 400 mg/ 

die, abiraterone 1 g/die)
● 554 control arm (placebo, abiraterone 1 g/ 

die)

PTEN loss population 

rPFS: 18.5 vs 16.5 mo

Capitavasertib ProCAID 
(phase II)20

150 patients:
● 75 intervention arm (capivasertib 320 mg 

twice daily)
● 75 placebo arm

OS: 31.1 vs 20.2 mo 
cPFS: 7.03 6.7 mo

Theragnostic 177Lu-PSMA 

-617

VISION21 831 patients:
● 551 intervention arm (177Lu-PSMA-617 7.4 

GBq every 6 weeks for 4–6 cycles)
● 280 control arm (standard care)

OS: 15.3 vs 11.3 mo 

rPFS 8.7 vs 3.4 mo

Immunotherapy Pembrolizumab KEYNOTE- 

199 (phase II)22

258 patients:
● 133 patients in cohort 1 (PD-L1 positive)
● 66 patients in cohort 2 (PD-L1 negative)
● 59 patients in cohort 3 (predominance of 

bone metastases, regardless of PD-L1 

expression)

OS: 

9.5 (cohort 1) vs 7.9 (cohort 2) vs 14.1 

(cohort 3) mo
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Cabazitaxel
Cabazitaxel is a microtubule inhibitor belonging to the taxanes family. In vitro studies showed that all taxanes have 
a certain cross resistance, but cabazitaxel showed the lowest rate of cross-resistance compared to paclitaxel and 
docetaxel.24 This important property justifies the use of cabazitaxel for the treatment of mCRPC previously treated 
with a docetaxel-containing treatment regimen.4

De Bono et al demonstrated the superiority of cabazitaxel plus prednisone compared to mitoxantrone plus prednisone 
in patients with mCRPC with evidence of disease progression during or after treatment with docetaxel (TROPIC trial).11 

A total of 755 patients were randomly assigned to receive either 12 mg/mq mitoxantrone or 25 mg/mq cabazitaxel every 
3 weeks, plus 10 mg oral prednisone daily.11 Median OS was 15.1 months in the cabazitaxel group and 12.7 months in 
the mitoxantrone group. Median PFS was 2.8 months and 1.4 months, respectively. Most common clinically significant 
adverse events were neutropenia and diarrhea, which are more frequent in cabazitaxel group.11

Another milestone in defining the correct therapeutic sequence of the mCRPC is the CARD trial, which evaluated the 
efficacy of cabazitaxel compared to ARATs (abiraterone acetate or enzalutamide) in patients with mCRPC who were 
previously treated with docetaxel and had progression within 12 months while receiving the alternative inhibitor 
(abiraterone or enzalutamide). A total of 255 patients underwent randomization. mOS was longer with cabazitaxel 
compared to ARATs (13.6 months vs 11.0 months). mPFS too was longer with cabazitaxel (4.4 vs 2.7 months with 
ARATs).12 Despite the results of the CARD study, the best treatment option in patients who have progressed in more than 
12 months to an ARATs used as second line after docetaxel is still being discussed. However, based on the available 
evidence, even in this category of patients the preferred choice often remains cabazitaxel.

Platinum Chemotherapy
Platinum-based chemotherapy – cisplatin or carboplatin – has shown limited activity in molecular unselected prostate 
cancer.25 Taxane-platinum combinations have been demonstrated to be active in patients with mCRPC in multiple Phase 1 
and 2 studies.26,27 The association of cabazitaxel with carboplatin may be an option of treatment for patients with specific 
features as aggressive variants mCRPC (ie, visceral metastases, low PSA and bulky disease, high lactate dehydrogenase 
[LDH], high carcinoembryonic antigen [CEA], lytic bone metastases, neuroendocrine histological type, or unfavorable 
genomics as defects in at least 2 of PTEN, TP53, and RB1).28 In a Phase I–II trial, the combination of cabazitaxel- 
carboplatin demonstrates a longer PFS of 2.8 months compared to cabazitaxel alone.29 In another study, 20 patients with 
mCRPC were treated with intravenous docetaxel, intravenous carboplatin and oral estramustine. The median OS was 11 
months and prostate-specific antigen progression-free survival was 6.5 months.30

Androgen-Receptors Axis Targeted Therapies (ARATs)
The mechanism of development and growth of CRPC is linked to increasing levels of intra-tumoral androgen levels for 
an up-regulation of androgen biosynthesis enzymes.31 Also, an overexpression of androgen receptors (AR) and the 
appearance of mutated forms leads to an extension of the tumor.31 ARATs, as abiraterone acetate and enzalutamide, are 
a class of compounds approved for the treatments of mCRPC, with different mechanisms of action.

Abiraterone Acetate
Abiraterone acetate is an oral irreversible inhibitor of the 17α-hydroxylase/C17,20 lyase (CYP17A1), a steroidal enzyme 
involved in androgen biosynthesis. Blockade of CYP17A1 inhibits the conversion of 17-hydroxypregnenolone to dehydroe
piandrosterone (DHEA), leading to reduction of serum levels of testosterone and other androgens.32 This blockade also results 
in an accumulation of upstream mineralocorticoids like 11-deoxycorticosterone leading to secondary hyperaldosteronism; for 
this reason, abiraterone needs to be co-administered with corticosteroids.32

Abiraterone acetate was first evaluated in patients affected by mCRPC progression after docetaxel in the COU-AA-301 
phase III trial.13 A total of 1195 eligible patients were randomly assigned (ratio 2:1) to receive abiraterone acetate (1000 mg 
once daily) plus prednisone (5 mg twice daily) or placebo plus prednisone. Abiraterone showed statistically significant 
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superiority over placebo in terms of mOS (15.8 vs 11.2 months, HR 0.74) and median radiologic progression-free survival 
(mrPFS; 5.6 vs 3.6 months, HR 0.66).13

A similar study was conducted by the same authors, evaluating abiraterone as a first-line treatment. COU-AA-302 is 
a randomized phase III trial that included 1088 patients with chemotherapy-naive mCRPC. Patients were randomized to 
receive either abiraterone acetate plus prednisone or placebo plus prednisone. At a median follow-up of more of 4 years, 
abiraterone acetate plus prednisone (AAP) significantly prolonged OS compared to placebo group (mOS 34.7 vs 30.3 
months; HR 0.81).7

Enzalutamide
Enzalutamide is an oral androgen receptor signaling inhibitor with a high affinity for androgen receptor (AR). It acts at 
three distinct levels of the signaling pathway, preventing binding of testosterone-AR, nuclear translocation of activated 
receptors and association with DNA.33,34

As for abiraterone, enzalutamide was first evaluated in patients who progressed after chemotherapy. In the AFFIRM 
clinical trial, 1199 mCRPCs were randomized with a 2:1 ratio to receive enzalutamide or placebo.14 mOS was 18.4 
months in the enzalutamide group vs 13.6 months in placebo group, with a decreased risk of death of about 37% (HR 
0.63).14 Moreover, in a post-hoc analysis of the AFFIRM trial, enzalutamide demonstrated its superiority in patients with 
visceral (liver and/or lung) metastases in terms of mPFS, mOS and time to PSA progression.35

In the PREVAIL phase III trial, enzalutamide significantly improved clinical outcomes versus placebo in patients with 
chemotherapy-naïve mCRPC.8,36 At a final 5-yr survival analysis, enzalutamide reduced the hazard of death by 17% (HR 
0.83), with a mOS of 36 months vs 31 months in the placebo group.8,9

Radionuclide Treatments
Radium-223
Bone metastases are common sites of disease for patients with mCRPC, resulting in a dysregulation in the bone 
resorption cycle, with abnormal bone formation.37

Radium-223 is a α-emitter radionuclide that selectively binds areas of increased metabolic activity and emits high- 
energy alpha particles with minimal penetration of surrounding tissue, including bone marrow, which minimizes 
myelosuppression37 These radiation induces a break of DNA-double strand, which is identified as principal mechanism 
of action of Radium-223.37

ALSYMPCA is a Phase III, randomized, double-blind clinical trial that randomized 921 patients affected by mCRPC, with 
at least two symptomatic bone metastases and no evidence of visceral metastases, to receive Radium-223 or placebo. Radium- 
223 was administered as six intravenous infusions every 4 weeks.15 Included patients must have received docetaxel as 
previous line of treatment, or they had to be ineligible or refusing chemotherapy. mOS with Radium-223 was 14.9 months 
compared with 11.3 months in the placebo arm (HR 0.70).15 Moreover, Radium-223 significantly prolonged time to first 
symptomatic skeletal event. The overall incidence of adverse events was consistently lower in the radium-223 group than in 
the placebo group for adverse events of all grades, grade 3 or 4 adverse events, and serious adverse events.15

The Phase 3 ERA 223 trial randomized patients with chemotherapy-naïve CRPC and asymptomatic or mildly 
symptomatic bone metastases to receive abiraterone with or without Radium-223.38 The study was unblinded prema
turely after more fractures and deaths detected in the Radium-223 group than in the placebo arm, and it did not meet the 
primary endpoint of symptomatic skeletal event-free survival in the intention-to-treat population. Therefore, the use of 
the combination of radium-223 and abiraterone is not permitted. The European Medicines Agency’s Pharmacovigilance 
Risk Assessment Committee has restricted the use of Radium-223 to patients who have received at least two lines of 
systemic treatment for CRPC (abiraterone/enzalutamide and docetaxel) or who are ineligible for these treatments.39

Lu-PSMA-617
In recent years, there has been a growing interest in theragnostic techniques, such as the use of Prostate Specific Membrane 
Antigen (PSMA)-Targeted Radioligands for PCa. Theragnostic is a treatment strategy that combines therapeutics with 
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diagnostics. It associates both a diagnostic test that identifies patients most likely to be helped or harmed by a new 
medication and targeted drug therapy based on the test results. Furthermore, theragnostic aims to monitor the response to 
the treatment, to increase drug efficacy and safety.40

PSMA is highly expressed in PCa cells, making PSMA a reliable tissue biomarker for PCa functional imaging. 
Several PSMA ligands for PET imaging are now being explored worldwide.

Lutetium-177 (177Lu)–PSMA-617 is a radioligand that delivers beta-particle radiation selectively to PSMA-positive 
cells and the surrounding microenvironment (Figure 1).21

ANZUP-1603 (TheraP trial) is a randomized Phase 2 trial that compared the activity and safety of 177Lu-PSMA-617 
vs cabazitaxel in mCRPC.41 This trial demonstrated an increase in the percentage of patients with PSA reduction of more 
than 50% compared to baseline with 177Lu-PSMA-617, with a superiority also in terms of mPFS, Objective Response 
Rate (ORR), safety and patient reported outcomes (PROs).

Figure 1 Lutetium-177-PSMA-617 mechanism of action. Prostate-Specific Membrane Antigen (PSMA) is a type II transmembrane glycoprotein. It is mainly expressed in 
prostate tissue but can also be expressed in the peripheral and central nervous system, small intestine, and salivary gland tissues. In aggressive forms of prostate cancer 
PSMA is significantly overexpressed, making it an important target for both imaging and treatment of prostate cancer. Compared to whole antibodies, small molecule 
inhibitors like PSMA-617 can bind to PSMA more rapidly and with higher affinity, making them ideal for radionuclide therapy. Lutetium-177 (177Lu) is a β-emitter complex 
with a PSMA-binding small molecule inhibitor (PSMA- 617) (1). 177Lu-PSMA-617 binds rapidly to PSMA (2) and is endocytosed into the cell (3), where it remains over the 
6.7-day half-life of 177Lu. The β-decay of 177Lu (4) induces different types of DNA damage (6), including both single-strand breaks (SSBs) and double-strand breaks (DSBs). 
Furthermore, 177Lu has a maximal tissue penetration of about 2 mm, so it can reach even adjacent cells (5) that may express lower levels of PSMA. 177Lu also emits low 
energy γ-rays on decay, enabling image acquisition and dosimetric calculation using SPECT (7) or planar scintigraphy. This theranostic approach allows for direct visualization 
of tumour and normal tissues, while also providing the ability to estimate the delivered dose of radiotherapy.
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A subsequent randomized phase III trial, the VISION trial, enrolled a total of 831 patients affected by mCRPC 
previously treated with at least one ARATs and one or two taxanes, and with PSMA-positive status as determined with 
the use of centrally read gallium-68 (68Ga)–labeled PSMA-11 (68Ga-PSMA-11) PET–CT imaging.21 These patients were 
randomly assigned to receive either 177Lu-PSMA-617 (7.4 GBq every 6 weeks for four to six cycles) or standard of care, 
excepted for chemotherapy, immunotherapy or radium-223.21 mOS and mrPFS were statistically longer in patients 
treated with 177Lu-PSMA-617 compared to control arm (mOS: 15.3 vs 11.3 months; mrPFS, 8.7 vs 3.4 months).21 

Adverse events were documented with higher incidence in 177Lu-PSMA-617 group, but with not significantly worsening 
of quality of life.21

Based on these studies, 177Lu-PSMA-617 is currently considered as the treatment of choice in patients affected by 
mCRPC with progression after at least one line with taxanes and one line with ARATs.

Targeted Therapies
Poly-ADP-Ribose Polymerases (PARP) Inhibitors
Germline mutations in Homologous Recombination DNA repair (HRR) genes have been observed in approximately 10– 
15% of patients with metastatic PCa, while somatic mutations occur in 20–25% of these patients, with BRCA2 and ATM 
being the most frequently mutated.42 HRR genes are involved in transcriptional regulation and repair of double-strand 
DNA damage breaks (DSBs) in the DNA molecule.

Poly-ADP-ribose polymerases (PARPs) belong to a protein family that repair single-strand DNA breaks.43,44 PARP 
inhibitors (PARPi) are a new class of compounds developed for the treatment of different diseases with HRR deficiency, such 
as ovarian, breast and prostate cancer.45 The inhibition of PARP1 alone is not lethal for the cell, but when these pathways of 
repair are inefficient, the inhibition of PARP causes cell death (Figure 2).44 The first trial that led to the approval of a PARPi for 
PCa is PROfound, a trial that studied the role of olaparib in men with mCRPC who had disease progression during or after 
therapy with ARATs.16,46 Patients were divided into two cohorts. Cohort A included 245 patients with at least one alteration in 
BRCA1, BRCA2, or ATM, and cohort B included 142 patients with at least one alteration in any other prespecified genes.16 

Patients in each cohort were randomly assigned to receive either olaparib or the physician’s choice of enzalutamide or 
abiraterone. In cohort A, the primary endpoint of imaging-based PFS was significantly longer in the olaparib group than in the 
control group (median, 7.4 months vs 3.6 months; HR for progression or death, 0.34; 95% confidence interval, 0.25 to 0.47; 
P < 0.001). Olaparib also had a benefit in terms of imaging-based progression-free survival in the overall population (cohorts 
A and B). Median OS in cohort A was 18.5 months with olaparib and 15.1 months with control therapy. In cohort B, the 
median OS was 14.1 months with olaparib and 11.5 months with control therapy.16 Based on the greater advantage seen in 
cohort A, European guidelines recommend the use of olaparib after new hormonal agents only for patients with mCRPC and 
alteration in BRCA1 or BRCA2,39 while the drug is approved for patients with pathogenic mutation (germline and/or somatic) 
in a homologous recombination repair gene (BRCA1, BRCA2, ATM, BARD1, BRIP1, CDK12, CHEK1, CHEK2, FANCL, 
PALB2, RAD51B, RAD51C, RAD51D, or RAD54L) in the United States.28

Recent data suggest a combined antitumor effect when the PARP inhibitors are combined with next-generation 
hormonal agents such as abiraterone to treat mCRPC.

In the PROpel phase III trial, patients were randomized to receive olaparib plus abiraterone and prednisone/ 
prednisolone or placebo plus abiraterone and prednisone/prednisolone in the first-line mCRPC setting, regardless of 
HRR status.47 The combination therapy significantly prolonged imaging-based progression-free survival (ibPFS) com
pared to abiraterone alone (median 24.8 vs 16.6 months, hazard ratio, 0.66; 95% confidence interval [CI], 0.54 to 0.81; 
P < 0.001).47 At the data cut-off, OS data were immature. Recently, the combination of olaparib and abiraterone has 
received approval in the European Union for the treatment of first-line mCRPC.

A trial conducted in the same setting, the MAGNITUDE phase III trial, evaluated the combination of abiraterone and 
prednisone/prednisolone plus niraparib or placebo as first-line therapy in patients affected by mCRPC with and without HRR 
gene alterations.48 Patients were divided into two cohorts based on the presence or absence of HRR mutations and then 
randomized to receive combination therapy or abiraterone alone. First results of MAGNITUDE were presented at the 2022 
Genito-Urinary American Society of Clinical Oncology (GU ASCO) annual meeting and showed that niraparib + abiraterone 
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acetate/prednisone significantly improved rPFS in the BRCA1/2 subgroup, reducing the risk of progression or death by 47% 
(16.6 vs 10.9 months) and in all HRR biomarker positive patients by and 26% (16.5 vs 13.7 months; HR 0.74, 95% CI 0.57– 
0.97). Contrary to the PROpel study, there was no evidence of benefit with the addition of the PARPi to abiraterone in patients 
without HRR alterations.

Other PARPi that showed a good antitumor activity in Phase II trials are Rucaparib and Talazoparib.

Figure 2 PARP inhibitors mechanism of action. DNA damage and PARPsThe most common type of DNA damage is DNA Single-Strand Break or SSB (1), which is repaired 
mostly by PARP-dependent Base Excision Repair (BER) pathway (2).The PARP (Poly ADP-Ribose Polymerase) enzyme family can catalyze the transfer of ADP-ribose to 
target proteins. Some isoforms of PARP family have the function of detecting and initiating an immediate response to DNA SSBs. Once a SSB is detected, one of these PARPs 
binds to the DNA (3) and undergoes a conformational change, allowing β-NAD+ (the PARP co-factor) to bind to the active site of the enzyme (4). At this point, the enzyme 
uses the hydrolysis of β-NAD+ to catalyze the transfer of ADP-Ribose moieties onto target proteins, leading to the synthesis (PARylation) of a Polymeric ADP-Ribose (PAR) 
chain (5). This step allows the recruitment (via their PAR-binding domains) of DNA repair effectors(6), which are required for efficient DNA repair (7). The process ends 
with the degradation of PAR chains via Poly (ADP-ribose) Glycohydrolase (PARG) and the release of PARP and repair enzymes. PARP inhibitorsPARP inhibitors or PARPi (8) 
induce catalytic inhibition of PARP-dependent repair (preventing PARylation) and binding of PARP on damaged DNA (9). Failure to repair SSBs leads to DSBs (Double-Strand 
Breaks) during DNA replication, thus PARP inhibition induces further DNA damage (10). Nevertheless, DNA damage can also be repaired through Homologous 
Recombination (HR) mechanisms, so HR-proficient cells can repair DSBs originated from SSBs and survive (11), while HRdeficient cells that cannot repair DSBs die (12). 
Usually, cancer cells are mutated in one of their DNA repair pathways. For example, BRCA1 and BRCA2 encode key components of the HRR mechanism, so mutations of 
these two genes lead to the inability to repair DSBs. Accordingly, PARP inhibitors exploit a principle called synthetic lethality, in which two conditions that independently of 
each other allow the cell to survive together cause cell death.
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In the TRITON2 phase II trial, 115 patients with mCRPC and with a deleterious germline or somatic BRCA1, 
BRCA2 or ATM mutation, who progressed after ARATs and taxane therapy, received rucaparib 600 mg twice daily.17 

Rucaparib demonstrated a good objective response rate (ORR per independent radiology review: 43.5%; per investigator 
assessment: 50.8%).17 Phase III results are needed.

Talazoparib is another PARP inhibitor under study. TALAPRO-1 is an open-label, phase II trial that included 128 
mCRPC patients with HRR alteration, that had received one or two taxane-based chemotherapy regimens for metastatic 
disease, and progressed on enzalutamide or abiraterone, or both, mCRPC. Those patients received Talazoparib at dose of 
1 mg per day.18 After a median follow-up of 16.4 months, the ORR was 29.8%.18

PI3K/AKT/mTOR Inhibitors
PI3K/AKT pathway and phosphatase and tensin homolog (PTEN) defects play a key role in prostate cancer and androgen 
signaling. Indeed, activation of PI3K signaling correlates with resistance to castration, cancer progression and poor 
outcomes.49 Inhibition of androgen receptor is associated with an increase phosphorylation of AKT and PTEN loss brings 
to decrease androgen receptor activity.49

Aberrantly active PI3K pathway has been described in 40% early PCa and 70% advanced PCa.49 Meanwhile, about 
30% of primary and 60% of CRPC were found a defect of PTEN.50 Ipatasertib binds and inhibits the activity of AKT in 
an ATP-competitive manner, which may result in the inhibition of the PI3K/AKT signaling, tumor cell proliferation and 
the induction of tumor cell apoptosis (Figure 3).51

IPAtential150, a randomized phase III trial, studied the association of ipatasertib plus abiraterone acetate in 1101 
patients. Patients were randomized to receive ipatasertib-abiraterone-prednisone or placebo-abiraterone-prednisone.19 

Two groups were considered: PTEN-loss-by-immunohistochemistry group and intention-to-treat group. In the PTEN-loss 
group, the median radiological PFS was 16.5 months in the placebo-abiraterone group vs 18.5 months in the ipatasertib- 
abiraterone group (hazard ratio [HR] 0.77 [95% CI 0.61–0.98]; p = 0.034; significant at α=0.04). Meanwhile, in the 
intention-to-treat population median, PFS was 16.6 vs 19.2 months, respectively, without a statistically significant 
difference.19

Another AKT inhibitor, capivasertib, was investigated in a randomized, phase II trial, called ProCAID.20 In this trial, 
150 mCRPC patients received up to 10 cycles of docetaxel and prednisolone and were randomly assigned to receive 
capivasertib or placebo.20. The addition of capivasertib to docetaxel did not show a benefit in composite PFS (the primary 
end point that included prostate-specific antigen progression events). The median OS (secondary endpoint) was 10.88 
months longer in patients receiving capivasertib. However, this result will require validation in future prospective trials to 
address potential for bias.

Capivasertib was also studied in combination with enzalutamide in Phase I trial.52 mCRPC patients previously treated 
with abiraterone and/or enzalutamide, received escalating dose (320 mg, 400 mg and 480 mg b.i.d.) of capivasertib and 
enzalutamide (160 mg).52 The primary end-points were safety and tolerability, maximum tolerable dose and recom
mended phase II dose. The recommended phase II dose identified for capivasertib was 400 mg b.i.d. with 1/6 patients 
experiencing a dose limiting toxicity (maculopapular rash) at this level. The most common grade ≥3 adverse events were 
hyperglycemia (26.7%) and rash (20%).52

Other Targeted Therapies
Adenocarcinoma is the most common histological type of PCa, but an aggressive variant, neuroendocrine prostate cancer 
(NEPC), may develop de novo or as a progression of mCRPC.53 N-myc is involved in the progression of NEPC.53 

N-myc belongs to the family of MYC proteins that bind the DNA. This family covers many functions such as gene 
transcription modulators of cell growth, cell cycle, differentiation, apoptosis, angiogenesis, metabolism, DNA repair, 
protein translation, and immune response.54 Alisertib may inhibit the N-myc pathway signaling, preventing the bond 
between N-myc and its stabilizing factor Aurora A.55 In a phase II trial, Alisertib, an Aurora Kinase A inhibitor, was 
studied in 60 men with metastatic PCa and at least one of NEPC histology, ≥50% NEPC marker expression, new liver 
metastases without PSA progression or elevated serum NEPC markers.55 The primary endpoint (radiologic PFS) was not 
met (13.4%), and median OS was 9.5 months with no significant differences between NEPC and adenocarcinoma (9.5 vs 
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8.6 months, respectively).55 On the other hand, exceptional responders were identified, including complete resolution of 
liver metastases and prolonged stable disease, with tumors suggestive of N-myc and Aurora-A overactivity.

Cabozantinib, a tyrosine-kinase inhibitor, in addition to atezolizumab, a PD-L1 inhibitor was evaluated in a cohort of 
the phase Ib COSMIC-021 study.56 A total of 132 men with mCRPC progressed on ARATs treatment were enrolled. The 

Figure 3 Ipatasertib mechanism of action. PI3K /AKT signaling pathway. Several types of cancers are characterized by dysregulation of the PI3K (phosphatidylinositol 
3-kinase)/AKT (or PKB, protein kinase B) signaling pathway, which is involved in the regulation of multiple cellular processes, including metabolism, cell-cycle control, 
survival, proliferation, motility and differentiation. The PI3K/AKT pathway starts from stimulation of Receptor Tyrosine Kinase (RTK). When signaling molecules bind to the 
RTK extracellular ligand binding domain (1), two RTK monomers get close and form a cross-linked dimer (2). Cross-linking activates the intracellular tyrosine kinase domains 
(TKDs) and each RTK monomer phosphorylates multiple tyrosines on the other RTK monomer (3). These phosphotyrosine residues serve as recruitment sites for several 
downstream signaling proteins, which lead to PI3K phosphorylation and activation (4). PI3K mediates the conversion of PIP2 into PIP3 (5), which, together with activating 
kinases, leads to the phosphorylation and activation (6) of AKT. AKT is the central node of the pathway and its downstream signaling controls many key cellular activities (7). 
The PI3K/AKT pathway is tightly regulated by the tumor suppressor PTEN (8), through its ability to dephosphorylate and inhibit PIP3. In many cancers are present 
alterations in the genes that encode key proteins of the pathway (including PTEN, PI3K and AKT), leading to hyperactivation of AKT signaling. This hyperactivation promotes 
uncontrolled cell growth. Ipatasertib can inhibit AKT by binding to the ATP-binding pocket (9), leading to inhibition of downstream signaling. Thus, ipatasertib reduces cell 
growth and proliferation.
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combination of cabozantinib plus atezolizumab showed promising anti-tumor activity and manageable safety profile. The 
objective response rate was 23% with three complete responses and 28 partial responses.56

Immunotherapy
Sipuleucel-T
The prostatic acid phosphatase (PAP) is a glycoprotein with enzymatic activity whose levels increase in advanced PC.57 

Sipuleucel-T is an autologous cancer “vaccine”.58,59 To prepare Sipuleucel, the white blood cell fraction containing 
antigen-presenting cells from each patient is collected.28 After that, the cells are exposed to the prostatic acid 
phosphatase-granulocyte macrophage colony stimulating factor (PAP-GM-CSF recombinant fusion protein) and subse
quently reinfused. The resulting compound, infused in the patients, stimulates an antigen-presentation activity with 
recruitment of immunity cells against PCa.58

The use and efficacy of Sipuleucel-T was evaluated in a double-blind phase 3 trial that randomized 512 patients with 
minimally symptomatic or asymptomatic mCRPC to receive Sipuleucel-T or placebo. The median OS was 25.8 months in 
Sipuleucel-T arm vs 21.7 months in placebo arm, with a 22% death risk reduction (HR: 0.78; 95% CI: 0.61–0.98, P = 0.03).10

Nowadays, Sipuleucel-T is not available in Europe, but only in the USA as treatment of mCRPC, and only in specific 
cases: asymptomatic or minimally symptomatic patients, no liver metastases, life expectation >6 months, ECOG 
performance status 0–1.4

Novel Immunotherapy
In recent years, immunotherapy has become an important standard of care for several malignancies. However, in PCa, the 
effectiveness of immunotherapy seems to be limited compared to other cancers, such as non-small-cell lung cancer, renal cell 
carcinoma and melanoma. The cause may be related to the strong immunosuppressive PCa microenvironment, lower 
infiltration of T-cells in prostate tumors, and lower mutation burden.60 Therefore, PCa is generally considered as immuno
logically “cold tumor”. However, a subset of PCa patients, such as those carrying CDK12 mutations, high microsatellite 
instability (MSI) and mismatch repair-deficient (dMMR), may still benefit from an immunotherapy approach.60 Indeed, these 
tumor characteristics have been related to higher responses to immune checkpoint inhibitors (ICIs).60

Immune checkpoints (ICs) are proteins involved in the complex mechanism of self-recognition and prevention of the 
immune response against self-tissues, preventing their damage.60 While IC protects host tissue from autoimmune 
response, tumor cells exploit these mechanisms to hide from immune cells and escape to immune surveillance.61 

CTLA-4 is an immune checkpoint receptor, expressed by activated T-cells, to send out inhibitory signal to T-cells and 
regulatory T-cells to control cytotoxic T-cell activation.60

Programmed cell death protein 1 (PD-1) and programmed cell death ligand 1 (PD-L1) are immune checkpoints 
playing an important role in inhibiting immune responses and promoting self-tolerance through modulating the activity of 
T-cells, activating or inhibiting apoptosis of regulatory T cells.60 Several types of tumors showed an incrementation level 
of PD-1/PD-L1 and PD-L1 are expressed in a subgroup of patients with primary prostate cancer, with increased levels in 
aggressive and metastatic disease.61

Anti-CTLA-4 or anti-PD-1/PD-L1 monotherapy failed to show a significant benefit in the treatment of unselected 
mCRPC patients.62

Pembrolizumab is a humanized, anti–PD-1 monoclonal antibody. In the multicohort, phase II KEYNOTE-199 study, 258 
mCRPC patients were previously treated with docetaxel and one or more ARATs were included in 3 cohorts. 133 patients in 
cohort 1 and 66 patients in cohort 2 were enrolled with RECIST-measurable PD-L1 positive and PD-L1 negative, 
respectively.22 Fifty-nine patients in cohort 3 were enrolled with predominance of bone metastases, regardless of PD-L1 
expression.22 Objective response rate was 5% (95% CI, 2% to 11%) in cohort 1 and 3% (95% CI, <1% to 11%) in cohort 2. 
Median duration of response was not reached (range, 1.9 to ≥21.8 months) and 10.6 months (range, 4.4 to 16.8 months), 
respectively. Median OS was higher in the cohort 3 (14.1 months) compared to cohorts 1 and 2 (9.5 and 7.9 months, 
respectively).22 The Food and Drug Administration (FDA) approved pembrolizumab for the treatment of mCRPC only in 
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patients with high levels of MSI-H and dMMR.63 Interestingly, however, in KEYNOTE-199 there were patients who 
responded to Pembrolizumab with no MSI-H.22

The association of anti-CTLA-4 (Ipilimumab) and anti-PD-1 (nivolumab) was tested in phase II CHECKMATE650 
trial.62 Ninety patients with mCRPC were stratified into two cohorts: pre-chemotherapy cohort and post-chemotherapy 
cohort.62 In cohorts 1 (pre-chemotherapy) and 2 (post-chemotherapy), objective response rate was 25% and 10%, and 
median OS was 19.0 and 15.2 months, respectively. Four patients, two per cohort, had a complete response.62 However, 
several grade 3–4 toxicities were reported; thus, dose/schedule optimization is needed to preserve safety.

The Phase 1b/2 KEYNOTE-365 Cohort B Study evaluates the efficacy and safety of pembrolizumab plus docetaxel and 
prednisone in patients with mCRPC who were chemotherapy naïve and who experienced failure of or were intolerant to ≥4 
week of abiraterone or enzalutamide for mCRPC.64 Notwithstanding the limitations of the single-arm design and small 
sample size, the results demonstrated antitumor activity with confirmed PSA response rate of 34% and confirmed ORR 
(RECIST v1.1) of 23%.64

Another experimental study is KEYNOTE-046, a phase I/II, open-label, multicenter trial in which ADXS31142 was 
administered alone or in association with pembrolizumab to mCRPC patients who have progressed after 2 or fewer prior 
systemic treatment regimens.65 ADXS31-142 is an immunotherapy that uses live-attenuated Listeria monocytogenes able 
to produce an antigen adjuvant fusion protein (tLLO-PSA) formed by a fragment of the listeriolysin toxin (tLLO) and 
prostate-specific antigen (PSA).65 Among the 37 RECIST-evaluable patients, no objective responses were detected. 
Promising OS benefit was observed in subset patients previously treated with docetaxel and with visceral metastasis, 
which needs to be confirmed in future trials.65

Bone Metastases and Preventing Treatment
Bone metastases are a common cause of morbidity in patients with mCRPC.4,66 Complications include pathological 
fractures, spinal cord compression, surgery or radiotherapy (RT) for bone pain or a change in anticancer treatment of 
bone pain, defined as skeletal-related events (SREs).4,67 Many compounds have been tested for the prevention of SRE in 
patients with mCRPC.

Zoledronic Acid
Zoledronic acid, a bisphosphonate, was initially investigated when only docetaxel was available for mCRPC treatment. In 
a randomized trial, 643 patients with mCRPC and bone metastases were randomly assigned to receive 4-mg zoledronic acid, 
8-mg zoledronic acid (subsequently reduced to 4 mg due to renal toxicity) or placebo every 3 weeks for 15 months.68 Fewer 
patients in the 4-mg zoledronic acid group than in the placebo group had at least one SRE (38% versus 49%, P = 0.028), and 
the median time to the first SRE was approximately 6 months longer in the 4-mg zoledronic acid group than in the placebo 
group (488 days versus 321 days; P = 0.009).67 Zoledronic acid did not show a benefit in median time to cancer progression 
and survival compared to placebo.66 Considering the ability to prolong time to first SREs, zoledronic acid is recommended by 
current guidelines in patients with bone metastases and mCRPC at risk for clinically significant SREs.39

Rank Ligand Inhibitors
Receptor Activator of Nuclear Factor κ B ligand (RANKL) has a significant role in bone resorption in normal and 
pathological states. It is expressed on the membrane of different cells, such as osteoblasts, osteocytes and T-cells, or as 
soluble forms.69 RANKL is the main driver of osteoclast formation, function, and survival, by binding to its receptor, 
RANK, expressed on osteoclasts and their precursor membrane.69 In prostate cancer, significant interactions between 
tumor cells and bone cells exist. In the bone microenvironment, tumor cells produce growth factors that stimulate stromal 
cells and osteoblasts to express RANKL on their membrane, with consequent activation of osteoclasts, increased bone 
turnover and release of factors potentially promoting the development of bone metastases.70 Denosumab is a human 
monoclonal antibody, which is administered subcutaneously, that specifically inhibits RANKL.

In a phase III study, 1904 patients with CRPC were randomized to receive 120 mg denosumab plus placebo or 4 mg 
zoledronic acid plus placebo, every 4 weeks.71 The median time to first SRE was 20.7 months with denosumab compared to 
17.1 months with zoledronic acid (HR 0.82, 95% CI 0.71–0.95; p = 0.0002 for non-inferiority; p = 0.008 for superiority).71 
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Hypocalcemia occurred more frequently in the denosumab group than in the zoledronic acid group (13% versus 6%), and even 
if osteonecrosis of the jaw occurred infrequently in both arms, the rate was slightly higher for denosumab than zoledronic acid 
(2.3% versus 1.3%).71 Considering these results, denosumab is recommended by current guidelines in patients with bone 
metastases and mCRPC at risk for clinically significant SREs.39

Predictive Biomarkers
The natural history of PCa is characterized by progression from a hormone sensitive phenotype to a castration resistant 
one. Furthermore, a subset of PCa might differentiate into neuroendocrine phenotype (NEPCs) with AR signaling loss 
and androgen-independence. Understanding the mechanism of castration resistance and neuroendocrine differentiation 
and exploring novel targets in order to develop personalized treatment strategies are major challenges in mCRPC.

The ability of mCRPC to progress and become more aggressive has been associated with specific molecular features, 
such as defects in at least two of the three tumor suppressor gene (PTEN, TP53, RB1), defined as aggressive-variant 
prostate cancer molecular signature (AVPC-MS).29 In post-hoc analyses of a randomized phase 1–2 trial comparing the 
combination of carboplatin-cabazitaxel to cabazitaxel alone in mCRPC, the presence of AVPC-MS as assessed by 
immunohistochemistry (aberrant results for at least two of TP53, RB1, and PTEN) or circulating tumor DNA (ctDNA) 
(genomic alterations in at least two of TP53, RB1, and PTEN) was associated with clinically meaningful benefit in PFS 
and OS with the addition of carboplatin to cabazitaxel. On the contrary, there was no advantage for the combination 
therapy compared to cabazitaxel monotherapy in AVPC-MS-negative tumors.29

Androgen receptor splice variant 7 (AR-V7) is an androgen receptor mutation resulting in the truncation of the ligand- 
binding domain with a consequent overactivation of receptor, regardless of androgen ligand binding.72 AR-V7 mRNA 
detected in circulating tumor cells (CTCs) may be used as a predictive biomarker.72 In a study by Antonarakis et al, the 
impact of AR-V7 in mCRPC patients receiving ARATs (enzalutamide or abiraterone) was investigated.73 Worse clinical 
outcomes (lower PSA response, shorter PSA PFS, clinical- or radiographic-PFS and OS) in the AR-V7 positive group were 
found. A subsequent study by Antonarakis et al showed that the detection of AR-V7 in CTCs was not associated with primary 
resistance to taxane chemotherapy in mCRPC. This study suggested that in AR-V7-positive tumors, taxanes seemed to be 
more efficacious than enzalutamide or abiraterone, while in AR-V7-negative tumors, taxanes and enzalutamide or abiraterone 
may have comparable outcomes.74

Moreover, the prevalence of AR-V7 seemed to be influenced by a previous treatment with abiraterone or enzalutamide, 
with higher cases of AR-V7 positivity in patients previously treated with ARATs.74 This result was corroborated by Sharp et al 
who demonstrated the expression of AR-V7 in less than 1% of primary PCa and a significant increase after treatment with 
ARATs.75

Overall, these results suggest the research of AR-V7 splice mutation in PCa as a potential strategy to support choice 
of treatment between ARATs and taxanes, suggesting AR-V7 detection in CTCs a negative predictor of response to 
ARATs. However, this strategy is not yet approved for clinical practice and still needs large scale prospective validation.

Liquid biopsy represents a new diagnostic method that is emerging alongside the better known and traditional tissue 
biopsy, and it is gaining great interest in mCRPC. Liquid biopsy may have different clinical applications such as early 
diagnosis, prognosis, assessment of treatment response, and mechanisms of drug resistance. Liquid biopsy consists in 
withdrawal from blood samples of CTCs, circulating free DNA (cfDNA), circulating tumor RNA (ctRNA), or extra
cellular vesicles (EVs) containing tumor materials.76 CTCs are tumor cells deriving from a primary or metastatic tumor 
into the peripheral blood and lymphatic system. Meanwhile, the tumor DNA can be found in the peripheral blood after 
cell death (necrosis and apoptosis).77

The presence of cfDNA in plasma is usually higher in cancer patients than in non-cancer patients, with average 
concentrations of 19 ng/mL in first-line mCRPC patients.78 cfDNA analysis represents an important test potentially 
allowing disease molecular stratification, evaluation of treatment response and the study of emerging resistant clones. 
A phase II trial (TOPARP-A) showed a reduction ≥50% in cfDNA concentration after 8-weeks with olaparib treatment, 
independently associated with longer OS.79. Quantity variation of cfDNA during treatment is closely related to tumor 
responses and may be important for detection of mechanisms of resistance. cfDNA can be more sensitive and specific 
than PSA, particularly when the PSA level is too low or there is early rising PSA.80
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Other promising biomarkers for PC are circulating free non-coding RNAs (long non-coding RNA, micro-RNA), due to 
their high stability and important role in oncogenesis and spread of metastases.76,81 Mitchell et al first demonstrated the 
presence of PC-derived miRNA from PCa cells into the bloodstream.82 Several subsequent studies have correlated miRNA 
with disease stage, aggressiveness, and response to therapy. In their study, Urabe et al identified a diagnostic model constructed 
with the combined use of 2 miRNA (miR-17-3p and miR-1185-2-3p) as biomarkers to identify PCa, with sensitivity and 
specificity of 90%.83 In another study, the authors presented a pairwise model of five circulating miRNAs with sensitivity 99% 
and specificity 100% in early detection of PCa.84 In their study, Al Qatati et al demonstrated a correlation between the presence 
of high-risk PCa and increasing plasma levels of miR-16 (p = 0.002), miR-148a (p = 0.006) and miR-195 (p = 0.006).85 

Further studies are needed to evaluate the role of miRNA as diagnostic and prognostic biomarkers.
Prostate Cancer Antigen 3 (PCA3) is a non-coding RNA, overexpressed only in PCa, that could be potentially used as 

a biomarker. Rodriguez et al in their meta-analysis compared five studies in which authors dosed urinary PCA3 after 
prostate massage in patients with histologically confirmed PCa, obtaining a sensitivity of 0.69 (95% CI: 0.61–0.75) and 
specificity of 0.65 (95% CI: 0.553–0.733). They concluded that the data obtained are not yet sufficient to use PCA3 as 
gold standard in the diagnosis of PCa but have the potential to reduce the unnecessary biopsies.86

PCA3 was also evaluated in a study from Merdan et al, combined with TMPRSS2-ERG, a specific fusion-gene, 
expressed in 50% of PCa. The use of PSA alone was compared with the use of PCA3 and TMPRSS2-ERG (T2/ERG) 
scores to determine whether patient should repeat biopsy. Authors demonstrated that the use of those two scores would 
have avoided 55.4–64.7% of repeat biopsies, without affecting 10-year survival.87

An additional mechanism for intercellular communication, involved in multiple processes, is the extracellular vesicles 
(EVs), a heterogeneous group of cell-derived membranous structures that includes exosomes, microvesicles and apoptotic 
bodies. EVs play an important role in tumorogenesis, spread of metastasis and tissue invasion, thanks to their protective 
double-layer membranes.88 In a recent trial, a urinary exosome gene expression assay was used for stratifying patients with 
PCa Gleason group (GG) ≥2 from GG = 1, in men aged ≥50 years with a PSA gray zone (PSA 2–10 ng/mL), scheduled for 
initial biopsy. Authors determined a score of >15.6 could be used to discriminate patients as high-risk.89,90

The importance of homologous recombination repair gene alterations as predictive biomarkers for PARP inhibition 
has been previously discussed.

PTEN loss, which is detected in 40–50% of mCRPC patients, increases AKT signaling, boosting tumor growth and 
leading to worse outcomes of androgen-receptor pathway blocking91 In the IPATential150 trial, the addition of 
ipatasertib, a competitive ATPase inhibitor of AKT, to abiraterone acetate resulted in longer PFS compared to abiraterone 
acetate alone in patients with PTEN loss by immunohistochemistry, supporting PTEN loss as a potential predictive factor 
of response to AKT inhibition strategy.19

Conclusion
In the last few years, the treatment landscape of mCRPC has drastically changed with the introduction of new treatments 
with various mechanisms, including ARATs, PARP inhibitors, and theragnostics. However, mCRPC still represents 
a lethal disease and newer treatment strategies aiming at durable response are highly needed. Moreover, the search of 
predictive biomarkers should be prioritized to allow tailored treatment strategies for patients with mCRPC.
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