
Current Treatment Options in Oncology (2024) 25:914–931

Vol:.(1234567890)

Metastatic Castration‑Resistant 
Prostate Cancer: Advances 
in Treatment and Symptom 
Management
Tivya Kulasegaran, MBChB, FRACP1,2,*   
Niara Oliveira, MD, FRACP1,2 

Address
*,1Mater Hospital Brisbane, Cancer Centre, Raymond Terrace, South Brisbane, 
QLD 4104, Australia
 Email: Tivya.Kulasegaran@mater.org.au
2School of Clinical Medicine, Mater Clinical Unit, The University of Queensland, 
Brisbane, Queensland, Australia, Raymond Terrace, South Brisbane, QLD 4101, 
Australia

Keywords  Prostate cancer · Castration resistance · Precision oncology · New therapies · Targeted therapies · 
Cancer symptoms

Opinion statement
The management of metastatic castrate-resistant prostate cancer (mCRPC) has evolved 
in the past decade due to substantial advances in understanding the genomic landscape 
and biology underpinning this form of prostate cancer. The implementation of various 
therapeutic agents has improved overall survival but despite the promising advances in 
therapeutic options, mCRPC remains incurable. The focus of treatment should be not only 
to improve survival but also to preserve the patient’s quality of life (QoL) and ameliorate 
cancer-related symptoms such as pain. The choice and sequence of therapy for mCRPC 
patients are complex and influenced by various factors, such as side effects, disease bur-
den, treatment history, comorbidities, patient preference and, more recently, the presence 
of actionable genomic alterations or biomarkers. Docetaxel is the first-line treatment for 
chemo-naïve patients with good performance status and those who have yet to progress 
on docetaxel in the castration-sensitive setting. Novel androgen agents (NHAs), such as 
abiraterone and enzalutamide, are effective treatment options that are utilized as second-
line options. These medications can be considered upfront in frail patients or patients who 
are NHA naïve. Current guidelines recommend genetic testing in mCRPC for mutations in 
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DNA repair deficiency genes to inform treatment decisions, as for example in breast cancer 
gene mutation testing. Other potential biomarkers being investigated include phosphatase 
and tensin homologues and homologous recombination repair genes. Despite a growing 
number of studies incorporating biomarkers in their trial designs, to date, only olaparib 
in the PROFOUND study and lutetium-177 in the VISION trial have improved survival. This 
is an unmet need, and future trials should focus on biomarker-guided treatment strate-
gies. The advent of novel noncytotoxic agents has enhanced targeted drug delivery and 
improved treatment responses with favourable toxicity profiling. Trials should continue 
to incorporate and report health-related QoL scores and functional assessments into their 
trial designs.

Abbreviations
PC	� Prostate cancer
mCRPC	� Metastatic castrate resistance prostate cancer
PSA	� Prostate specific antigen
PSMA	� Prostate-specific membrane antigen
rPFS	� Radiological progression free survival
OS	� Overall survival
HRR	� Homologous repair recombinant
ARSI	�  Androgen-receptor signalling inhibitors
 ITT	�  Intention-to-treat
 BRCA​	�  Breast cancer gene
 NHA	�  Novel hormonal agent
 PARP	� Poly(ADP-ribose) polymerase (PARP)
 QoL	�  Quality of life
 ctDNA	�  Circulating tumour DNA
 HR	�  Hazard ratio
 PTEN	� Phosphatase and tensin homologue
 AR	�  Androgen receptor
 HR	�  Hazard ratio
 PD-L1	� Programmed death-ligand 1
 TMB	�  Tumour mutational burden

Introduction

Prostate cancer is the second most frequent cause of 
cancer among males and caused an estimated 385,000 
deaths worldwide in 2018. With the ageing population, 
the rates of new prostate cancer (PC) diagnoses and 
mortality are expected to increase [1]. It is estimated 
that 65% of all new PC diagnoses are made in men 
aged above 65 years, and 25% of all new PC diagnoses 
are made in men aged over 75 years [2].

Metastatic PC generally responds to initial andro-
gen deprivation therapy. However, most patients will 

inevitably develop treatment resistance and transition 
to a more aggressive disease phenotype. This progres-
sion of the disease, regardless of castrate testosterone 
levels, is termed ‘castrate-resistant’ and is often more 
refractory to systemic treatment [3, 4].

Despite significant advancements in therapies, met-
astatic castrate-resistant PC (mCRPC) remains incur-
able and is capable of causing considerable disease 
burden. It is a heterogeneous disease that is associated 
with high mortality and morbidity [5, 6]. The majority 
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of men who are diagnosed with localized mCRPC 
develop distant metastases [7].

The natural progression of mCRPC often involves 
worsening symptoms, such as fatigue and bone pain, 
which can be detrimental to the patient’s overall qual-
ity of life (QoL). The goal of treatment is thus not only 
to improve survival but also to preserve patients’ QoL 
and alleviate cancer-related pain and symptoms [8, 9].
Chemotherapy treatments such as docetaxel remain the 
recommended first-line therapy for patients with good 
performance status and in those with no previous pro-
gression on docetaxel. Novel hormonal agent (NHA) 
therapy is generally reserved for second-line treatment 
after progression on chemotherapy or for patients who 
are deemed unfit or wish to avoid cytotoxic chemo-
therapy [5, 10].

The identification of specific gene aberrations and 
mutations with actionable potential has made preci-
sion medicine a valuable tool for guiding treatment 
decisions. Examples include poly (ADP-ribose) poly-
merase inhibitors (PARPis) for homologous recombi-
nation repair (HRR) loss and protein kinase B (AKT) 
pathway inhibitors for treating tumours with phos-
phatase and tensin homologue (PTEN) loss [11, 12••].
Herein, we discuss the most recent advancements in 
mCRPC treatment, the mechanisms of action, the 
nuances of trials, and the direction in which this field is 
heading. We also summarize ongoing, in-development 
treatment options and the challenges of integrating 
these agents into clinical practice.

Chemotherapy

The use of docetaxel has been the standard chemotherapy approach for 
more than two decades. In a phase III trial of more than 1006 patients 
(TAX 327), the participants were randomized into either a docetaxel and 
prednisone arm at two doses (three times weekly at 75 mg/m2 or weekly 
at 30 mg/m2) or the mitoxantrone and prednisone arm (control). The 
trial met its primary endpoint, with a median overall survival (OS) of 
19.2 months for patients receiving three weekly doses of docetaxel com-
pared with 16.3 months for patients in the control arm (p < 0.004). The OS 
benefit in the weekly docetaxel regimen was non-significantly superior to 
the mitoxantrone arm. Common toxicities included diarrhoea (32%) and 
neuropathy (30%). The incidence of grade 3/4 neutropenia was 32%, with 
26% of patients experiencing at least one severe adverse event [5, 10, 13].

Carbazitaxel is another taxane chemotherapy that is used in the doc-
etaxel-resistant setting. The pivotal TROPIC (2010) trial randomized 775 
patients with mCRPC who had received prior treatment with docetaxel to 
either cabazitaxel and prednisone or mitoxantrone and prednisolone. The 
trial was positive, with a significantly longer OS in the experimental arm 
(15.1 vs 12.7 months), a hazard ratio (HR) of 0.7, p ≤ 0.0001. Secondary 
outcomes favoured docetaxel with better PSA response, reduction in pain 
and more prolonged progression-free survival (PFS). These results were 
statistically significant [14].

The toxicities associated with carbazitaxel are predominantly haema-
tologic, with any-grade neutropenia accounting for 94% of patients with 
grade 3/4 neutropenia (82%) and febrile neutropenia (8%). Other toxici-
ties included grade 3–4 diarrhoea (6%), grade 3–4 nausea (2%) and grade 
3–4 fatigue (5%) [14].
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Androgen receptor signalling inhibitors

Novel anti-androgen agents have demonstrated clinical benefits in both 
chemotherapy-naïve and second-line treatment settings and are currently 
approved therapeutic agents [5, 10]. The androgen signalling pathway plays 
a pivotal role in the development of castration resistance. Several abnormal 
aberrations in the androgen receptor (AR) axis, such as gene amplification 
and overexpression, contribute to castration resistance. Androgen receptor 
signalling inhibitors (ARSIs) work by antagonizing AR function, resulting in 
the blockade of androgen production and a further reduction in testosterone 
production [15••].

Enzalutamide
Enzalutamide is a potent nonsteroidal AR inhibitor that binds to AR with 
high affinity, antagonizes testosterone binding to AR and impairs nuclear 
localisation and transcriptional activity [5, 16]. The AFFIRM (2012) and PRE-
VAIL (2014) trials were pivotal in terms of demonstrating efficacy in mCRPC 
in pre- and postdocetaxel settings. The AFFIRM trial included patients who 
had already received docetaxel and demonstrated an improvement in OS time 
in the treatment arm (18.4 vs 13.6 months, HR, 0.63). Secondary outcome 
measures, such as the PSA response rate, time to PSA progression and radio-
graphic PFS, were superior in the treatment arm. Enzalutamide was associ-
ated with increased neurotoxicity (convulsions) in less than 1% of patients. 
Other notable toxicities observed in the experimental arm included arterial 
hypertension (6% vs 3%), asthenia (34% vs 29%) and hot flushes (20% vs 
10%) [5, 17].

The PREVAIL trial examined enzalutamide administered predocetaxel vs 
a placebo. This was a positive trial, with patients in the enzalutamide arm 
achieving better radiographic PFS (rPFS) at 12 months (65% vs 14%, HR 
0.19, p < 0.001). The OS time was also significantly longer in the experimental 
arm (32.4 vs 30.2 months, HR 0.7, p < 0.001) [5, 21].

The results from these two trials led to the approval of enzalutamide for 
use in pre- and postdocetaxel settings [5].

Abiraterone
Abiraterone is a specific cytochrome 17α-hydroxylase inhibitor that is criti-
cal for androgen synthesis. It also inhibits the enzymes 3β-hydroxysteroid 
dehydrogenase, steroid 11β-hydroxylase and steroid 21-hydroxylase, which 
can result in increased mineralocorticoid production. This can lead to toxicity, 
such as hypokalaemia, fluid retention and adverse cardiovascular reactions 
[22, 23].

COU-AA-30123 and COU-AA 30224 were two trials that demonstrated 
a survival benefit for abiraterone in both docetaxel pretreatment (median 
OS: 14.8 vs 10.9 months, HR 0.65, 95% confidence interval [CI], 0.54–0.77) 
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and posttreatment (median OS: 34.7 vs 30.3 months, HR 0.81, 95% CI, 
0.70–0.93) settings. Abiraterone was also superior in halving of PSA and in 
prolonging PFS.

Treatment-related toxicity, including arterial hypertension, hypokalaemia 
and peripheral oedema, occurs mainly due to an excess of mineralocorticoids. 
This effect can be mitigated by the concurrent use of low-dose prednisolone 
[24, 25].

Targeted molecular therapies

The genomic profiling of tumours is a fundamental component of preci-
sion oncology. It has emerged as an invaluable tool that can provide insight 
into tumour biology and guide treatment decisions. Identifying actionable 
genomic mutations and pathways allows for the implementation of addi-
tional therapeutic agents. Generally, whole-genome testing is conducted on 
a tissue biopsy. However, innovative technology using liquid biopsy or circu-
lating tumour DNA (ctDNA) has also garnered increasing interest, with sev-
eral clinical trials currently investigating its use in clinical practice [26]. The 
genomic landscape of PC is dynamic and evolves due to various factors, such 
as treatment pressure and the emergence of resistant ctDNA clones. Minimally 
invasive liquid biopsy procedures have emerged as valuable tools for detecting 
heterogeneity and tracking acquired mutations in real time [27, 28].

A complex and heterogeneous disease, mCRPC is often characterized by 
high levels of genomic and molecular alterations. One study reported that 
40%–60% of mCRPC cases exhibit aberrations in the AR, erythroblast trans-
formation specific, tumour protein p53 and PTEN genes, with 20%–25% 
harbouring somatic or germline alternations in DNA repair genes involved 
in homologous recombination [29].

Deoxyribonucleic (DNA) repair pathway
Approximately 20% of mCRPC patients harbour abnormalities that affect 
DNA repair genes [12••]. This process is called homologous recombination 
repair (HRR), which accurately repairs double-strand breaks during the syn-
thesis (S) and Gap 2 (G2) phases of the cell cycle [30]. Tumour cells with 
a deficiency in the HRR pathway are, therefore, unable to accurately repair 
double-strand breaks, which results in high failure rates. Common genetic 
mutations affecting the HRR include those in the breast cancer 2 (BRCA2), 
CHEK2, ATM and BRCA1 genes. These gene alterations can occur at either the 
acquired somatic or germline level [7, 12••].

Deleterious gene alterations related to HRRs, such as those in BRCA1/2, 
sensitizes prostate cancer cells to PARP inhibition. PARP is a protein which 
repairs single-strand breaks. PARP inhibition leads to unrepaired single-strand 
DNA breaks, resulting in an excess of double-stranded DNA which promotes 
cell death. Cells with HRR dysfunction are unable to repair themselves, 
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resulting in cell cycle arrest and ultimately cell apoptosis. On the other hand, 
HRR-proficient cells with functional PARP can self-repair and survive.

Synthetic lethality refers to when both a PARPi and HRR dysfunction is 
required for cell cycle arrest. As the presence of only one deficient pathway 
will not independently cause cell death. This explains the highly selective 
targeting of tumour cells by PARPi [31].

PARPi monotherapy

Over the past several years, multiple clinical trials have demonstrated the 
efficacy of PARP as monotherapy for HRR-deficient mCRPC in a second-line 
setting following ARSIs. The results of this research have led to its approval 
for use in patients with an HRR deficiency [5, 32, 33].

The phase III PROfound study examined the use of olaparib in 387 
patients with mCRPC progressing after docetaxel and an ARSI. Tissue sam-
ples of the participants were tested to determine their HRR status. This was a 
biomarker guided trial, patients with at least one alteration in BRCA1, BRCA2 
or ATM were allocated into cohort A. Patients with other HRR genomic alter-
nations such as PALB2, RAD51B and RAD 51C mutation were allocated into 
cohort B. Patients either had Olaparib or the alternate ARSI (commonly 
referred as ARSI-switch).

This was a positive trial, in cohort A, there was an improvement in 
radiological PFS in the olaparib arm compared to the control arm (7.4 vs 
3.6 months, HR 0.34, p < 0.001). The objective response rate (ORR) was 33% 
in the olaparib arm and 2% in the control arm. The median overall survival 
in cohort A was 18.5 months in the olaparib arm and 15.1 months in the 
control arm, this was despite an 81% crossover from the control arm to the 
experimental arm on progression. Notable toxicities included reversible anae-
mia and a small but significant risk for acute myeloid leukaemia and myelod-
ysplasia (MDS), which was less than 1%. Other ongoing PARPi monotherapy 
trials are outlined in Table 1 [18, 34].

Emerging data from several trials have reported that ARSIs (either enzalu-
tamide or abiraterone) combined with a PARPi have a PFS advantage relative 
to enzalutamide or abiraterone alone. The rationale for this combination is 
to exploit the potential synergy when co-targeting the AR and DNA repair 
mechanisms to slow tumour proliferation. Furthermore, PARPi upregulate 
AR signalling, thereby enhancing ARSI activity. Furthermore, ARSIs block the 
transcription of some HRR genes, inducing an HRR deficiency-like state and 
sensitizing cells to PARPi activity [35, 36].

Combining PARPis and ARSIs

The PROpel, MAGNITUDE and TALAPRO-2 trials examined the combination 
of ARSIs and PARPis in the first-line setting for mCRPC [35–37].

The phase III PROpel study explored the use of abiraterone plus olapa-
rib vs abiraterone plus placebo in patients with mCRPC in a first-line set-
ting. Patients were recruited regardless of their HRR status. The intention-to-
treat (ITT) analysis of PFS was 24.8 months in the abiraterone and olaparib 
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combination arm and 16.6 months in the abiraterone plus placebo arm (HR 
0.66, p < 0.001). The median OS improved in the treatment arm at 42.1 vs 
34.7 months, favouring the olaparib and abiraterone combination. A trend 
toward improved OS was observed in all subgroups, including the HRR 
mutant, non-HRR mutant, BRCA mutation and non-BRCA mutation sub-
groups. The most significant improvement was again observed in the BRCA 
mutation subgroup (HR 0.29, 95% CI, 0.14–0.56). This trial concluded that 
abiraterone and olaparib statistically and clinically improved the rPFS, regard-
less of the HRR status [37].

The toxicity profiles were consistent with the existing data, with a greater 
proportion of patients receiving abiraterone plus olaparib having grade 3 or 
higher adverse events than those receiving abiraterone alone (47% vs 38%). 
The most common adverse event with olaparib was anaemia, which occurred 
in 46% of patients. Severe-grade 3–4 anaemia was reported in 15.1% of the 
patients. The incidence of MDS was not recorded [5, 37].

The phase III MAGNITUDE trial assessed the efficacy and safety profile 
of niraparib with abiraterone acetate and prednisone (AAP) in patients with 
mCRPC. Patients were stratified according to the presence or absence of HRR 
biomarker positivity [38]. The trial noted that the combination of niraparib 
and AAP improved the primary endpoint of rPFS in patients with BRCA1/2 
mutations and in the overall HRR+ cohort. The median rPFS was longer in the 
BRCA1/2 mutation cohort, with an HR of 0.53. However, in the HRR-negative 
group, the results were negative. Overall, the combination was well tolerated, 
with grade 3 anaemia accounting for 28.3% and hypertension accounting for 
14.6% of all toxicity [38].

The TALAPRO-2 trial examined the use of talazoparib, a novel PARPi, 
with the addition of enzalutamide in a first-line setting for the treatment 
of mCRPC. This was another biomarker-guided trial in which patients 
were separated according to their HRR status. The combination resulted 
in clinically meaningful and statistically significant improvements in the 
rPFS. At the time of the preliminary analysis, the median rPFS had not 
yet been reached for the combination group vs. the placebo plus enza-
lutamide group after 27.5 months. This represents a 37% improvement 
in the median PFS length based on imaging. A post hoc analysis revealed 
that the greatest benefit was observed in those who harboured BRCA1/2 
mutations, with a hazard ratio of 0.2. In the HRR-deficient group, the HR 
was 0.46. Interestingly, a benefit was also observed in the unselected gene 
alternation group, with an HR of 0.66, exceeding the prespecified HR of 
0.696 for significance [39].

The above trials support the use of PARPis as biomarkers in mCRPC treat-
ment and support the use of the HRR status as a promising biomarker for 
selecting patient cohorts that may benefit from the addition of PARPis. These 
results are summarized in Table 2.
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The PTEN/AKT pathway

Dysregulation of the phosphatidylinositol 3-kinase (PI3K)/AKT (AKT serine/
threonine kinase)/mammalian target of rapamycin (mTOR) signalling pathway 
is linked to the progression of prostate cancer. It is an important pathway for 
cell growth, survival and proliferation. This dysregulation is generally caused by 
the loss of the PTEN tumour suppressor gene, which negatively regulates this 
pathway [40]. It is estimated that 10%–15% of all primary prostate tumours 
harbour this mutation, with a higher prevalence (40%–60%) in the castrate 
resistant metastatic setting [41]. Loss of PTEN leads to hyperactivation of the 
PI3K/AKT/mTOR pathway, which is associated with poor clinical outcomes 
and treatment resistance. Therefore, PTEN deficiency is a potential predictive 
biomarker because it confers resistance to anti-androgen therapy. However, tar-
geting this pathway in prostate cancer cells is limited by significant cross-talk. 
Since PTEN is integral to multiple cellular pathways, inhibiting this may affect 
non-cancerous cells and lead to toxicities at therapeutic doses [42]. This interac-
tion is referred to as cross talk.

There is growing interest in exploring novel therapeutic agents to directly 
restore PTEN in deficient prostate tumours and inhibit the PI3K/AKT/mTOR 
pathway [39].

Capivasertib is a selective pan-AKT inhibitor that targets all three AKT iso-
forms (AKT1/2/3). The ProCAID trial is a phase II trial that investigated the use 
of capivasertib in combination with docetaxel [43]. The trial did not meet its 
composite primary endpoint which included PFS and PSA reduction. However, 
it met its secondary endpoint of OS. Further subgroup analysis at maturity 
revealed that this improvement in OS was only observed in patients who pro-
gressed on ARSIs [40]. Despite this being a negative trial, the improvement in 
OS was intriguing and hypothesis generating. These results lead to the phase 
III trial, CAPItello 280.

CAPItello-280 is under recruitment and will examine capivasertib in combi-
nation with docetaxel compared with placebo and docetaxel in patients whose 
disease has progressed on ARSIs in any setting. The primary endpoint will be OS 
[44]. The results from this trial will provide insight into the selection of potential 
candidates for this therapeutic strategy.

Ipatasertib is another novel selective inhibitor of all three AKT isoforms. 
The IPATential 150 double-blind phase III trial randomized ipatasertib and 
abiraterone/prednisolone vs abiraterone/prednisolone alone. The rationale for 
this approach was that a dual-activation pathway would enhance synergistic 
antitumour activity for a better clinical outcome. The study was positive in that 
patients who had PTEN loss on immunohistochemistry had better rPFS (HR 
0.65, 95% CI, 0.45–0.95, p = 0.0206) with the combination of ipatasertib and 
abiraterone [45].

While AKT inhibitors potentially represent a viable therapeutic strategy 
for treating mCRPC, the challenge remains to better target AKT isomers. With 
newer trials examining their use in hormone-sensitive settings, the challenge 
remains regarding how to best optimize study designs and endpoints, as well 
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as understanding their unique and complex biology and their efficacy before 
their incorporation into standard practice [40, 46].

Immunotherapy

Although immunotherapy has revolutionized the treatment of many solid 
organ tumours, it has only recently been studied in advanced prostate cancer.

Although initial preclinical studies showed promise, these have not trans-
lated into positive outcomes in later-stage clinical trials, with trials being 
curtailed due to futility [47–49].

The identification of potential biomarkers to help guide treatment deci-
sions in this space is conflicting and limited. Programmed death-ligand 1 (PD-
L1) positivity did not correlate with disease response in the Keynote-199 trial, 
although the low patient sample size was small, with only 5% of patients 
expressing PD-L1 [50]. Mismatched repair deficiency (dMMR) and a high 
tumours mutational burden (TMB) greater than 10 mut/Mb generally con-
fer sensitivity to immune checkpoint inhibitors. Typically, a more aggressive 
disease, dMMR PC, has a poorer response to conventional treatment and 
accounts for only 1–5% of all prostate cancers. The cut-off and validation of 
TMB status assessments remain uncertain, as data are often extrapolated from 
other tumours streams [51].

When used as monotherapy or in combination with chemotherapy, NHA 
and PARPi, patients with biomarker-unselected advanced PC have not ben-
efited from immunotherapy. Additionally, PD-L1 expression has not been 
proven to be a reliable predictive biomarker of response to pembrolizumab. 
This reflects an immunologically cold tumour microenvironment, which is 
unfavourable for checkpoint inhibitors to act upon in prostate cancer. Future 
immunotherapy trials should emphasize better patient selection and bio-
marker-guided treatment strategies [5, 51].

Theranostics

Theranostics is an emerging field of medicine that combines diagnostic imag-
ing and treatment by delivery of targeted radioactive isotopes such as lutetium 
177 (177Lu) directly to cancer cells.

The field of theranostics has rapidly evolved and was most recently incor-
porated into the treatment paradigm for mCRPC. Although prostate-specific 
membrane antigen (PSMA) positron emission tomography/computed tomog-
raphy (PET/CT) remains a valuable diagnostic imaging modality, the PSMA 
tracer also allows for targeted radioligand therapy. PSMA is a transmembrane 
glutamate carboxypeptidase that is overexpressed in PC cells [27]. Lutetium-
17-PSMA therapy involves targeted radionuclide radiotherapy that penetrates 
the cell membrane by binding to PSMA-positive PC cells. This allows for tar-
geted radiation delivery to PC cells while sparing normal tissue types, which 
translates to better efficacy and lower toxicity [5, 12••].
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Two large trials, TheraP and VISION, recruited men with heavily pre-
treated mCRPC. Both trials were positive, having met their primary end-
points. VISION recruited men who had previously received ARSIs and up to 
two lines of taxane based chemotherapy. They were required to have PSMA-
positive disease. This was defined as one PSMA-positive metastatic lesion 
and no PSMA-negative lesions on gallium-68Ga-PSMA-11 PET-CT. Standard 
therapy in the control arm was physician’s choice but could not include cyto-
toxic chemotherapy, immunotherapy or PARPi combination. Both rPFS and 
OS were primary endpoints; accordingly, the study would be positive if either 
or both endpoints were met. Notably, 61.8% of the trial’s control arm was 
cabazitaxel naïve, which would have been the next line of therapy, as per the 
2019 CARD trial. The VISION trial did not allow for protocol amendments, 
therefore, the control arm was not allowed to receive cabazitaxel. It was at 
the physician’s discretion to discontinue experimental treatment if they felt 
that chemotherapy would be more appropriate [52, 52, 53•].

The TheraP phase II study recruited patients who would have been can-
didates for cabazitaxel as their next line of treatment, in line with standard 
practice. Patients with mCRPC were randomized to the Lu-PSMA-617 group 
or the cabazitaxel group. The primary endpoint was a 50% PSA reduction 
(PSA50), with secondary endpoints including PFS. The PSA50 response 
was 66% and 37% in the experimental and control arms with an ORR of 
49% and 24%. The median PFS times were 8.7 and 5.1 months, respec-
tively [52].

Generally, Lu-PSMA-617 is well tolerated, with common treatment-
related adverse events that include fatigue, nausea, dry mouth, dry eyes, 
anaemia, thrombocytopenia, leukopenia and diarrhoea. Most of these 
symptoms are low grade (1–2) and reversible [53•]. A post hoc analysis of 
the VISION trial examined health-related QoL and pain outcomes. Time to 
worsening was delayed in the Lu-PSMA group versus the control group in 
both the functional assessment of cancer therapy–prostate (FACT-P) score 
and brief pain inventory short form (BPI-SF) pain score. The FACT-P total 
score was 9.7 vs 2.4 months, HR 0.46, p < 0.001, favouring the experimental 
arm. There was a delay in time to worsening of 7.3 months. The BPI-SF also 
favoured the experimental arm at 14.3 vs 2.9 months, HR 0.52 p < 0.001. 
The median time to first symptomatic skeletal events (SSEs) or death was 
longer in the experimental arm at 11.5 months and 6.8 months in the con-
trol arm (HR. 0.50, p < 0.001) [54, 55].

More recently, the results from the PSMAfore trial were released as 
abstract only This study examined the use of lutetium-177 vipivotide tet-
raxetan treatment in a taxane-naïve setting in patients with mCRPC who 
had progressed on an ARSI. The comparator arm was the ARSI switch. 
A crossover was permitted from the comparator arm to receive lutetium 
treatment on progression. The trial was positive and met its rPFS primary 
endpoint. At a median follow-up of 88.6 months, the rPFS was 12.0 and 
5.6 months, respectively, favouring the experimental arm with an HR of 
0.43. There was also an improvement in the QoL score, with a total FACT-P 
score in the experimental group versus the comparator group (7.5 months 
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vs 4.3 months, HR 0.59 p < 0.001), as well as a delay in worsening pain 
(BPI-SF) of 5.0 vs 3.7 months, HR 0.69 p < 0.001 [56•].

Conclusion

Multiple new therapies have been added to the mCRPC treatment algorithm, 
which has translated to significantly improved overall survival. The genomic 
profiling of tumours is paramount to enable the identification of actionable 
mutations to help guide treatment decisions.

Immunotherapy is not a proven effective treatment in an unselected 
castrate-resistant population. Future trials should consider more biomarker-
guided treatment strategies. PARPi are promising, particularly for treating 
BRCA-mutant and HRR-deficient tumourss. Several upcoming trials will 
aim to ascertain the use of these inhibitors in combination with other non-
cytotoxic treatments and their best place in the prostate cancer treatment 
paradigm.

Despite the ever-expanding list of treatment options, the aim remains to 
improve long-term outcomes while better palliating symptoms, managing 
toxicities and preserving patients’ QoL. The challenge, however, is discover-
ing how best to sequence and combine these treatments to maximize their 
efficacy.
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