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Abstract
Significant changes in the management of patients with de 
novo metastatic prostate cancer have led to the use of novel 
oral agents and docetaxel-based chemotherapy earlier in the 
natural history of their disease. Our main challenge is the lack 
of prospective randomized data comparing these regimens. 
It is clear that treatment intensification is needed. Yet, the 
heterogeneity of this patient population coupled with the lack 
of understanding of the specific biology for a given individual 
makes treatment selection challenging. The aim of this narrative 
review is to discuss the importance of defining advanced 

disease by volume, the necessity for treatment intensification, 
and the current and future landscape of metastatic hormone-
sensitive prostate cancer management. 
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Introduction
Prostate cancer is the third most common cancer in the United 
States with 191,930 new cases in 2020.1 While the number of 
localized prostate cancer cases has decreased over time given 
the changes in US Preventive Services Task Force screening 
guidelines, the number of de novo metastatic prostate cancer 
is increasing.2–4 Additionally, unlike localized disease, the 5-year 
relative survival of de novo metastatic prostate cancer is dismal, 
dropping from the high 90s to 30.2%.1 Thus, the focus over 
the past few years has shifted to improving the outcomes of 
metastatic prostate cancer through treatment intensification 
with novel therapies and the introduction of targeted agents 
as well the identification of high-risk populations based on 
volume of disease.

For this narrative review, we used all relevant articles found 
on PubMed from 1980 to 2020, with the aim to discuss the 
importance of defining advanced disease by volume, its role 
in clinical and research settings, the necessity for treatment 
intensification, the current landscape of metastatic hormone-
naive/sensitive prostate cancer (mHSPC) management, 
including novel therapies on the horizon, and the potential 
predictive markers to help tailor therapies.

Definition of volume
Our modern definitions of volume have evolved since the 
Eisenberger trial in 1998,5 which was among the first in prostate 
cancer to stratify its study participants by the existence 
of distant metastases. This early consideration of volume 
eventually became the basis for patient stratification by 
investigators in both the CHAARTED and LATITUDE phase III 
studies, which will be discussed further in this review.

While both LATITUDE and CHAARTED included the presence 
of visceral metastases in their criteria for high-volume disease, 
they differed in the number and location of metastases as well 
as in the importance of the Gleason score (GS). In LATITUDE, 
high-risk disease was defined by the presence of two out of 
three of the following features: GS >8, the presence of visceral 
disease and/or the presence of at least three bony lesions.6 
CHAARTED, on the contrary, did not include GS and high-
volume disease was defined as the presence of at least four 
bone lesions, with at least one of those lesions being outside 
of the spinal column or pelvis.7 Of note, these definitions were 
formed using computerized tomography and bone scans, not 
with newer modalities such as 18F-fluciclovine or prostate-
specific membrane antigen (PSMA) PET scans.
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In general, the CHAARTED definitions are the most 
comprehensive and widely accepted guidelines to date.8–12 
The stratification of patients based on volume status enables 
clinicians to accurately determine who will receive the 
most benefit from certain treatments, while mitigating the 
unnecessary side-effects of other treatments.

Androgen deprivation therapy
Prostate cancer is dependent on androgen production for 
growth. The majority of a man’s circulating testosterone is 
made in the testes (90–95%) and the rest is made by the adrenal 
gland.13 Medical or surgical castration is defined as testosterone 
levels <50 ng/dL (with contemporary data favouring 
testosterone levels <20 ng/dL).14,15 In the United States, medical 
castration is preferred, primarily to avoid surgical complications 
and psychological trauma as well as due to the convenience, 
efficacy and reversibility of the available treatments.16

The crux of medical castration is to control the hypothalamic–
pituitary axis, the master regulator of endogenous androgen 
production. Gonadotropin-releasing hormone (GnRH) agonists 
are enhanced versions of GnRH that have an increased binding 
affinity for the GnRH receptor as well as resilience against 
degradation.17 GnRH agonists work through a negative 
feedback loop, where overstimulation of the GnRH receptors 
leads to their downregulation. Ultimately, this decreases the 
production of testosterone; this process can take approximately 
a week to occur. In the meantime, the overactivation of 
the GnRH receptor can lead to a flare phenomenon, often 
requiring the use of antiandrogens for select patients at risk for 
complications derived from the transient testosterone elevation.

While the flare phenomenon is brief, the sequelae of an 
event can be catastrophic, including pain crisis, spinal cord 
compression and urinary outlet obstruction. Thus, GnRH 
antagonists, which bypass this process, were developed.  
A phase III trial of degarelix versus leuprolide showed that  
more patients treated with degarelix had castrate levels  
of testosterone at 3 days(95.5–96.1% versus 0) and lower  
median prostate-specific antigen (PSA) levels at 14 and  
28 days (p<0.0001).18 Degarelix was shown to be non-inferior to 
leuprolide at maintaining castrate levels of testosterone. Despite 
these findings, GnRH agonists remain the most commonly used 
agents for androgen deprivation therapy (ADT). Recently, the 
prospective phase III HERO trial demonstrated that relugolix, 
an oral GnRH antagonist, not only provided faster testosterone 
suppression at day 4 (56% versus 0) but also provided long-term 
testosterone suppression at 48 weeks (96.7% versus 88.8%).19 
Remarkably, relugolix was associated with less treatment-
related adverse events (TRAEs) compared to leuprolide, most 
notably in cardiovascular events (2.6% versus 6.2%, HR 0.46, 95% 
CI 0.24–0.88). Given the superiority (p<0.001) shown in this trial, 
relugolix was granted priority review by the FDA.

In the contemporary setting, patients treated with ADT alone 
have a median failure-free survival of 11 months and median 

overall survival (OS) of 42 months.20 While outcomes are inferior 
to the use of combination therapies, which will be discussed 
below, ADT alone remains a good choice for patients who are 
asymptomatic and have a life expectancy of ≤5 years. Unlike 
in the non-metastatic setting, intermittent ADT dosing is not 
recommended in those who can tolerate therapy. A phase III 
trial of intermittent versus continuous ADT in patients with 
mHSPC was unable to establish non-inferiority (HR 1.10, 90% 
CI: 0.99–1.23) and found only transient benefits (<3 months) in 
TRAEs such as erectile dysfunction or mental health.21 Thus, 
intermittent ADT is considered for select cases when the focus 
of treatment is quality of life and not survival.

Treatment intensification
Historically, combined androgen blockade (CAB) was the 
mainstay of treatment intensification. Recently, the most 
notable change in the upfront management of de novo 
metastatic prostate cancer is the addition of docetaxel or 
novel hormonal therapies such as the adrenal biosynthesis 
inhibitor abiraterone acetate or androgen receptor inhibitors 
(apalutamide or enzalutamide) to traditional ADT.

Combined androgen blockade
CAB was initially used to combat the flare phenomenon seen 
with surgical or medical castration. However, the idea that 
patients may benefit from maximum androgen blockade 
is not new. Older studies evaluating the benefit of adding 
nilutamide to buserelin demonstrated not only a benefit in 
decreased bone pain (p<0.05) but also lower maximal PSA 
values with combination therapy compared to buserelin alone 
(550 μg/L versus 760 μg/L).22 Likewise, a phase III study found 
that, when flutamide was added to leuprolide, patients had a 
longer progression-free survival (PFS; 16.5 versus 13.9 months; 
p=0.039) and OS (35.6 versus 28.3 months; p=0.03) compared 
to leuprolide alone.23 CAB was associated with more TRAEs, 
specifically diarrhoea (13.6% versus 4.9%; p<0.001) and hot 
flashes (63.6% versus 60.8%). Additionally, a collaborative 
meta-analysis by the Prostate Cancer Trialists’ Collaborative 
Group showed a 2.9% 5-year survival benefit of CAB (log-rank 
p=0.005).24 Subsequent meta-analyses also showed similar 
survival benefits with CAB with the caveat of a potential 
increase in toxicity and decrease in quality of life.24,25

Docetaxel
The first wave of clinical trials to use combination therapies 
in mHSPC were GETUG, CHAARTED and STAMPEDE (Table 1). 
Although these randomized phase III studies differed, two of 
the three demonstrated OS improvement when docetaxel was 
added to ADT for men with mHSPC.

The initial analysis of the GETUG-AFU 15 trial did not find a 
survival benefit when docetaxel was added; 192 patients were 
randomized to receive either ADT with docetaxel 75 mg/m2 
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every 3 weeks for up to 9 cycles or ADT alone.26 At a median 
follow-up of 50 months, while there were benefits in time 
to biochemical progression (22.9 versus 12.9, HR 0.72, 95% CI 
0.57–0.91; p=0.005) and clinical progression (23.5 versus 15.4, 
HR 0.75, 95% CI 0.59–0.94; p=0.015), there was no benefit in OS 
(58.9 versus 54.2 months, HR 1.01, 95% CI 0.75–1.36; p=0.955). Of 
note, 62% of patients randomized to ADT alone were started 
on docetaxel at the time of progression. The post hoc analysis 
continued to show that, at a median follow-up of 83.9 months, 
there was a non-significant benefit of adding docetaxel to ADT 
(62.1 versus 48.6 months, HR 0.88, 95% CI 0.68–1.14; p=0.3).

In CHAARTED, 790 patients with mHSPC were randomized to 
receive ADT with docetaxel 75 mg/m2 every 3 weeks for 6 cycles 
versus ADT alone.7 The eligibility criteria included patients who 
had adjuvant ADT greater than 1 year prior to enrolment and 
patients who started ADT within 120 days of randomization.  
At a median follow-up time of 29.8 months, patients who 
received combination therapy had improved OS (57.6 versus  
44.0 months, HR 0.61, 95% CI 0.47–0.80; p<0.001), prolonged  
time to castration-resistant disease (20.2 versus 11.7 months,  
HR 0.61, 95% CI 0.51–0.72; p<0.001) and a longer time to  
clinical progression (33.0 versus 19.8 months, HR 0.61, 95%  
CI 0.50–0.75; p<0.001). Interestingly, the OS benefit was most 
pronounced in patients with high-volume disease as opposed 
to low-volume disease (49.2 versus 32.2 months, HR 0.60, 95% 
CI 0.45–0.81; p<0.001). The most common grade 3 or higher 
TRAEs with combination therapy were febrile neutropenia (6.1%), 
neutropenia (12.1%) and fatigue (4.1%). The updated analysis of 
CHAARTED continues to show improvement in OS (57.6 versus 
47.2, HR 0.72, 95% CI 0.59–0.89; p=0.0018) with the addition of 
docetaxel to ADT at a median follow-up of 53.7 months.27 Like in 
the original analysis, there was only a benefit of adding docetaxel 
to patients with high-volume disease (51.2 versus 34.4 months, 
HR 0.63, 95% CI 0.50–0.79; p<0.001) and no benefit seen with 
low-volume disease (HR 1.04, 95% CI 0.70–1.55; p=0.86).

Simultaneously, the STAMPEDE trial is a large multiarm trial 
evaluating the ongoing response of patients with prostate 
cancer, of all stages, to various treatment arms.28 In a 
preplanned subgroup analysis of 1817 patients with mHSPC 
(62% de novo) at randomization, a benefit was observed when 
docetaxel 75 mg/m2 every 3 weeks for six cycles was added to 
ADT (60 versus 45 months, HR 0.76, 95% CI 0.62–0.92; p=0.005) 
and when docetaxel was added to ADT plus zoledronic acid 
(55 versus 45 months, HR 0.79, 95% CI 0.66–0.96; p=0.015) 
compared to ADT alone. Long-term follow-up (median follow-
up 78.2 months) of STAMPEDE stratified by volume status 
showed an OS benefit of adding docetaxel to ADT in patients 
with high-volume disease (HR 0.81, 95% CI 0.64–1.02; p=0.064) 
and low-volume disease (HR 0.76, 95% CI 0.54–1.01; p=0.107).29 
There was no heterogeneity of treatment effect between 
low- and high-volume disease (pinteraction=0.827). Compared 
with CHAARTED, STAMPEDE had a large sample size, extended 
follow-up and more patients with de novo, low-volume mHSPC 
enrolled. Thus, STAMPEDE had a higher power to detect a 
difference.

Interestingly, as the GETUG-AFU 15 trial data matures, it 
increasingly resembles the findings of STAMPEDE and 
CHAARTED. The dissonance between these similar trials 
is explained by the shortcomings of GETUG’s trial design, 
including an insufficient sample size to generate power 
(particularly for subgroups), underestimating OS of the ADT 
arm and a higher proportion of patients with low-volume 
disease. Additionally, the heterogeneity analysis from 
STAMPEDE found that patients across all subgroups, including 
volume status, nodal status, GS and performance status, had 
similar benefit with the combination of docetaxel and ADT.29 
Thus, while the addition of docetaxel to ADT is beneficial for 
patients with de novo metastatic disease, specifically for those 
with high-volume disease, it is less clear for patients with 
recurrent disease and those with low volume of disease. Further 
investigation with a larger low-volume subset may reveal a 
significant OS benefit.

Abiraterone acetate with prednisone
Abiraterone is a cytochrome P-450c17 inhibitor, which works 
synergistically with ADT to block gonadal and extragonadal 
androgenesis. The phase III LATITIUDE trial enrolled 1199 
patients with newly diagnosed mHSPC with high-risk features 
to receive either ADT plus abiraterone acetate with prednisone 
(AA/P) 1000 mg oral daily versus ADT alone (Table 1).6 High risk 
was defined as two of the three risk factors: GS ≥8, more than  
three bony lesions and/or visceral metastases. At a median 
follow-up of 30.4 months, there was not only a radiographic  
PFS (rPFS) benefit (33.0 versus 14.8 months, HR 0.47, 95%  
CI 0.39–0.55; p<0.001) but also an OS benefit (not estimable 
versus 34.7 months, HR 0.62, 95% CI 0.51–0.76; p<0.001) in those 
who received combination therapy compared to ADT alone. 
Most common grade 3 or greater TRAEs were hypertension 
(20%) and hypokalaemia (10%) with TRAE-related dose 
reductions in 32% of patients and TRAE-related discontinuation 
in 12% of patients in the ADT + AA/P arm. The final analysis of 
LATITUDE showed that, at a median follow-up of 51.8 months, 
OS was significantly longer in patients who received AA/P (53.3 
versus 36.5 months, HR 0.66, 95% CI 0.56–0.78; p<0.0001).8 Post 
hoc exploratory analysis based on CHAARTED-defined volume 
status showed that patients with high-volume disease had  
both an rPFS benefit (33.1 versus 14.7 months, HR 0.46, 95%  
CI 0.39–0.54; p<0.001) and an OS benefit (49.7 versus 33.3 months, 
HR 0.62, 95% CI 0.52–0.74; p<0.0001) compared to ADT alone.  
In low-volume disease, patients who received the combination 
had an rPFS benefit (49.8 versus 22.4 months, HR 0.59, 95%  
CI 0.40–0.85; p=0.0048) but OS data remains immature.

Likewise, the STAMPEDE trial also compared the use of AA/P 
with ADT versus ADT across all stages of prostate cancer, 52% of 
which had metastatic disease (Table 1).30 At a median follow-
up of 40 months, there was an almost significant decrease in 
mortality (HR 0.61, 95% CI 0.49–0.75) and failure-free survival 
(HR 0.31, 95% CI 0.26–0.37). While there were more grade 3 or 
higher TRAEs (47% versus 33%), there were no TRAE-related 
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treatment discontinuations. Long-term follow-up showed that 
patients with mHSPC treated with AA/P and standard of care 
(SOC) continued to have a survival benefit (HR 0.60, 95% CI 
0.50–0.71; p=0.31 × 10–9) at a median follow-up of 6.1 years.31 
Additionally, the benefit of combination therapy was evident 
both in CHAARTED-defined low-volume (HR 0.53, 95% CI 
0.38–0.74; p=0.000058) and high-volume disease (HR 0.59, 95% 
CI 0.47–0.74; p=0.000011) as well as in LATITUDE-defined low-
risk (HR 0.66, 95% CI 0.44–0.98; p=0.41) and high-risk (HR 0.54, 
95% CI 0.43–0.69; p<0.0001) groups. Thus, abiraterone acetate 
is considered front-line therapy for de novo, high-risk, high-
volume mHSPC, with a potential increased benefit in those with 
low-volume disease.

Enzalutamide
Enzalutamide is a non-steroidal androgen receptor inhibitor. 
Two key trials, ENZAMET and ARCHES, evaluated the use 
of enzalutamide in combination with ADT, with ENZAMET 
assessing OS as its primary end point and ARCHES using rPFS to 
evaluate efficacy.

The phase III ENZAMET trial randomized 1125 men with mHSPC 
to receive either enzalutamide 160 mg daily with ADT or SOC 
non-steroidal androgen therapy (Table 1).9 Early treatment with 
docetaxel prior to randomization was permitted and used to 
stratify each arm (65% versus 76%). Additionally, patients were 
divided into high-volume and low-volume disease groups 
based on the CHAARTED criteria. At a median follow-up of 34 
months, there was an OS benefit in the combination therapy 
arm compared to SOC (HR 0.67, 95% CI 0.52–0.86; p=0.002), 
regardless of volume status (pinteraction=0.04) and prior docetaxel 
administration (pinteraction=0.04). Additionally, there was an 
improvement in both 3-year PSA PFS (HR 0.39, 95% CI 0.33–0.47; 
p<0.001) and 3-year clinical PFS (HR 0.40, 95% CI 0.33–0.49; 
p<0.001). The most common grade 3 or higher TRAEs were 
hypertension (8%), febrile neutropenia (7%) and fatigue (6%). 
Unlike SOC, the most notable TRAE with enzalutamide was 
seizures (n=7).

Results of ARCHES showed that, at a follow-up of 14.4 months, 
patients with mHSPC treated with enzalutamide + ADT had 
a significant improvement in rPFS (not reported versus 19.0 
months, HR 0.39, 95% CI 0.30–0.50; p<0.001) compared to ADT 
alone (Table 1).10 Based on the CHAARTED criteria, 63.2% of 
patients had high-volume disease. Like ENZAMET, there was no 
difference in outcomes based on high-volume (HR 0.43, 95% CI 
0.33–0.57) or low-volume disease (HR 0.25, 95% CI 0.14–0.46). At 
the time of interim analysis, no significant OS benefit was seen 
with the addition of enzalutamide compared to ADT alone (HR 
0.81, 95% CI 0.53–1.25; p=0.3361). The lack of benefit seen in OS 
might be due to a more heterogenous population in the ARCHES 
study. The inclusion criteria for ARCHES was more lenient than 
ENZAMET, allowing the enrolment of patients who had high-risk 
or low-risk disease, high-volume or low-volume disease, or prior 
docetaxel therapy. Based on its improvement on PFS, the FDA 
granted the use of enzalutamide as front-line therapy in mHSPC.

Apalutamide
The most recent front-line approval for mHSPC is apalutamide, a 
potent oral non-steroidal androgen receptor inhibitor. TITAN, an 
international phase III trial, enrolled 1052 patients with mHSPC 
(Table 1). Patients were randomized to receive either apalutamide 
240 mg daily with ADT or ADT + placebo.11 When compared to 
ADT + placebo, patients who received ADT + apalutamide had 
significantly longer OS (HR 0.67, 95% CI 0.51–0.89; p=0.005) and 
rPFS (HR 0.48, 95% CI 0.39–0.60; p<0.001) across all subgroups, 
including high-volume (HR 0.53, 95% CI 0.41–0.67) and low-
volume (HR 0.36, 95% CI 0.22–0.57) disease. The most common 
grade 3 or higher TRAEs were hypertension (8.4%), rash (6.3%) 
and ischemic heart disease (4.4%). In addition to its benefit on 
survival, the addition of apalutamide did not negatively affect 
health-related quality of life compared to ADT alone, with similar 
Brief Pain Inventory-Short Form scores (1.14 vs 1.14, HR 0.89, 95% 
CI 0.75–1.06; p=0.20), Brief Fatigue Inventory scores (1.29 vs 1.43, 
HR 1.09, 95% CI 0.88–1.35; p=0.4428) and Functional Assessment 
of Cancer Therapy-Prostate total scores (8.87 versus 9.23 months, 
HR 1.02, 95% CI 0.85–1.22; p=0.85).32

Patients who can tolerate combination therapy have a 
longer PFS, time to skeletal-related event and OS without 
compromising quality of life compared to those on ADT 
alone.6,7,9,10,22,23,28 However, not all patients are able to receive 
treatment intensification because of patient comorbidities, 
performance status or compliance. Additionally, for those who 
are healthy enough for intensification, it is still not clear which 
regimen or sequence they would benefit from the most. Given 
the toxicities and increased healthcare exposures associated 
with treatment intensification, the identification of patients 
who would benefit the most from which therapy is critical for 
the personalization of care.

Emerging therapies
Darolutamide
A new androgen receptor inhibitor already approved in the 
non-metastatic castration-resistant prostate cancer (CRPC) 
setting is also moving to the early setting. Unlike the earlier 
antiandrogen therapies, darolutamide has a higher affinity for 
the androgen receptor, less penetration of the blood–brain 
barrier and a lower affinity for GABA receptors.33,34 The  
phase III trial, ARASENS, is currently recruiting 1300 patients 
with mHSPC to receive ADT and docetaxel for 6 cycles followed 
by darolutamide 600 mg oral bid versus placebo with the hopes 
that the addition of darolutamide will add survival benefit35 
(Table 2, NCT 02799602).

Triplet therapy
It is unclear how ‘deep’ androgen deprivation has to be to 
prevent disease progression. In the neoadjuvant setting,  
the combination of enzalutamide, AA/P and leuprolide for  
6 months led to an improved pathologic complete response 
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Table 2. Ongoing trials for metastatic hormone-sensitive prostate cancer.

NCT Phase N Treatment Primary end point Status

Androgen receptor inhibitor

NCT0279960235 III 1300 Darolutamide + ADT + D versus ADT + D OS Recruiting

Triplet versus doublet therapy

NCT0343665441 II 76 ADT + Apa versus ADT + Apa + AA/P pCR and MRD Recruiting

NCT0286702042 II 126 ADT+ Apa versus Apa versus Apa + AA/P Number of patients with 
undetectable PSA at 
week 25

Recruiting

PSMA-directed therapy

NCT0444306246 II 58 177Lu-PSMA versus SOC Fraction of patients with 
disease progression and 
EOT1 criteria within 6 
months and overall

Recruiting

NCT0434388547 II 140 177Lu-PSMA + D versus D Undetectable PSA rate at 
12 months

Recruiting

Prostate-directed therapy

NCT0195743652 III 1173 ADT + D (arm A) versus ADT + AA/P + D 
(arm B) versus arm A + RT (arm C) versus 
arm B + RT (arm D)

OS and PFS Active, not 
recruiting

NCT0367802553 III 1273 SOC + (RP or RT) versus SOC OS Recruiting

Metastasis-directed therapy

NCT0329808762 II 28 RP versus SOC for 6 months versus SBRT 
versus postoperative fractionated RT

Percentage of patients 
with undetectable 
PSA 6 months after 
testosterone recovery

Recruiting

NCT0394023563 II 150 SBRT versus SBRT + ADT PFS Recruiting

NCT0379676764 II 40 RT versus oligometastasectomy versus 
oligometastasectomy + RT

PSA response rate Recruiting

DNA damage repair gene mutations

NCT 0341399576 II 30 Rucaparib Response rate Recruiting

NCT 0417170077 II 220 Rucaparib ORR Recruiting

NCT 0393484079 III 61 ADT + carboplatin + cabazitaxel ×  
6 cycles followed by ADT + AA/P

Percentage of 
patients with PSA 
or radiographic 
progression at 1 year

Recruiting

AA/P, abiraterone acetate with prednisone; ADT, androgen deprivation therapy; Apa, apalutamide; D, Docetaxel; EOT, end  
of treatment; 177Lu-PSMA, 177Lutetium prostate-specific membrane antigen; MRD, minimal residual disease; ORR, overall 
response rate; OS, overall survival; pCR, pathologic complete response; PSA, prostate surface antigen; RT, radiation therapy;  
RP, radical prostatectomy; SBRT, stereotactic body radiation therapy; SOC, standard of care.

(10%) and minimal residual disease (20%) compared to 
enzalutamide with leuprolide in patients with high-risk, 
localized prostate cancer (response difference 14%, 80%  
CI 3–30; p=0.263).36 Similar to previous findings, triple  
therapy did not lead to any added safety concerns.37

In mHSPC, the first interim analysis of ENZAMET showed that 
patients who received early docetaxel therapy in addition  
to enzalutamide and ADT or ADT with SOC had a PSA PFS  

(HR 0.46, 95% CI 0.36–0.60) and clinical PFS benefit (HR 0.48, 
95% CI 0.37–0.62). However, there was no survival benefit at  
3 years (HR 0.90, 95% CI 0.62–1.31).9 While these data continue 
to mature, there are three additional phase II studies that will 
try to answer this question. METACURE will enrol 76 patients 
with very high-risk localized and low-volume metastatic 
prostate adenocarcinoma to receive either apalutamide with 
AA/P and ADT versus apalutamide with ADT alone38 (Table 2, 
NCT 03436654). All patients on the trial will undergo surgery 
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bone-only metastatic prostate cancer.12 When comparing 
ADT with prostate-directed EBRT to ADT alone, there was 
no PSA recurrence-free survival (HR 0.86, 95% CI 0.69–1.08; 
p=0.20) or OS benefit (HR 0.90, 95% CI 0.70–1.14; p=0.4). One 
hypothesized reason that this was a negative study was that 
the majority of the patients included had high-volume bony 
metastases (>5 lesions) with a median PSA of 142 ng/mL. 
Thus, the STAMPEDE trial included a more balanced number 
distribution of low-volume and high-volume disease.47 Once 
again, no PFS (HR 0.96, 95% CI 0.85–1.08; p=0.468) or OS 
benefits were observed (HR 0.92, 95% CI 0.80–1.06; p=0.266). 
Interestingly, patients with low-volume disease benefited 
from the addition of prostate-directed EBRT, specifically in 
failure-free survival (HR 0.60, 95% CI 0.50–0.72; p=0.0024) and 
PFS (HR 0.78, 95% CI 0.63–0.98; p=0.033). It is important to put 
into perspective that the majority of these patients with low-
volume disease were on ADT alone, with only 16% of patients 
receiving concurrent docetaxel. Therefore, while prostate-
directed EBRT could benefit those with low-volume disease 
on ADT, further conclusions about its benefits in those on 
intensified regimens cannot be drawn. There are currently 
two ongoing trials looking at prostate-directed therapy in 
mHSPC. The phase III PEACE-1 trial is a multiarmed trial with 
two arms comparing the addition of radiotherapy to ADT and 
docetaxel versus ADT with docetaxel and AA/P in mHSPC48 
(Table 2, NCT01957436). This trial has completed recruitment 
but the analysis has not yet been published. Likewise, the 
SWOG1802 trial will look at the outcomes of patients who  
will receive prostatectomy or radiation therapy to the  
primary tumour in addition to SOC treatment49  
(Table 2, NCT03678025).

Metastases-directed therapy for 
oligometastatic disease
The idea of oligometastatic disease (≤3 distant metastases) 
began with Weichselbaum and Hellman,50–52 who believed that 
the process from localized to distant metastatic disease was 
a continuum. The ability to catch and treat cancer during this 
transition phase could spare patients from the early initiation 
of systemic therapies and the toxicities that accompany 
treatment. Prostate cancer with low-volume disease falls under 
this unique subset of patients. Given the increased sensitivity 
of 18F-fluciclovine and 68Ga-PSMA PET scans, the incidence of 
low-volume disease will only continue to increase.53,54 Thus, it is 
imperative to devise a plan of how to treat these patients.

A prospective study of 33 patients with oligometastatic 
mHSPC (≤3 lesions) were treated with a single fraction of 20-Gy 
stereotactic ablative radiotherapy (SABR) to each lesion.55 The 
2-year ADT-free survival was 38%. Interestingly, there was no 
change in quality of life from baseline with SABR administration. 
There was one grade 3 TRAE (vertebral fracture) and no deaths. 
The larger phase II STOMP trial evaluated the benefits of 
metastasis-directed therapy in patients with asymptomatic, 
recurrent, low-volume prostate cancer (≤3 metastases) versus 

and receive radiation therapy to the prostate bed and sites of 
oligometastatic disease. Their primary end point is to evaluate 
pathological complete response and minimal residual disease 
(≤5 mm of morphologically identifiable carcinoma). A similar 
study will look at outcomes in patients with mHSPC being 
treated with apalutamide with AA/P and ADT, apalutamide 
monotherapy, or apalutamide with ADT39 (Table 2, NCT 
02867020). The primary end point of this study will be the 
number of patients who achieve undetectable PSA. CASCARA 
will be discussed below.

PSMA therapeutics
PSMA is a transmembrane protein overly expressed on most 
prostate epithelial cancer cells. When a ligand binds to the 
extracellular domain of PSMA, the PSMA–ligand complex 
is endocytosed via clathrin-coated pits.40 Thus, PSMA is 
hypothesized to be an actionable target for anticancer 
treatment. There are multiple molecules being explored for 
PSMA radioligand therapy (RLT), including alpha- and beta-
emitting radioisotopes, bispecific T cell engagers or docetaxel 
nanoparticles.41

The most developed PSMA RLT is 177Lu-PSMA, which is a 
therapeutic isotope linked to a PSMA-specific antibody.  
It is currently in the late stages of development. One  
phase II trial will compare the use of 177Lu-PSMA RLT against 
SOC in newly diagnosed mHSPC and the other will compare the 
addition of 177Lu-PSMA RLT to upfront docetaxel treatment42,43 
(Table 2, NCT04443062 and NCT04343885, respectively).

Prostate-directed therapy
Typically, when patients develop asymptomatic metastatic 
disease, the focus of treatment becomes systemic. However, 
more studies on the effects of how the primary tumour 
primes the metastatic environment, through the expression 
of osteopontin and subsequent activation of bone marrow-
derived cells,44,45 have shined light on the potential benefit of 
treating the primary site.

A large analysis of the National Cancer Database looked at 
patients with metastatic prostate cancer treated with ADT with 
and without prostate-directed therapy from 2004 to 2012.46 
Patients who received ADT and radiation had improved OS 
(HR 0.624, 95% CI 0.551–0.706; p<0.001) and a specific analysis 
of survivors of ≥1, ≥3 and ≥5 years showed improved benefits 
(all p<0.05). Not surprisingly, secondary analysis showed that 
ADT with prostatectomy also had superior outcomes than ADT 
alone (HR 0.38, 95% CI 0.25–0.58; p<0.001). In fact, there was no 
difference in OS between those who received surgical versus 
radiation focal treatment (p=0.453).

Findings from retrospective reviews like the National Cancer 
Database analysis led to the prospective HORRAD trial 
looking at the benefits of adding prostate-directed external 
beam radiation therapy (EBRT) to ADT in patients with 
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surveillance.56 At a median follow-up of 5 years, there was a 
higher percentage of patients who remained ADT free (HR 0.57, 
80% CI 0.38–0.84; p=0.06) and CRPC free (HR 0.62, 80%  
CI 0.35–1.09; log-rank p=0.27) compared to those on surveillance. 
Similarly, the ORIOLE trial looked at men with recurrent mHSPC 
with 1–3 metastases and randomized them to either SABR 
versus observation.57 Only 19% of patients who received SABR, 
compared to 61% of patients who underwent observation, had 
progression at 6 months (p=0.005). Interestingly, patients treated 
with SABR also had more T cell expansion (0.082 versus 0.26; 
p=0.03). Both these studies continue to reveal the complexity 
of low-volume disease and the need to identify patients who 
would benefit from local therapy versus those with higher 
metastatic potential. Patients treated with SABR also had more 
T cell expansion (0.082 versus 0.26; p=0.03). Both these studies 
continue to reveal the complexity of low-volume disease and the 
need to identify patients who would benefit from local therapy 
versus those with higher metastatic potential who would benefit 
from ADT. Currently, for mHSPC, there are two trials looking at 
the adjunctive role of metastasis-directed radiotherapy to SOC 
and one trial comparing outcomes in patients who have their 
oligometastatic disease treated by surgery, radiation or the 
combination of both58–60 (Table 2, NCT03298087, NCT03940235 
and NCT03796767).

Homologous recombination repair 
deficiencies
With the discovery of targeted therapies for patients with 
defective DNA repair genes in breast and ovarian cancer, 
investigations of the role of homologous recombination 
repair (HRR) deficiencies in prostate cancer have also begun. 
Under normal circumstances, when DNA is damaged, the 
body initiates PARylation to recruit DNA repair complexes. 
However, in those with HRR deficiencies, this process does not 
occur.61–63 Therefore, treating these particular patients with 
cytotoxic therapies to initiate single-strand DNA injury along 
with poly(ADP-ribose) polymerase (PARP) inhibitors provides a 
‘synthetic lethality’.

Mutations in the HRR system with actionable targets can 
be found in 23–27% of patients with metastatic prostate 
cancer.64,65 Patients with HRR mutations have aggressive 
tumour biology and have a poor prognosis compared to those 
without mutations when traditional therapies are given.66,67 
However, with the discovery of PARP inhibitors, outcomes  
have greatly improved in patients.68–71 There are currently two  
phase II trials that will explore the use of rucaparib in patients 
with mHSPC. The TRIUMPH trial will explore the use of 
rucaparib in the mHSPC setting exclusively72 (Table 2, NCT 
03413995), whereas the phase II LODESTAR trial will enrol 
all stages of prostate cancer, including unresectable, locally 
advanced, metastatic and relapsed/progressive disease73 
(Table 2, NCT 04171700). Hopefully, both these trials will clarify 
the optimal timing for PARP inhibition for metastatic disease. 
Additionally, capitalizing on the concept of synthetic lethality, 

the idea of moving up platinum-based therapy from the 
castration-resistant space is also under way. Based on improved 
responses to platinum-based therapies in patients with ovarian 
cancer and HRR mutations,74 the phase II study, CASCARA, will 
evaluate the use of carboplatin, cabazitaxel and abiraterone in 
high-volume mHSPC with and without DNA repair mutations75 
(Table 2, NCT 03934840).

Predictive markers
In the era of precision medicine, investigations looking into 
ways to personalize treatment are ongoing. Areas of interest 
include identifying molecular signatures to predict treatment 
response as well as sequencing and quantifying circulating 
mRNA to measure tumour burden.

Molecular signatures
Prostate cancer carcinogenesis originates from glandular 
luminal cells as well as basal cells. Like in breast and bladder 
cancer, where these cells are derived from can determine 
the characteristics of how prostate cancer behaves and 
responds to treatment.76–79 Zhao et al. used PAM50 to classify 
3872 radical prostatectomy samples into luminal A, luminal 
B or basal subtypes.76 Patients with luminal B tumours had 
high preoperative PSA, GS and extra-prostatic extension. 
Not surprisingly, patients with luminal B subtype had the 
worst outcomes across all end points, including prostate 
cancer-specific survival (78% versus 89% versus 86%) and 
OS (69% versus 82% versus 80%) compared to luminal A or 
basal subtypes. Using matched cohorts, the response to 
postoperative ADT versus placebo based on luminal or basal 
subtypes was evaluated. Patients with the luminal B subtype 
had better 10-year distant metastasis-free survival when 
treated with ADT versus placebo (33% versus 55%), whereas 
patients with the non-luminal B subtype did better with 
placebo than with ADT (21% versus 37%).

The correlative study of CHAARTED showed that the predominant 
histopathologic phenotype of patients with metastatic disease 
was luminal B subtype (50%), compared to basal (46%) and 
luminal A (2%) subtypes.79 There was no difference in distribution 
of each subtype based on low-volume or high-volume disease 
status. Similar to the previous study, patients with luminal B 
subtype prostate cancer had longer OS (52.1 versus 29.8 months, 
HR 0.45, 95% CI 0.25–0.81; p=0.007) when docetaxel was 
administered compared to no administration. Both these studies 
suggest that the type of prostate cancer progenitor cell can 
predict treatment response; thus, obtaining this knowledge is 
invaluable at the start of treatment.

Circulating tumour DNA and microRNA
Circulating tumour DNA (ctDNA) and cell-free DNA (cfDNA) are 
expelled from the primary tumour into the blood stream and 
can be used as biomarkers in prostate cancer. A prospective 
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study evaluating ctDNA fluctuations before, during and 
after ADT initiation showed that patients with mHSPC and 
cfDNA levels above the median (9.6 ng/mL) had shorter time 
to progression to CRPC compared to those who did not (HR 
2.29, 95% CI 1.13–4.65; log-rank p=0.02).80 When stratified by 
CHAARTED-defined volume status, a high-volume burden 
had higher levels of cfDNA yield compared to low-volume 
disease (median 5.82 ng/mL versus 3.96 ng/mL; p=0.04). Not 
surprisingly, it was found that a combination of CHAARTED-
defined high-volume disease burden and increased ctDNA had 
the highest rate of ADT failure and worse OS (log-rank p=0.03 
for both). Those with a mixed combination, high volume with 
low ctDNA levels and the reverse, had similar intermediate 
survival curves. This study suggests that ctDNA can serve as 
both a predictive and prognostic biomarker for mHSPC.

Similarly, microRNAs (miRNAs) are hypothesized to be released 
by similar mechanisms as circulating tumour cells; however, 
they are more readily detected in the blood.81,82 Correlative 
studies of patients treated on the SWOG 0925 study explored 
the use of miRNA in patients with mHSPC treated with ADT 
with or without cituxumuab.83 Of the five miRNAs evaluated 
(miR-200a, miR-200c, mirR-210 and miR-375), only miR-141 
was correlated with circulating tumour cell counts at baseline 
(p=0.0006). Additionally, only baseline miR-375 (p=0.001) and 
miR-200b (p=0.005) levels correlated with treatment response. 
This study suggests that miR-375 elevations, along with other 
miRNA, can also be prognostic in the mHSPC setting.

HSD3B1 genetics and impact in treatment 
outcome
The HSD3B1 gene encodes for an enzyme critical in 
extragonadal androgen synthesis. The presence of the adrenal 
permissive HSD3B1(1245C) allele is associated with increased 
dihydrotestosterone synthesis and early progression to 
castration resistance in prostate cancer.84 A retrospective 
analysis obtained from the Cleveland Clinic and Mayo Clinic 
registries looked at outcomes of patients who were started 
on ADT for post-prostatectomy biochemical recurrence 
and HSD3B1 genotyping. They found that patients with 
homozygous alleles have worse PFS (HR 2.4, 95% CI 1.1–5.3; 
p=0.029) and OS (HR 3.3, 95% CI 1.3–8.3; p=0.13) compared 
to those with wild type.85 A validation study performed 

by Agarwal et al. showed that, in 102 patients with newly 
diagnosed mHSPC, approximately 31% of patients had 
a HSD3B1(1245C) variant.86 Of those with homozygous 
HSD3B1(1245C) alleles, PFS, determined by PSA progression, was 
much shorter compared to homozygous wild type (11 versus  
21 months, HR 2.16, 95% CI 1.01–4.58; p=0.046).

Whether HSD3B1 genotyping can also predict outcomes 
with more intensified regiments is unclear. A retrospective 
analysis of CHAARTED found that patients with low-volume 
disease and the presence of at least one adrenal permissive 
HSD3B1(1245C) allele predicted worse 2-year CRPC-free survival 
(HR 1.89, 95% CI 1.13–3.14; p=0.02) and 5-year survival (HR 
1.74, 95% CI 1.01–3.00; p=0.045).85 There was no benefit of 
docetaxel based on genotype. Interestingly, there was also 
no association seen with high-volume disease and genotype. 
It is hypothesized that the disease biology behind those with 
high-volume disease is much more aggressive and less reliant 
on extragonadal androgen synthesis. Unlike with docetaxel, 
the HSD3B1(1245A>C) allele does affect management with 
androgen receptor antagonist. Patients with this variant have 
an increased metabolism of abiraterone.87

Taken together, the presence of an HSD3B1(1245C) allele 
suggests a more aggressive prostate cancer that is more 
resistant to systemic therapies. Thus, genotyping can be helpful 
for clinicians to help select appropriate treatment options as 
well as to increase surveillance for disease progression.

Conclusion
Options for the treatment of advanced prostate cancer are 
evolving at an ever-increasing rate. While numerous therapies 
have been approved for the castration-resistant and now 
castration-sensitive space, more clinical trials are needed to 
elucidate the efficacy, necessity and safety of these treatments 
for use in earlier disease settings.

Further stratification of patients based on their disease volume 
will increasingly change the way we treat advanced prostate 
cancer. Ultimately, the goal is to reach a point at which we are 
able to completely customize prostate cancer care in a manner 
that comprehensively considers patients’ own molecular 
phenotype, their disease volume, treatment side-effects and 
impact on their overall quality of life.

Contributions: All authors contributed equally in the conception, planning and drafting of the manuscript and have approved the final 
submitted version. All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, 
take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published. 

Disclosure and potential conflicts of interest: The authors declare that they have no conflicts of interest relevant to this manuscript. 
The International Committee of Medical Journal Editors (ICMJE) Potential Conflicts of Interests form for the authors is available for download at: 
https://www.drugsincontext.com/wp-content/uploads/2021/02/dic.2020-10-2-COI.pdf

Acknowledgements: None. 

Funding declaration: This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 
sector.

https://doi.org/10.7573/dic.2020-10-2
http://drugsincontext.com
https://www.drugsincontext.com/wp-content/uploads/2021/02/dic.2020-10-2-COI.pdf


Sheng IY, Barata P, Alameddine R, Garcia JA. Drugs in Context 2021; 10: 2020-10-2. DOI: 10.7573/dic.2020-10-2 11 of 15
ISSN: 1740-4398

REVIEW – Volume matters for the treatment of advanced prostate cancer drugsincontext.com

Copyright: Copyright © 2021 Sheng IY, Barata P, Alameddine R, Garcia JA. Published by Drugs in Context under Creative Commons License 
Deed CC BY NC ND 4.0 which allows anyone to copy, distribute, and transmit the article provided it is properly attributed in the manner specified 
below. No commercial use without permission.

Correct attribution: Copyright © 2021 Sheng IY, Barata P, Alameddine R, Garcia JA. https://doi.org/10.7573/dic.2020-10-2. Published by Drugs 
in Context under Creative Commons License Deed CC BY NC ND 4.0.

Article URL: https://www.drugsincontext.com/volume-matters-and-intensification-is-needed:-emerging-trends-in-the-management-of-
advanced-prostate-cancer

Correspondence: Jorge A Garcia, University Hospitals Cleveland Medical Center, 11100 Euclid Avenue, Lakeside Suite 1200, Cleveland, OH 
44106, USA. Email: jorge.garcia@uhhospitals.org 

Provenance: Invited; externally peer reviewed.

Submitted: 12 October 2020; Accepted: 7 February 2020; Publication date: 15 March 2021.

Drugs in Context is published by BioExcel Publishing Ltd. Registered office: Plaza Building, Lee High Road, London, England, SE13 5PT.

BioExcel Publishing Limited is registered in England Number 10038393. VAT GB 252 7720 07.

For all manuscript and submissions enquiries, contact the Editorial office editorial@drugsincontext.com

For all permissions, rights and reprints, contact David Hughes david.hughes@bioexcelpublishing.com

References
1. Prostate Cancer – Cancer Stat Facts. https://seer.cancer.gov/statfacts/html/prost.html. Accessed August 6, 2020.
2. Li J, Siegel DA, King JB. Stage-specific incidence rates and trends of prostate cancer by age, race, and ethnicity, United States, 

2004–2014. Ann Epidemiol. 2018;28(5):328–330. https://doi.org/10.1016/j.annepidem.2018.03.001
3. Weiner AB, Matulewicz RS, Eggener SE, Schaeffer EM. Increasing incidence of metastatic prostate cancer in the United States 

(2004–2013). Prostate Cancer Prostatic Dis. 2016;19(4):395–397. https://doi.org/10.1038/pcan.2016.30
4. Dalela D, Sun M, Diaz M, et al. Contemporary trends in the incidence of metastatic prostate cancer among US men: results from 

nationwide analyses. Eur Urol Focus. 2019;5(1):77–80. https://doi.org/10.1016/j.euf.2017.04.012
5. Eisenberger MA, Blumenstein BA, Crawford ED, et al. Bilateral orchiectomy with or without flutamide for metastatic prostate 

cancer. N Engl J Med. 1998;339:1036–1042. https://doi.org/10.1056/NEJM199810083391504
6. Fizazi K, Tran N, Fein L, et al. Abiraterone plus prednisone in metastatic, castration-sensitive prostate cancer. N Engl J Med. 

2017;377(4):352–360. https://doi.org/10.1056/NEJMoa1704174
7. Sweeney CJ, Chen Y-H, Carducci M, et al. Chemohormonal therapy in metastatic hormone-sensitive prostate cancer. N Engl J Med. 

2015;373(8):737–746. https://doi.org/10.1056/NEJMoa1503747
8. Fizazi K, Tran N, Fein L, et al. Abiraterone acetate plus prednisone in patients with newly diagnosed high-risk metastatic 

castration-sensitive prostate cancer (LATITUDE): final overall survival analysis of a randomised, double-blind, phase 3 trial. Lancet 
Oncol. 2019;20(5):686–700. https://doi.org/10.1016/S1470-2045(19)30082-8

9. Davis ID, Martin AJ, Stockler MR, et al. Enzalutamide with standard first-line therapy in metastatic prostate cancer. N Engl J Med. 
2019;381(2):121–131. https://doi.org/10.1056/NEJMoa1903835

10. Armstrong AJ, Szmulewitz RZ, Petrylak DP, et al. ARCHES: a randomized, phase III study of androgen deprivation therapy with 
enzalutamide or placebo in men with metastatic hormone-sensitive prostate cancer. J Clin Oncol. 2019;37(32):2974–2986.  
https://doi.org/10.1200/JCO.19.00799

11. Chi KN, Agarwal N, Bjartell A, et al. Apalutamide for metastatic, castration-sensitive prostate cancer. N Engl J Med.  
2019;381(1):13–24. https://doi.org/10.1056/NEJMoa1903307

12. Boevé LMS, Hulshof MCCM, Vis AN, et al. Effect on survival of androgen deprivation therapy alone compared to androgen 
deprivation therapy combined with concurrent radiation therapy to the prostate in patients with primary bone metastatic 
prostate cancer in a prospective randomised clinical trial: data from the HORRAD Trial. Eur Urol. 2019;75(3):410–418.  
https://doi.org/10.1016/j.eururo.2018.09.008

13. Sizar O, Schwartz J. Hypogonadism. In: StatPearls. StatPearls Publishing; 2020. http://www.ncbi.nlm.nih.gov/books/NBK532933/. 
Accessed September 6, 2020.

14. Morote J, Orsola A, Planas J, et al. Redefining clinically significant castration levels in patients with prostate cancer receiving 
continuous androgen deprivation therapy. J Urol. 2007;178(4 Pt 1):1290–1295. https://doi.org/10.1016/j.juro.2007.05.129

15. Perachino M, Cavalli V. Testosterone (t) level correlates with survival in pts with advanced prostate cancer (apc): the lower is really 
the better. J Urol. 2008;179(4S):179–180. https://doi.org/10.1016/S0022-5347(08)60520-0

https://doi.org/10.7573/dic.2020-10-2
http://drugsincontext.com
https://doi.org/10.7573/dic.2020-10-2
https://www.drugsincontext.com/volume-matters-and-intensification-is-needed:-emerging-trends-in-the-management-of-advanced-prostate-cancer
https://www.drugsincontext.com/volume-matters-and-intensification-is-needed:-emerging-trends-in-the-management-of-advanced-prostate-cancer
mailto:jorge.garcia@uhhospitals.org
mailto:editorial@drugsincontext.com
mailto:david.hughes@bioexcelpublishing.com
https://seer.cancer.gov/statfacts/html/prost.html
https://doi.org/10.1016/j.annepidem.2018.03.001
https://doi.org/10.1038/pcan.2016.30
https://doi.org/10.1016/j.euf.2017.04.012
https://doi.org/10.1056/NEJM199810083391504
https://doi.org/10.1056/NEJMoa1704174
https://doi.org/10.1056/NEJMoa1503747
https://doi.org/10.1016/S1470-2045(19)30082-8
https://doi.org/10.1056/NEJMoa1903835
https://doi.org/10.1200/JCO.19.00799
https://doi.org/10.1056/NEJMoa1903307
https://doi.org/10.1016/j.eururo.2018.09.008
http://www.ncbi.nlm.nih.gov/books/NBK532933/
https://doi.org/10.1016/j.juro.2007.05.129
https://doi.org/10.1016/S0022-5347(08)60520-0


Sheng IY, Barata P, Alameddine R, Garcia JA. Drugs in Context 2021; 10: 2020-10-2. DOI: 10.7573/dic.2020-10-2 12 of 15
ISSN: 1740-4398

REVIEW – Volume matters for the treatment of advanced prostate cancer drugsincontext.com

16. Cassileth BR, Soloway MS, Vogelzang NJ, et al. Patients’ choice of treatment in stage D prostate cancer. Urology.  
1989;33(Suppl. 5):57–62. https://doi.org/10.1016/0090-4295(89)90108-8

17. Schally AV, Coy DH, Arimura A. LH-RH agonists and antagonists. Int J Gynaecol Obstet Off Organ Int Fed Gynaecol Obstet. 
1980;18(5):318–324. https://doi.org/10.1002/j.1879-3479.1980.tb00507.x

18. Klotz L, Boccon-Gibod L, Shore ND, et al. The efficacy and safety of degarelix: a 12-month, comparative, randomized,  
open-label, parallel-group phase III study in patients with prostate cancer. BJU Int. 2008;102(11):1531–1538.  
https://doi.org/10.1111/j.1464-410X.2008.08183.x

19. Shore ND, Saad F, Cookson MS, et al. Oral relugolix for androgen-deprivation therapy in advanced prostate cancer. N Engl J Med. 
2020;382(23):2187–2196. https://doi.org/10.1056/NEJMoa2004325

20. James ND, Spears MR, Clarke NW, et al. Survival with newly diagnosed metastatic prostate cancer in the “docetaxel era”:  
data from 917 patients in the control arm of the STAMPEDE Trial (MRC PR08, CRUK/06/019). Eur Urol. 2015;67(6):1028–1038.  
https://doi.org/10.1016/j.eururo.2014.09.032

21. Hussain M, Tangen CM, Berry DL, et al. Intermittent versus continuous androgen deprivation in prostate cancer. N Engl J Med. 
2013;368(14):1314–1325. https://doi.org/10.1056/NEJMoa1212299

22. Kuhn JM, Billebaud T, Navratil H, et al. Prevention of the transient adverse effects of a gonadotropin-releasing hormone  
analogue (buserelin) in metastatic prostatic carcinoma by administration of an antiandrogen (nilutamide). N Engl J Med. 
1989;321(7):413–418. https://doi.org/10.1056/NEJM198908173210701

23. Crawford ED, Eisenberger MA, McLeod DG, et al. A controlled trial of leuprolide with and without flutamide in prostatic 
carcinoma. N Engl J Med. 1989;321(7):419–424. https://doi.org/10.1056/NEJM198908173210702

24. Prostate Cancer Trialists’ Collaborative Group. Maximum androgen blockade in advanced prostate cancer: an overview of the 
randomised trials. Lancet. 2000;355(9214):1491–1498.

25. Bertagna C, De Géry A, Hucher M, François JP, Zanirato J. Efficacy of the combination of nilutamide plus orchidectomy in 
patients with metastatic prostatic cancer. A meta-analysis of seven randomized double-blind trials (1056 patients). Br J Urol. 
1994;73(4):396–402. https://doi.org/10.1111/j.1464-410x.1994.tb07603.x

26. Gravis G, Fizazi K, Joly F, et al. Androgen-deprivation therapy alone or with docetaxel in non-castrate metastatic prostate cancer 
(GETUG-AFU 15): a randomised, open-label, phase 3 trial. Lancet Oncol. 2013;14(2):149–158.  
https://doi.org/10.1016/S1470-2045(12)70560-0

27. Kyriakopoulos CE, Chen Y-H, Carducci MA, et al. Chemohormonal therapy in metastatic hormone-sensitive prostate cancer: long-
term survival analysis of the randomized phase III E3805 CHAARTED Trial. J Clin Oncol. 2018;36(11):1080–1087.  
https://doi.org/10.1200/JCO.2017.75.3657

28. James ND, Sydes MR, Clarke NW, et al. Addition of docetaxel, zoledronic acid, or both to first-line long-term hormone therapy 
in prostate cancer (STAMPEDE): survival results from an adaptive, multiarm, multistage, platform randomised controlled trial. 
Lancet. 2016;387(10024):1163–1177. https://doi.org/10.1016/S0140-6736(15)01037-5

29. Clarke NW, Ali A, Ingleby FC, et al. Addition of docetaxel to hormonal therapy in low- and high-burden metastatic hormone 
sensitive prostate cancer: long-term survival results from the STAMPEDE trial. Ann Oncol. 2019;30(12):1992–2003.  
https://doi.org/10.1093/annonc/mdz396

30. James ND, de Bono JS, Spears MR, et al. Abiraterone for prostate cancer not previously treated with hormone therapy.  
N Engl J Med. 2017;377(4):338–351. https://doi.org/10.1056/NEJMoa1702900

31. James N, Rush H, Clarke N, et al. Abiraterone acetate plus prednisolone for hormone-naïve prostate cancer (PCa): long-term 
results from metastatic (M1) patients in the STAMPEDE randomised trial (NCT00268476). Ann Oncol. 2020;31(Suppl. 4):S507–S549.

32. Agarwal N, McQuarrie K, Bjartell A, et al. Health-related quality of life after apalutamide treatment in patients with  
metastatic castration-sensitive prostate cancer (TITAN): a randomised, placebo-controlled, phase 3 study. Lancet Oncol. 
2019;20(11):1518–1530. https://doi.org/10.1016/S1470-2045(19)30620-5

33. Zurth C, Sandman S, Trummel D, Seidel D, Nubbemeyer R, Gieschen H. Higher blood–brain barrier penetration of [14C]
apalutamide and [14C]enzalutamide compared to [14C]darolutamide in rats using whole-body autoradiography. J Clin Oncol. 
2019;37(Suppl. 7):156. https://doi.org/10.1200/JCO.2019.37.7_suppl.156

34. Fizazi K, Albiges L, Loriot Y, Massard C. ODM-201: a new-generation androgen receptor inhibitor in castration-resistant prostate 
cancer. Expert Rev Anticancer Ther. 2015;15(9):1007–1017. https://doi.org/10.1586/14737140.2015.1081566

35. ODM-201 in addition to standard ADT and docetaxel in metastatic castration sensitive prostate cancer. ClinicalTrials.gov.  
https://clinicaltrials.gov/ct2/show/NCT02799602. Accessed August 13, 2020.

36. McKay RR, Xie W, Lis R, et al. Results of a phase II trial of neoadjuvant abiraterone + prednisone+ enzalutamide + leuprolide 
(APEL) versus enzalutamide + leuprolide (EL) for patients with high-risk localized prostate cancer (PC) undergoing radical 
prostatectomy (RP). J Clin Oncol. 2018;36(Suppl. 6):79. https://doi.org/10.1200/JCO.2018.36.6_suppl.79

37. Efstathiou E, Titus M, Wen S, et al. Enzalutamide in combination with abiraterone acetate in bone metastatic castration-resistant 
prostate cancer patients. Eur Urol Oncol. 2020;3(1):119–127. https://doi.org/10.1016/j.euo.2019.01.008

https://doi.org/10.7573/dic.2020-10-2
http://drugsincontext.com
https://doi.org/10.1016/0090-4295(89)90108-8
https://doi.org/10.1002/j.1879-3479.1980.tb00507.x
https://doi.org/10.1111/j.1464-410X.2008.08183.x
https://doi.org/10.1056/NEJMoa2004325
https://doi.org/10.1016/j.eururo.2014.09.032
https://doi.org/10.1056/NEJMoa1212299
https://doi.org/10.1056/NEJM198908173210701
https://doi.org/10.1056/NEJM198908173210702
https://doi.org/10.1111/j.1464-410x.1994.tb07603.x
https://doi.org/10.1016/S1470-2045(12)70560-0
https://doi.org/10.1200/JCO.2017.75.3657
https://doi.org/10.1016/S0140-6736(15)01037-5
https://doi.org/10.1093/annonc/mdz396
https://doi.org/10.1056/NEJMoa1702900
https://doi.org/10.1016/S1470-2045(19)30620-5
https://doi.org/10.1200/JCO.2019.37.7_suppl.156
https://doi.org/10.1586/14737140.2015.1081566
https://clinicaltrials.gov/ct2/show/NCT02799602
https://doi.org/10.1200/JCO.2018.36.6_suppl.79
https://doi.org/10.1016/j.euo.2019.01.008


Sheng IY, Barata P, Alameddine R, Garcia JA. Drugs in Context 2021; 10: 2020-10-2. DOI: 10.7573/dic.2020-10-2 13 of 15
ISSN: 1740-4398

REVIEW – Volume matters for the treatment of advanced prostate cancer drugsincontext.com

38. Multi-arm multi-modality therapy for very high risk localized and low volume metastatic prostatic adenocarcinoma. ClinicalTrials.
gov. https://clinicaltrials.gov/ct2/show/NCT03436654. Accessed August 13, 2020.

39. Study of Abiraterone acetate plus ADT versus APALUTAMIDE versus abiraterone and apalutamide in patients with advanced 
prostate cancer with non-castrate testosterone levels. ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT02867020. 
Accessed August 13, 2020.

40. Liu H, Rajasekaran AK, Moy P, et al. Constitutive and antibody-induced internalization of prostate-specific membrane antigen. 
Cancer Res. 1998;58(18):4055–4060.

41. Jones W, Griffiths K, Barata PC, Paller CJ. PSMA theranostics: review of the current status of PSMA-targeted imaging and 
radioligand therapy. Cancers. 2020;12(6):1367. https://doi.org/10.3390/cancers12061367

42. Lutetium-177-PSMA-I&T in oligo-metastatic hormone sensitive prostate cancer. ClinicalTrials.gov.  
https://clinicaltrials.gov/ct2/show/NCT04443062. Accessed August 13, 2020.

43. In men with metastatic prostate cancer, what is the safety and benefit of lutetium-177 PSMA radionuclide treatment in addition 
to chemotherapy. ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT04343885. Accessed August 13, 2020.

44. McAllister SS, Gifford AM, Greiner AL, et al. Systemic endocrine instigation of indolent tumor growth requires osteopontin. Cell. 
2008;133(6):994–1005. https://doi.org/10.1016/j.cell.2008.04.045

45. Kaplan RN, Riba RD, Zacharoulis S, et al. VEGFR1-positive haematopoietic bone marrow progenitors initiate the pre-metastatic 
niche. Nature. 2005;438(7069):820–827. https://doi.org/10.1038/nature04186

46. Rusthoven CG, Jones BL, Flaig TW, et al. Improved survival with prostate radiation in addition to androgen deprivation therapy 
for men with newly diagnosed metastatic prostate cancer. J Clin Oncol Off J Am Soc Clin Oncol. 2016;34(24):2835–2842.  
https://doi.org/10.1200/JCO.2016.67.4788

47. Parker CC, James ND, Brawley CD, et al. Radiotherapy to the primary tumour for newly diagnosed, metastatic prostate  
cancer (STAMPEDE): a randomised controlled phase 3 trial. Lancet. 2018;392(10162):2353–2366.  
https://doi.org/10.1016/S0140-6736(18)32486-3

48. A phase III study for patients with metastatic hormone-naïve prostate cancer. ClinicalTrials.gov.  
https://clinicaltrials.gov/ct2/show/NCT01957436. Accessed August 13, 2020.

49. Standard systemic therapy with or without definitive treatment in treating participants with metastatic prostate cancer. 
ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT03678025. Accessed August 13, 2020.

50. Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol Off J Am Soc Clin Oncol. 1995;13(1):8–10.  
https://doi.org/10.1200/JCO.1995.13.1.8

51. Weichselbaum RR, Hellman S. Oligometastases revisited. Nat Rev Clin Oncol. 2011;8(6):378–382.  
https://doi.org/10.1038/nrclinonc.2011.44

52. Foster CC, Weichselbaum RR, Pitroda SP. Oligometastatic prostate cancer: reality or figment of imagination? Cancer. 
2019;125(3):340–352. https://doi.org/10.1002/cncr.31860

53. De Bruycker A, Lambert B, Claeys T, et al. Prevalence and prognosis of low-volume, oligorecurrent, hormone-sensitive prostate 
cancer amenable to lesion ablative therapy. BJU Int. 2017;120(6):815–821. https://doi.org/10.1111/bju.13938

54. Thomas L, Balmus C, Ahmadzadehfar H, Essler M, Strunk H, Bundschuh RA. Assessment of Bone metastases in patients with 
prostate cancer – a comparison between 99mTc-bone-scintigraphy and [68Ga]Ga-PSMA PET/CT. Pharmaceuticals. 2017;10(3):68. 
https://doi.org/10.3390/ph10030068

55. Siva S, Bressel M, Murphy DG, et al. Stereotactic ablative body radiotherapy (SABR) for Oligometastatic prostate cancer: a 
prospective clinical trial. Eur Urol. 2018;74(4):455–462. https://doi.org/10.1016/j.eururo.2018.06.004

56. Ost P, Reynders D, Decaestecker K, et al. Surveillance or metastasis-directed therapy for oligometastatic prostate cancer 
recurrence (STOMP): five-year results of a randomized phase II trial. J Clin Oncol. 2020;38(Suppl. 6):10.  
https://doi.org/10.1200/JCO.2020.38.6_suppl.10

57. Phillips R, Shi WY, Deek M, et al. Outcomes of observation vs stereotactic ablative radiation for oligometastatic  
prostate cancer: the ORIOLE phase 2 randomized clinical trial. JAMA Oncol. 2020;6(5):650–659.  
https://doi.org/10.1001/jamaoncol.2020.0147

58. VA Office of Research and Development. Systemic and tumor-directed therapy for oligometastatic prostate cancer. ClinicalTrials.
gov. https://clinicaltrials.gov/ct2/show/NCT03298087. Accessed August 31, 2020.

59. European Institute of Oncology. Radioablation +/− hormonotherapy for prostate cancer oligorecurrences  
(RADIOSA Trial): potential of imaging and biology. ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT03940235.  
Accessed September 3, 2020.

60. University of Utah. Salvage oligometastasectomy and radiation therapy in recurrent prostate cancer (SOAR). ClinicalTrials.gov. 
https://clinicaltrials.gov/ct2/show/NCT03796767. Accessed September 3, 2020.

61. Murai J, Huang SN, Das BB, et al. Trapping of PARP1 and PARP2 by clinical PARP inhibitors. Cancer Res. 2012;72(21):5588–5599. 
https://doi.org/10.1158/0008-5472.CAN-12-2753

https://doi.org/10.7573/dic.2020-10-2
http://drugsincontext.com
https://clinicaltrials.gov/ct2/show/NCT03436654
https://clinicaltrials.gov/ct2/show/NCT02867020
https://doi.org/10.3390/cancers12061367
https://clinicaltrials.gov/ct2/show/NCT04443062
https://clinicaltrials.gov/ct2/show/NCT04343885
https://doi.org/10.1016/j.cell.2008.04.045
https://doi.org/10.1038/nature04186
https://doi.org/10.1200/JCO.2016.67.4788
https://doi.org/10.1016/S0140-6736(18)32486-3
https://clinicaltrials.gov/ct2/show/NCT01957436
https://clinicaltrials.gov/ct2/show/NCT03678025
https://doi.org/10.1200/JCO.1995.13.1.8
https://doi.org/10.1038/nrclinonc.2011.44
https://doi.org/10.1002/cncr.31860
https://doi.org/10.1111/bju.13938
https://doi.org/10.3390/ph10030068
https://doi.org/10.1016/j.eururo.2018.06.004
https://doi.org/10.1200/JCO.2020.38.6_suppl.10
https://doi.org/10.1001/jamaoncol.2020.0147
https://clinicaltrials.gov/ct2/show/NCT03298087
https://clinicaltrials.gov/ct2/show/NCT03940235
https://clinicaltrials.gov/ct2/show/NCT03796767
https://doi.org/10.1158/0008-5472.CAN-12-2753


Sheng IY, Barata P, Alameddine R, Garcia JA. Drugs in Context 2021; 10: 2020-10-2. DOI: 10.7573/dic.2020-10-2 14 of 15
ISSN: 1740-4398

REVIEW – Volume matters for the treatment of advanced prostate cancer drugsincontext.com

62. Helleday T. The underlying mechanism for the PARP and BRCA synthetic lethality: clearing up the misunderstandings. Mol Oncol. 
2011;5(4):387–393. https://doi.org/10.1016/j.molonc.2011.07.001

63. McLornan DP, List A, Mufti GJ. Applying synthetic lethality for the selective targeting of cancer. N Engl J Med.  
2014;371(18):1725–1735. https://doi.org/10.1056/NEJMra1407390

64. Abida W, Armenia J, Gopalan A, et al. Prospective genomic profiling of prostate cancer across disease states reveals  
germline and somatic alterations that may affect clinical decision making. JCO Precis Oncol. 2017;2017:PO.17.00029.  
https://doi.org/10.1200/PO.17.00029

65. Chung JH, Dewal N, Sokol E, et al. Prospective comprehensive genomic profiling of primary and metastatic prostate tumors. JCO 
Precis Oncol. 2019;3:PO.18.00283. https://doi.org/10.1200/PO.18.00283

66. Castro E, Goh C, Olmos D, et al. Germline BRCA mutations are associated with higher risk of nodal involvement, distant 
metastasis, and poor survival outcomes in prostate cancer. J Clin Oncol Off J Am Soc Clin Oncol. 2013;31(14):1748–1757.  
https://doi.org/10.1200/JCO.2012.43.1882

67. Na R, Zheng SL, Han M, et al. Germline mutations in ATM and BRCA1/2 distinguish risk for lethal and indolent prostate cancer and 
are associated with early age at death. Eur Urol. 2017;71(5):740–747. https://doi.org/10.1016/j.eururo.2016.11.033

68. Smith MR, Sandhu SK, Kelly WK, et al. Pre-specified interim analysis of GALAHAD: a phase II study of niraparib in patients 
(pts) with metastatic castration-resistant prostate cancer (mCRPC) and biallelic DNA-repair gene defects (DRD). Ann Oncol. 
2019;30:v884–v885. https://doi.org/10.1093/annonc/mdz394.043

69. De Bono JS, Mehra N, Higano CS, et al. TALAPRO-1: a phase II study of talazoparib (TALA) in men with DNA damage repair 
mutations (DDRmut) and metastatic castration-resistant prostate cancer (mCRPC) — first interim analysis (IA). J Clin Oncol. 
2020;38(Suppl. 6):119. https://doi.org/10.1200/JCO.2020.38.6_suppl.119

70. Ryan CJ, Abida W, Bryce AH, et al. TRITON3: an international, randomized, open-label, phase III study of the PARP inhibitor 
rucaparib vs physician’s choice of therapy for patients with metastatic castration-resistant prostate cancer (mCRPC)  
associated with homologous recombination deficiency (HRD). J Clin Oncol. 2018;36(Suppl. 6):TPS389.  
https://doi.org/10.1200/JCO.2018.36.6_suppl.TPS389

71. de Bono J, Mateo J, Fizazi K, et al. Olaparib for metastatic castration-resistant prostate cancer. N Engl J Med.  
2020;382(22):2091–2102. https://doi.org/10.1056/NEJMoa1911440

72. Trial of rucaparib in patients with metastatic hormone-sensitive prostate cancer harboring germline DNA repair gene mutations. 
ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT03413995. Accessed September 7, 2020.

73. Clovis Oncology, Inc. A study to evaluate rucaparib in patients with solid tumors and with deleterious mutations in HRR genes 
(LODESTAR). ClinicalTrials.gov; 2020. https://clinicaltrials.gov/ct2/show/NCT04171700. Accessed August 11, 2020.

74. Mylavarapu S, Das A, Roy M. Role of BRCA mutations in the modulation of response to platinum therapy. Front Oncol. 2018;8:16. 
https://doi.org/10.3389/fonc.2018.00016

75. CASCARA: castration sensitive carboplatin, cabazitaxel and abiraterone. ClinicalTrials.gov.  
https://clinicaltrials.gov/ct2/show/record/NCT03934840. Accessed August 12, 2020.

76. Zhao SG, Chang SL, Erho N, et al. Associations of luminal and basal subtyping of prostate cancer with prognosis and response to 
androgen deprivation therapy. JAMA Oncol. 2017;3(12):1663–1672. https://doi.org/10.1001/jamaoncol.2017.0751

77. Bertucci F, Finetti P, Goncalves A, Birnbaum D. The therapeutic response of ER+/HER2− breast cancers differs according to the 
molecular basal or luminal subtype. NPJ Breast Cancer. 2020;6(1):8. https://doi.org/10.1038/s41523-020-0151-5

78. Choi W, Porten S, Kim S, et al. Identification of distinct basal and luminal subtypes of muscle-invasive bladder cancer with 
different sensitivities to frontline chemotherapy. Cancer Cell. 2014;25(2):152. https://doi.org/10.1016/j.ccr.2014.01.009

79. Hamid A, Wang XV, Chen Y-H, et al. Luminal B subtype as a predictive biomarker of docetaxel benefit for newly diagnosed 
metastatic hormone sensitive prostate cancer (mHSPC): a correlative study of E3805 CHAARTED. J Clin Oncol.  
2020;38(Suppl. 6):162. https://doi.org/10.1200/JCO.2020.38.6_suppl.162

80. Kohli M, Tan W, Zheng T, et al. Clinical and genomic insights into circulating tumor DNA-based alterations across the  
spectrum of metastatic hormone-sensitive and castrate-resistant prostate cancer. EBioMedicine. 2020;54:102728.  
https://doi.org/10.1016/j.ebiom.2020.102728

81. Mitchell PS, Parkin RK, Kroh EM, et al. Circulating microRNAs as stable blood-based markers for cancer detection. Proc Natl Acad 
Sci USA. 2008;105(30):10513–10518. https://doi.org/10.1073/pnas.0804549105

82. Turchinovich A, Weiz L, Langheinz A, Burwinkel B. Characterization of extracellular circulating microRNA. Nucleic Acids Res. 
2011;39(16):7223–7233. https://doi.org/10.1093/nar/gkr254

83. Cheng HH, Plets M, Li H, et al. Circulating microRNAs and treatment response in the Phase II SWOG S0925 study for patients with 
new metastatic hormone-sensitive prostate cancer. Prostate. 2018;78(2):121–127. https://doi.org/10.1002/pros.23452

84. Thomas L, Sharifi N. Germline HSD3B1 genetics and prostate cancer outcomes. Urology. 2020;145:13–21.  
https://doi.org/10.1016/j.urology.2020.08.028

https://doi.org/10.7573/dic.2020-10-2
http://drugsincontext.com
https://doi.org/10.1016/j.molonc.2011.07.001
https://doi.org/10.1056/NEJMra1407390
https://doi.org/10.1200/PO.17.00029
https://doi.org/10.1200/PO.18.00283
https://doi.org/10.1200/JCO.2012.43.1882
https://doi.org/10.1016/j.eururo.2016.11.033
https://doi.org/10.1093/annonc/mdz394.043
https://doi.org/10.1200/JCO.2020.38.6_suppl.119
https://doi.org/10.1200/JCO.2018.36.6_suppl.TPS389
https://doi.org/10.1056/NEJMoa1911440
https://clinicaltrials.gov/ct2/show/NCT03413995
https://clinicaltrials.gov/ct2/show/NCT04171700
https://doi.org/10.3389/fonc.2018.00016
https://clinicaltrials.gov/ct2/show/record/NCT03934840
https://doi.org/10.1001/jamaoncol.2017.0751
https://doi.org/10.1038/s41523-020-0151-5
https://doi.org/10.1016/j.ccr.2014.01.009
https://doi.org/10.1200/JCO.2020.38.6_suppl.162
https://doi.org/10.1016/j.ebiom.2020.102728
https://doi.org/10.1073/pnas.0804549105
https://doi.org/10.1093/nar/gkr254
https://doi.org/10.1002/pros.23452
https://doi.org/10.1016/j.urology.2020.08.028


Sheng IY, Barata P, Alameddine R, Garcia JA. Drugs in Context 2021; 10: 2020-10-2. DOI: 10.7573/dic.2020-10-2 15 of 15
ISSN: 1740-4398

REVIEW – Volume matters for the treatment of advanced prostate cancer drugsincontext.com

85. Hearn JWD, AbuAli G, Reichard CA, et al. HSD3B1 and resistance to androgen deprivation therapy in prostate cancer: a multi-
cohort study. Lancet Oncol. 2016;17(10):1435–1444. https://doi.org/10.1016/S1470-2045(16)30227-3

86. Agarwal N, Hahn AW, Gill DM, Farnham JM, Poole AI, Cannon-Albright L. Independent validation of effect of HSD3B1  
genotype on response to androgen-deprivation therapy in prostate cancer. JAMA Oncol. 2017;3(6):856–857.  
https://doi.org/10.1001/jamaoncol.2017.0147

87. Alyamani M, Emamekhoo H, Park S, et al. HSD3B1(1245A>C) variant regulates dueling abiraterone metabolite effects in prostate 
cancer. J Clin Invest. 2018;128(8):3333–3340. https://doi.org/10.1172/JCI98319

https://doi.org/10.7573/dic.2020-10-2
http://drugsincontext.com
https://doi.org/10.1016/S1470-2045(16)30227-3
https://doi.org/10.1001/jamaoncol.2017.0147
https://doi.org/10.1172/JCI98319

