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Objectives

To perform a systematic review and network meta-analysis to compare the efficacy and safety of currently available
treatments for the management of metastatic hormone-sensitive prostate cancer (mHSPC), as there has been a paradigm
shift with the use of next-generation androgen receptor inhibitors (ARIs) and docetaxel.

Methods

Multiple databases were searched for articles published before May 2020 according to the Preferred Reporting Items for
Systematic Review and Meta-analysis extension statement for network meta-analysis. Studies comparing overall/progression-
free survival (OS/PES) and/or adverse events (AEs) in patients with mHSPC were eligible.

Results

Nine studies (N = 9960) were selected, and formal network meta-analyses were conducted. Abiraterone (hazard ratio [HR]
0.83, 95% credible interval [CrI] 0.76-0.90), docetaxel (HR 0.90, 95% CrI 0.82-0.98), and enzalutamide (HR 0.85, 95% CrI
0.73-0.99) were associated with significantly better OS than androgen-deprivation therapy (ADT), and abiraterone emerged
as the best option. Abiraterone (HR 0.71, 95% CrI 0.67-0.76), apalutamide (HR 0.73, 95% CrI 0.65-0.81), docetaxel (HR
0.84, 95% Crl 0.78-0.90), and enzalutamide (HR 0.67, 95% Crl 0.63—0.71) were associated with significantly better PES than
ADT, and enzalutamide emerged as the best option. Abiraterone (HR 0.85, 95% CrI 0.78-0.93), apalutamide (HR 0.87, 95%
Crl 0.77-0.98), and enzalutamide (HR 0.80, 95% CrI 0.73-0.88) were significantly more effective than docetaxel. Regarding
AEs, apalutamide was the likely best option among the three ARIs. In patients with low-volume mHSPC, enzalutamide was
the best option in terms of OS and PES.

Conclusions

All three ARIs are effective therapies for mHSPC; apalutamide was the best tolerated. All three seemed more effective than
docetaxel. These findings may facilitate individualised treatment strategies and inform future comparative trials.
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Introduction

Prostate cancer is the most common solid cancer and the
second most common cause of cancer-related death in men
[1]. Of the estimated 175 000 new cases of prostate cancer in
the USA diagnosed in 2019, ~6% will present with de novo
metastatic disease and a significant number of patients will
develop metastasis despite prior therapy with curative intent
[1-5]. Systemic androgen-deprivation therapy (ADT) has
been the standard primary treatment strategy in patients with
advanced prostate cancer. However, despite adequate therapy,
the disease eventually progresses to a castration-resistant
prostate stage in most patients [6,7].

Although ADT was the only systemic treatment option
available for metastatic hormone-sensitive prostate cancer
(mHSPC) for many years, clinicians now have access to
various life-prolonging therapies that can be combined with
ADT. These include docetaxel, abiraterone acetate,
enzalutamide, and apalutamide, which all show significant
survival benefits when combined with ADT compared to
ADT alone [8-12]. However, data directly comparing the
effectiveness and safety of these agents to inform optimal
treatment decisions and guideline recommendations are
limited. Treatment selection remains an individualised
decision with factors such as disease burden, cost, toxicity,
performance status, access to drug, and patient as well as
physician preference playing a role [13]. Several network
meta-analyses (NMAs) have been performed to summarise
the evidence from indirect comparisons [14-17]. However,
these NMAs did not include all possible comparisons, as
they were limited to docetaxel and abiraterone or they did
not include recently published data, or they analysed a
heterogeneous population (including not only metastatic
disease but also non-metastatic advanced disease). Indeed,
long-term results of the Systemic Therapy in Advancing or
Metastatic Prostate Cancer: Evaluation of Drug Efficacy
(STAMPEDEClinicalTrials.gov identifier: NCT00268476) and
LATITUDE (ClinicalTrials.gov identifier: NCT01715285)
trials were recently reported [18,19]. Therefore, we
conducted a systematic review of all clinical trials assessing
treatment with next-generation androgen receptor inhibitors
(ARIs) and docetaxel chemotherapy for mHSPC with ADT
as the control arm, and performed NMAs to indirectly
compare the efficacy and safety of these agents. These data
may help inform and guide clinicians in their shared
decision-making with their patients regarding the best
individualised treatment.

Methods

The protocol has been registered in the International
Prospective Register of Systematic Reviews database
(PROSPERO: CRD42020185965).

© 2021 The Authors.

Search Strategy

The systematic review and NMA of randomised controlled
trials (RCTs) comparing systemic therapies for mHSPC were
conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) extension
statement for NMAs [20]. The PubMed, Web of Science, and
Scopus databases were searched to identify reports published
before May 2020 on systemic therapy for mHSPC. The
following keywords were used in our search strategy:
(prostate carcinoma OR prostate cancer OR prostatic
carcinoma OR prostatic cancer) AND (metastatic OR M1 OR
advanced) AND (castration sensitive OR castration naive OR
hormone sensitive OR hormone naive) AND (Randomized).
Furthermore, we also reviewed clinical trial registries and
relevant abstracts presented at major conferences including
the American Society of Clinical Oncology and the European
Society for Medical Oncology. The primary outcome of
interest was overall survival (OS), and the secondary
outcomes were progression free survival (PFS) and adverse
events (AEs). The detailed database search strategy is
presented in Appendix SI.

Initial screening was performed independently by two
investigators based on the titles and abstracts of the article to
identify ineligible reports. Reasons for exclusions were noted.
Potentially relevant reports were subjected to a full-text
review, and the relevance of the reports was confirmed after
data extraction. Disagreements were resolved via consensus
with the co-authors.

Inclusion and Exclusion Criteria

Studies were included if they investigated patients with
mHSPC (Patients) who had undergone systemic therapy
(Intervention) compared with those treated with ADT or
another systemic therapy (Comparison) to assess the
differential effects of treatment on OS, PFS, and AEs
(Outcome) in randomised studies only. We excluded
observational studies, reviews, letters, editorials, meeting
abstracts, replies from authors, and case reports. We did not
apply language restrictions. References of all papers included
were scanned for additional studies of interest.

Data Extraction

Two investigators independently extracted the following
information from the included articles: first author’s name,
publication year, number of patients, agents, treatment
dosage, age, inclusion criteria, subsequent therapy, disease
volume, follow-up duration, oncological outcomes, and AE
outcomes. Subsequently, the hazard ratios (HRs) and 95% Cls
associated with OS and PFS, and AE rate were retrieved. All
HRs were derived from Cox models. All discrepancies
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regarding data extraction were resolved by consensus with the
co-authors.

Risk of Bias Assessment

The risk of bias of each study was assessed according to The
Cochrane Collaboration’s tool for assessing risk of bias [21].
This tool assesses selection bias (random sequence generation
and allocation concealment), performance bias, detection bias,
attrition bias, reporting bias, and other sources of bias

(Fig. S1). The risk of bias of each study was assessed
independently by two authors.

Statistical Analyses

The PFS was defined as the time from treatment initiation to
radiological or clinical progression, or death. We did not
include biochemical progression. The OS was defined as the
time from treatment initiation to death from any cause. For
each outcome, we conducted an NMA using random and
fixed effect models for direct and indirect treatment
comparisons [22,23]. When assessing PFS and OS, contrast-
based analyses were applied with estimated differences in the
log HR and the standard error calculated from the published
HRs and Cls [24]. Relative treatment effects were presented
as HR and 95% credible interval (CrI) [22]. For OS and PFS,
subgroup analyses were conducted among high- and low-
volume disease. High-volume disease was defined as the
presence of metastases involving the viscera, or in the absence
of visceral lesions, four or more bone lesions, one or more of
which must have been in a bony structure beyond the
vertebral column and pelvic bone, according to
ChemoHormonal therapy versus Androgen Ablation
Randomized Trial for Extensive Disease in prostate cancer
(CHAARTED) criteria [8]. For AEs, arm-based analyses were
performed to estimate the odds ratios (ORs) and 95% CrI
from the available raw data presented in the selected
manuscripts [22]. We also estimated the relative ranking of
the different treatments for each outcome using a P-score,
which can be considered a frequentist analogue to the surface
under the cumulative ranking curves [25,26]. Network plots
were used to illustrate the connectivity of the treatment
networks in terms of OS, PFS, and AEs. Heterogeneity was
assessed using I” when more than one trial was available for a
given comparison. All statistical analyses were performed
using R version 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria) and Stata/MP 14.2 (Stata Corp.,
College Station, TX, USA); P < 0.05 was considered to
indicate statistical significance.

Certainty of Evidence

We used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) tool to evaluate each
outcome for certainty or quality of evidence with the levels of

Systemic therapies for mHSPC

evidence divided into ‘very low’, low’, ‘moderate’, or ‘high’
(Table S1) [27,28]. The evaluation of evidence certainty began
as high, and by evaluating the limitations in risk of bias,
inconsistency, imprecision, indirectness, and publication bias,
the certainty of the evidence could be rated down.

Results
Study Selection and Characteristics

Our initial search identified 896 publications, and a total of 789
publications remained after elimination of the duplicates. A
total of 747 articles were excluded after screening the titles and
abstracts, and full-text reviews were performed on 42 articles
(Fig. 1). According to the selection criteria, we identified nine
articles comprising 9960 patients for inclusion in our
systematic review and NMA [8-12,18,19,29-35]. The data
extracted from the nine studies are outlined in Table 1. These
studies were published between 2013 and 2019 and included
4994 patients treated with ADT, 3596 patients treated with
next-generation ARIs, and 1370 patients treated with docetaxel.

NMA

The networks of eligible comparisons are graphically
represented in network plots in terms of OS and PFS
(Fig. S2).

oS

An NMA assessing five different agents was conducted for
the primary outcome of OS. Compared with ADT,
abiraterone, docetaxel, and enzalutamide resulted in
significantly improved OS (HR 0.83, 95% CrI 0.76-0.90; HR
0.90, 95% CrI 0.82-0.98; and HR 0.85, 95% CrI 0.73—0.99,
respectively; Fig. 2A). According to treatment ranking
analysis, abiraterone had the highest likelihood of providing
the maximal OS (P-score, 0.7666), closely followed by
apalutamide and enzalutamide (P-score, 0.6718 and 0.6283,
respectively), and then followed by docetaxel (P-score, 0.4170;
Table 2). Heterogeneity was low in this analysis (I* = 0%).

PFS

An NMA assessing five different agents was conducted for
the secondary outcome of PFS. Compared with ADT,
abiraterone, apalutamide, docetaxel, and enzalutamide
resulted in significantly improved PFS (HR 0.71, 95% Crl
0.67-0.76; HR 0.73, 95% CrI 0.65-0.81; HR 0.84, 95% CrI
0.78-0.90; and HR 0.67, 95% Crl 0.63-0.71, respectively;

Fig. 2B). Compared with docetaxel, abiraterone, apalutamide,
and enzalutamide resulted in significantly improved PFS (HR
0.85, 95% Crl 0.78-0.93; HR 0.87, 95% Crl 0.77-0.98; and
HR 0.80, 95% CrI 0.73-0.88, respectively; Fig. 2C). According

© 2021 The Authors.
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Fig. 1 The PRISMA flow chart, detailing the arficle selection process.
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systemic therapies and oncological outcome
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to treatment ranking analysis, enzalutamide had the highest
likelihood of providing the maximal PFS (P-score: 0.9613;
Table 2). Heterogeneity was low in this analysis (I* = 0%).
AEs

An NMA assessing four different agents was conducted for
the various outcomes of AEs (including any AEs, Grade >3

© 2021 The Authors.

AEs, and serious AEs). None of the three next-generation
ARIs were associated with a significantly higher likelihood of
toxicity defined as any AEs, Grade >3 AEs, or serious AEs
compared to ADT (Fig. 3A—C). According to treatment
ranking analysis, apalutamide was highly likely to have the
lowest rate of all AE outcomes compared to abiraterone and
enzalutamide (Table S2). Available AE profiles are
summarised in Fig. S3.
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Fig. 2 Forest plots showing the association of systemic therapy in mHSPC.
(A) OS, (B) PFS (vs ADT), (C) PFS (vs docetaxel).

A OS

Comparison: other vs ‘ADT’
Treatment (Random Effects Model) HR 95%-Cl
Abiraterone — 0.83 (0.76; 0.90)
ADT 1.00
Apalutamide — 0.84 (0.69:1.02)
Docetaxel —— 0.90 (0.82;0.98)
Enzalutmide — ] 0.85 (0.73;0.99)

[ |

0.8 1 1.25
B PFS

Comparison: other vs ‘ADT’
Treatment (Random Effects Model) HR 95%-Cl
Abiraterone E N 0.71 (0.67;0.76)
ADT 1.00
Apalutamide —i— 0.73 (0.65;0.81)
Docetaxel - 0.84 (0.78;0.90)
Enzalutmide n 0.67 (0.63;0.71)

[ [ I

0.75 1 1.5

C PFS
Comparison: other vs ‘Docetaxel’

Treatment (Random Effects Model) HR 95%-Cl
Abiraterone — 0.85 (0.78;0.93)
ADT —— 119 (1.11;1.28)
Apalutamide —a— 0.87 (0.77:0.98)
Docetaxel 1.00
Enzalutmide = ——_ —— 0.80 (0.73;0.88)

[ | |

0.8 1 1.25

Table 2 Analysis of the treatment ranking (OS and PFS).

Treatment P-score (fixed) P-score (random)
(O}
Abiraterone 0.7666 0.7666
Apalutamide 0.6718 0.6718
Enzalutamide 0.6283 0.6283
Docetaxel 0.4170 0.4170
ADT 0.0163 0.0163
PFS
Enzalutamide 0.9613 0.9613
Abiraterone 0.6704 0.6704
Apalutamide 0.6148 0.6148
Docetaxel 0.2535 0.2535
ADT 0.0000 0.0000

High-Volume Disease (OS and PFS)

In patients with high-volume mHSPC, abiraterone and
docetaxel resulted in significantly improved OS compared
with ADT (HR 0.79, 95% CrI 0.73-0.87; and HR 0.86, 95%
CrI 0.77-0.95, respectively; Fig. S4A). According to treatment

© 2021 The Authors.

Fig. 3 Forest plots showing the association of systemic therapy in mHSPC.
(A) Any AEs rate, (B) Grade >3 AEs rate, (C) serious AEs rate.

A any AE
Comparison: other vs *ADT’
Treatment (Random Effects Model) OR 95%-Cl
Abiraterone : 116 (0.02; 55.25)
ADT | 1.00
Apalutamide 1.05 (0.02;52.10)
Enzalutamide | 3.24 (0.16; 65.04)
0.1 051 2
B >grade 3 AE
Comparison: other vs ‘ADT’
Treatment (Random Effects Model) OR 95%-Cl
Abiraterone — 193 (0.81;4.57)
ADT 1.00
Apalutamide 1.01  (0.43; 2.40)
Enzalutamide :‘: — 1.28 (0.69; 2.36)
0.5 1 2
C serious AE
Comparison: other vs *ADT’
Treatment (Random Effects Model) OR 95%-Cl
Abiraterone ' 119 (0.67;2.13)
ADT ‘ 1.00
Apalutamide 097 (0.53;1.77)
Enzalutamide 4‘— — 1.14 (0.76; 1.73)
[ | 1
0.5 1 2

ranking analysis, abiraterone had the highest likelihood of
providing the maximal OS (P-score: 0.8536; Table S3).
Compared with ADT, abiraterone, apalutamide, docetaxel,
and enzalutamide resulted in significantly improved PFS (HR
0.71, 95% CrlI 0.67-0.76; HR 0.76, 95% CrI 0.67-0.86; HR
0.80, 95% CrlI 0.73—0.87; and HR 0.70, 95% CrI 0.65-0.76,
respectively; Fig. S4B). Compared with docetaxel,
enzalutamide resulted in significantly improved PFS (HR 0.88,
95% CrlI 0.78-0.99; Fig. S4C). According to treatment ranking
analysis, enzalutamide had the highest likelihood of providing
the maximal PFS (P-score: 0.8668), closely followed by
abiraterone (P-score: 0.7841; Table S3).

Low-Volume Disease (OS and PFS)

In patients with low-volume mHSPC, only enzalutamide
resulted in significantly improved OS compared with ADT
(HR 0.69, 95% CrI 0.55-0.87; Fig. S5A). According to
treatment ranking analysis, enzalutamide had the highest
likelihood of providing the maximal OS (P-score: 0.9079;
Table S3). Compared with ADT, enzalutamide, apalutamide,
and abiraterone resulted in significantly improved PFS (HR
0.58, 95% CrI 0.51-0.65; HR 0.64, 95% Crl 0.53—0.78; and
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HR 0.67, 95% CrI 0.58-0.78, respectively; Fig. S5B).
Compared with docetaxel, enzalutamide, apalutamide, and
abiraterone resulted in significantly improved PFS (HR 0.67,
95% Crl 0.55-0.81; HR 0.74, 95% CrI 0.57-0.96; HR 0.77,
95% Crl 0.63—0.95, respectively; Fig. S5C). According to
treatment ranking analysis, enzalutamide had the highest
likelihood of providing the maximal PFS (P-score: 0.9521;
Table S3).

Discussion

We conducted a systematic review of systemic therapy agents
that have been evaluated in RCT's for the treatment of
patients with mHSPC. Furthermore, we performed an NMA
to indirectly compare their safety and efficacy. This approach
generated several findings of interest.

First, all three ARIs appear to be more efficacious than
docetaxel with regards to PES, while OS associated with each
agent did not differ significantly. Second, apalutamide was the
best tolerated of the three ARIs with the rate of AEs being
similar to that with ADT. Third, enzalutamide emerged as the
most likely best treatment option regarding OS and PES in
patients with low-volume mHSPC.

These represent important developments, given that earlier
NMAs did not include recently published data, and/or
included heterogeneous populations in their analyses (not
only mHSPC but advanced HSPC) [14-17]. Therefore, we
focussed on patients with mHSPC only. Moreover, we
included recently reported, long-term results from the
STAMPEDE and LATITUDE trials [18,19]. We also excluded
the STAMPEDE trial from our AE analysis, which provided
only limited information on AEs reported in patients with
metastasis. We employed these strict inclusion and exclusion
criteria to make the populations included as homogeneous
and comparable as possible. In addition, we did not include
biochemical progression as a definition of progression in our
analyses to allow comparisons between docetaxel and ARIs.
Thus, on these points, we believe our NMA will be found of
more value than the two recently published NMAs [16,17] in
facilitating individualised treatment selection, while our NMA
is similar in its focus on docetaxel, abiraterone, enzalutamide,
and apalutamide.

In agreement with earlier NMAs [15-17,36], our updated
NMA demonstrated that ARIs are superior to docetaxel in
improving PFS. One major reason for better PFS benefits
with ARIs over those with docetaxel in these studies could be
that while docetaxel was discontinued after six courses of
treatment, ARIs were continued indefinitely. The fact that this
did not necessarily translate into OS benefits, however, may
be accounted for by various factors, including the subsequent
treatment and the RCTs, among these studies, which had
insufficient follow up for OS assessment. It is also suggested
that metastasis-free survival could serve as a surrogate for OS

Systemic therapies for mHSPC

in patients with localised prostate cancer [37], while there is
insufficient evidence for the direct correlation between PFS
and OS in patients with mHSPC; that PFS predicts OS in
patients with metastatic castration-resistant prostate cancer
(mCRPC) treated with abiraterone [38] or enzalutamide [39]
and that progression within 6 months of treatment with
docetaxel is the best surrogate for OS in patients with
mHSPC treated with docetaxel [40]. Taken together, it may
be thus concluded that the superior PFS benefits with ARIs
over those with docetaxel reflect the high clinical utility.

The STAMPEDE trial directly compared ADT plus docetaxel
and ADT plus abiraterone in men with mHSPC (arms C and
G) based on its multi-arm design and showed an advantage
of ADT plus abiraterone over ADT plus docetaxel for PES
but not for OS [34]. While being consistent with that in this
NMA, this finding needs to be interpreted with caution, as
the trial was not designed to directly compare these two
therapies and might be underpowered to detect the
differences that there could have been between the arms.
Moreover, many patients treated with docetaxel had very
limited salvage CRPC options compared to those treated with
abiraterone, simply due to time considerations in licensing,
which led to the two therapies being used in different ways
[34]. Moreover, abiraterone is being used until patients
develop CRPC, often for so many years until all options have
been exhausted for CRPC, while, in contrast, docetaxel is
being given as an 18-week course treatment, which leaves still
many options for patients who develop CRPC [34].

While every effort was made to include non-heterogeneous
populations, the population characteristics may have differed
significantly between the studies, thus making the trials
evaluated less comparable. Notably, caution should be
exercised in interpreting the data on abiraterone from the
LATITUDE trial [9,18], which enrolled only those with high-
risk mHSPC, unlike the majority of RCTs evaluated in our
present study, which enrolled all patients with mHSPC.
Indeed, the efficacy of abiraterone may have been unfairly
estimated in comparison with the other treatments in the
LATITUDE trial. Our present analysis also focussed on
patients with mHSPC in the STAMPEDE trial, which
included not only patients with mHSPC but patients with
high-risk locally advanced prostate cancer. Moreover, the
ENZAMET (ClinicalTrials.gov identifier: NCT02446405) trial
involved the use of non-steroidal antiandrogen therapy with
ADT in the control arm, where, given the small survival
benefit thought likely with complete androgen blockade, the
results may therefore have weighed against enzalutamide
[10,41]. In addition, the optimal sequence of chemotherapy
and the use of an oral antiandrogen remain controversial.
Approval of docetaxel in the mHSPC setting led to its use in
the ARCHES (ClinicalTrials.gov identifier: NCT02677896),
ENZAMET, and TITAN (ClinicalTrials.gov identifier:
NCT02489318) trials [10-12]. However, the timing of
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initiation of docetaxel varied widely between the trials, with
docetaxel initiated before enzalutamide or apalutamide in the
ARCHES and TITAN trials, used concurrently with
enzalutamide in the ENZAMET trial, and not used at all in
the LATITUDE trial. Because docetaxel was not yet approved
when LATITUDE was accruing, prior or concurrent docetaxel
use was not permitted. Furthermore, the proportions of
patients with high-volume disease (46-92% in the treatment
group vs 47-78% in the control group), patients with
relapsed/de novo disease (de novo disease, 57.7-100% in the
treatment group vs 58.2-100% in the control group), and
patients receiving subsequent treatments (30-68% in the
treatment group vs 57-85%) varied widely between the RCTs
evaluated. This is among the considerations to be borne in
mind when interpreting the findings from our present NMA
that indirectly compared these studies.

In our present NMA, apalutamide was the best tolerated of
the three ARIs. Molecularly and mechanistically similar to
enzalutamide, it antagonises the ligand-binding domain of the
AR with potent affinity, thereby preventing AR nuclear
translocation [42]. Enzalutamide and apalutamide have low
affinity for the gamma-aminobutyric acid type A receptor in
the brain. However, the steady-state level of apalutamide is
fourfold lower than that of enzalutamide, suggesting lower
seizurogenic potential and fewer CNS AEs, such as fatigue.
Indeed, the reported rates of fatigue in the TITAN trial were
numerically much lower than those in the ENZAMET trial
[10,12]. Moreover, these agents differ substantially in their
toxicity profile. In our present study, docetaxel was associated
with the highest risk of fatigue, neuropathy, and
myelosuppression including neutropenia, anaemia, and
thrombocytopenia. Of the AEs related to the hepatic enzymes,
docetaxel and abiraterone were associated with a higher risk
of increased aspartate aminotransferase (AST) and alanine
aminotransferase (ALT). To focus on Grade >3 AEs related to
the hepatic enzymes, abiraterone was associated with the
highest risk of elevated AST and ALT. Moreover, abiraterone
had the highest risk of hypertension, and apalutamide had
the highest risk of cardiovascular disease, dizziness, and rash.
Enzalutamide had a relatively high risk of cardiovascular
disease, dizziness, fall, hypertension, and rash. Furthermore,
unlike abiraterone and docetaxel, apalutamide and
enzalutamide required no additional steroid administration
and were deemed safer to use than the other agents in
patients with poorly controlled diabetes or heart failure.
Finally, these agents also differed in their mode of
administration (intravenous or oral) and duration of
treatment that could also have different AE implications.

Volume of disease is an important aspect in determining the
optimal treatment [13]. In the present study, enzalutamide
emerged as the best option in terms of OS and PFS benefits
in patients with low-volume mHSPC. In the ENZAMET and
ARCHES trials, the treatment effect of enzalutamide was
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lower in patients with high-volume disease compared to those
with low-volume disease [10,11]. Low-volume disease
generally represents an earlier stage of disease than high-
volume disease and involves fewer AR-independent cells that
may thus be targeted more effectively with ARIs [43],
potentially leading to the proportionally strategy’s superiority
of ARIs over chemotherapy in low-volume disease compared
to high-volume disease.

There are several other factors than just survival or AEs that
could influence the choice of agents for patients with mHSPC
and therefore the decision should still be individually tailored
to each patient. First, the present analysis does not include
any information on quality of life (QoL), and this should be
an important consideration from a patient’s viewpoint. The
literature reports that patients on ADT plus docetaxel initially
have inferior QoL while on treatment compared with ADT
alone, but this is shown to improve over time and outweigh
that with ADT alone [44]. By contrast, the LATITUDE trial
reported that patients on abiraterone had a consistently better
QoL compared with those receiving ADT alone at most time
points measured [45]. Enzalutamide plus ADT allowed men
with mHSPC to maintain high-functioning health-related
QoL and a low symptom burden in the ARCHES trial [46],
while apalutamide was shown to be comparable to ADT
alone from a QoL perspective in the TITAN trial [47]. Of all
studies included in the present NMA, the STAMPEDE trial is
the only RCT that compared docetaxel and abiraterone for
their QoL impact [48]. Focussing on global QoL over 2 years,
the study showed that the QoL scores were 3.9 points higher
in those treated with abiraterone and that abiraterone was
associated with a consistently better global QoL, as at the pre-
defined time points of 12 and 24 weeks, and 2 years [48].
Second, the drug cost that varies from one agent to another is
among the factors to consider in the decision-making process.
A recent study of ADT alone, ADT plus docetaxel, and ADT
plus abiraterone demonstrated that although abiraterone is
potentially more effective than docetaxel, it was not a cost-
effective option [49]. Likewise, docetaxel was shown to be
superior to abiraterone in cost-effectiveness studies comparing
these agents in patients with mHSPC [50,51]. Furthermore, in
a study comparing ADT and ADT plus ARIs (apalutamide,
enzalutamide, darolutamide) in patients with nonmetastatic
CRPC, apalutamide and ADT was shown to be most likely to
be cost-effective [52]. Thus, while too high a cost may be a
barrier to the spread of these treatments and may limit the
development of newer compounds, unfortunately, cost-
analysis was not part of the trials included in the present
analysis and made it difficult to address the cost
considerations [16].

Despite the comprehensive nature of the present systematic
review, there are some limitations that should be considered
when interpreting the results. First, although indirect
treatment comparison analyses have been used and validated
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to compare outcomes from RCTs, this approach falls short of
a direct (head-to-head) treatment comparison. In the absence
of more extensive prospective comparative trial data, NMAs
have only a limited role in facilitating appropriate patient
selection for the different treatment options available, a task
that remains yet to be fulfilled. Thus, the findings of our
present study remain yet to be validated in direct and well-
designed comparative trials. Second, the present NMA was
based on the reporting quality of the trials, which may have
been affected by several types of biases, thus limiting the
validity of the overall findings. Third, because of the inherent
limitations of published data, it was impossible to perform a
meta-analysis of adjusted effect estimates. Finally, the
differing subsequent therapies implemented across the
treatment arms in the trials evaluated may have influenced
OS. For example, 78.6% of patients in the ENZAMET trial
received life-prolonging agents as a subsequent therapy
compared with 60.1% and 47.4% of patients in the TITAN
and LATITUDE trials, respectively [9,10,12]. In addition, the
OS data from some trials, such as the ARCHES trial, were
immature, and study outcomes may vary considerably
pending their final analyses [11]. In addition to these
limitations, high- and low-volume disease may not be
accurately distinguished based solely on conventional imaging
modalities because of their limited sensitivity. Thus, the
patients analysed in the present study should be deemed to
have high-volume metastatic disease rather than low-volume
disease. The endpoint of radiographic progression on
conventional imaging is currently losing favour as the use of
prostate-specific membrane antigen positron emission
tomography imaging increases in this disease stage.

Conclusion

In the present systematic review and NMA of systemic
therapies for patients with mHSPC, we indirectly compared
data from phase III clinical trials. ARIs were identified as
effective treatment options, providing both PFS and OS
benefits. In addition, apalutamide appeared to have the best
tolerability profile of all ARIs. However, it should also be
noted that the median follow-up of patients receiving
apalutamide was much shorter and the probability of
associated AEs was therefore smaller. On the other hand,
enzalutamide had the highest likelihood of providing the
maximum PFS and OS benefits in patients with low-volume
mHSPC. These findings may provide guidance to patients
with mHSPC and clinicians in their treatment decisions in
conjunction with other personalised medicine aspects.
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