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Abstract
Background and Objectives  Several systemic treatments are available for metastatic hormone sensitive prostate cancer 
(mHSPC) including docetaxel (D), abiraterone and prednisone (A + P) and new anti-androgens (NA). In our study we per-
formed a systematic review and meta-analysis assessing efficacy outcomes (survival and radiological-free survival), safety 
and survival on specific subgroups of patients.
Methods  Outcomes of interest were: (i) Risk of death, biochemical and radiological progression among all patients. (ii) Risk 
of death according to different pathological/clinical features. (iii) Evaluation of the relative risk (RR) and risk difference of 
serious toxicity defined as adverse events (AEs) with grade ≥ 3 specific AEs. Hazard ratios (HRs) and RR were measures 
adopted for endpoints 1–3.
Results  Overall, eight randomized trials were included in meta-analysis for a total of 9987 patients. Administration of D, 
A + P and NA resulted in improved overall survival (OS) and radiological progression-free survival (rPFS). Survival benefit 
was not confirmed in patients receiving NA and previously exposed to docetaxel (HR 0.948, 95% CI 0.671–1.338). Patients 
with visceral metastases and high lactate dehydrogenase (LDH) did not benefit from NA treatment, while it seems that 
patients with low Gleason score do not benefit from A + P. NA showed the more favorable safety profile.
Conclusion  NA may not provide survival benefit when adopted subsequently or in concomitant to D. Specific subgroups of 
patients may benefit more from A + P, D or NA. Safety profiles significantly differ among agents evaluated.

1  Introduction

Prostate cancer (PC) is the most common malignancy in 
men representing about 20% of oncological diagnosis [1]. 
Among this large group, only 3%–4% of patients present a 

metastatic hormone sensitive prostate cancer (mHSPC) as 
primary diagnosis [2].

Compared to patients developing metastasis after cura-
tive treatment, de-novo mHSPC is a disease correlated with 
worst prognosis and shorter time to develop a metastatic 
castration-resistant prostate cancer (mCRPC) [3].

Nonetheless, there are specific subgroups of patients with 
mHSPC who presented more favorable prognosis. Generally, 
these patients present low tumor burden, small metastatic 
disease and low Gleason [4].

Traditionally, systemic management of mHSPC has been 
carried out through an androgen deprivation therapy (ADT). 
However, in recent years, several trials evaluating the addi-
tion of systemic compounds to ADT showed that combi-
nation treatment results in improved clinical outcomes. 
Docetaxel was the first systemic agent tested in this setting 
[5–9], followed by abiraterone–prednisone [10, 11]. Very 
recently, data from randomized studies demonstrated that 
the administration of new anti-androgen compounds with 
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ADT resulted in a survival and clinical advantage in patients 
with mHSPC [12–14].

To date, two different studies performed a comparison 
between these agents.

Marchioni et al performed a network meta-analysis show-
ing that administration of new anti-androgen compounds 
with ADT does not reflect a survival advantage compared to 
docetaxel [15]. However, administration of hormonal com-
pounds is associated with lower disease progression rates 
and better safety profile [16]. Similarly, Sathianathen et al 
performed a systematic review and network meta-analyses to 
characterize the comparative efficacy of combination treat-
ments in patients with mHSPC [16]. Combination therapies 
between ADT and other compounds (both chemotherapy 
or hormonal agents) can improve patients’ prognosis and 
overall survival [16].

Here, we carried out a meta-analysis aimed to assess the 
toxicity profiles of these treatments, the survival and pro-
gression-free survival (PFS) benefit in all patients and the 
survival benefit in patients with specific clinical/pathological 
behaviors.

2 � Methods

2.1 � Evidences Acquisition

This meta-analysis has been carried out according to the 
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guidelines.

2.2 � Search Strategies

We searched all perspective, randomized Phase III clinical 
trials published between 01 January 2012 to 15 September 
2019 evaluating a new hormonal agent or other compounds 
in addition to ADT in patients with mHSPC.

Keywords used for searching on Pubmed/Medline, 
Cochrane library, and Scopus, were: “metastatic hormone 
sensitive prostate cancer” OR “mHSPC” OR “metastatic 
prostate cancer” OR “Castration sensitive metastatic pros-
tate cancer” AND “ apalutamide” OR “enzalutamide” OR 

“abiraterone” OR “docetaxel”; only papers published in 
peer-reviewed journals, and written in English language, 
were considered. Furthermore, proceedings of the main 
International Oncological and Urological meetings (Ameri-
can Society of Clinical Oncology, European Society of Med-
ical Oncology, American Association for Cancer Research, 
European Association of Urology, and American Urologi-
cal Association) were also evaluated for relevant abstracts. 
When more publications of the same study were available, 
we adopted the more recent publication with longer follow 
up. Four authors (VDN, FM, VM and MS) made a first study 
selection. Therefore, all authors reviewed all relevant studies 
selected before their inclusion in analyses.

2.3 � Aims of the Meta‑Analysis

Aims of the meta-analysis were:

	 (i)	 To evaluate risk of death, biochemical and radio-
logical progression-free survival (bPFS and rPFS) 
among patients with mHSPC randomized to ADT or 
ADT + experimental compound. For this aim, only 
studies reporting completed results of overall sur-
vival (OS), bPFS and rPFS analyses were evaluated. 
Our aim was to evaluate the different risks of death 
bPFS and rPFS in previously untreated and treated 
patients with mHSPC.

	 (ii)	 To evaluate risk of death of specific patient subpopu-
lations randomized to ADT or ADT + experimental 
compound. Variables of interest were: ECOG per-
formance status (0 vs 1–2), age (< 70, ≥ 70), visceral 
metastases (yes/no), Gleason (< 8, ≥ 8), lactate dehy-
drogenase (LDH) levels (high/normal), high volume 
disease (yes/no). For this aim, only studies reporting 
completed survival outcomes in these subgroups as 
well as studies reporting bPFS analysis were consid-
ered.

	 (iii)	 To evaluate the relative risk (RR) and risk difference 
of serious toxicity defined as adverse events (AEs) 
with grade ≥ 3 of specific AEs such as: fatigue, falls, 
seizure/dizziness, cardiovascular toxicity, death due 
to AE, hypertension, neutropenia, febrile neutro-
penia, anemia, thrombocytopenia, arthralgia and 
edema.

2.4 � Data Extraction and Synthesis

The following data were extracted for each publication: (a) 
population on study (b) OS expressed as hazard ratio (HR) 
with 95% confidence interval (CI); (c) rPFS expressed as HR 
with 95% CI, (d) bPFS expressed as HR with 95% CI; (d) OS 
expressed as HR in patients with ECOG performance status 
0, ECOG performance status 1, age < 70, age ≥ 70, absence 

Key Points 

Several drugs have shown clinical efficacy in patients 
with mHSPC.

Efficacy of these agents may be significantly different 
according to pathological and clinical variables.

Safety profiles of each drug are significantly different.
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of visceral metastases, presence of visceral metastases, high 
volume disease, Gleason score < 8 and Gleason score of 8 
or more (g) serious AEs (fatigue, falls, seizure/dizziness, 
cardiovascular toxicity, death due to AE, hypertension, 
neutropenia, febrile neutropenia, anemia, thrombocytope-
nia, arthralgia and edema) with Grade 3 or more occurred 
among trials considered; (h) median follow up; (h) primary 
and secondary endpoints of trials exanimated.

Four separate authors (VDN, VM, MS and FM) indepen-
dently conducted the search and identification at four differ-
ent times. Results of the research were then shared among all 
authors before final inclusion in analysis. The same process 
was adopted for quantifying the risk of bias according to 
Cochrane tool for risk of bias assessment in randomized tri-
als [17]. Evaluation of studies according to Cochrane tool for 
risk of bias was performed considering the presence of: (1) 
selection bias (presence/absence of bias due to inadequate 
generation of a randomized sequence or inadequate conceal-
ment of allocations before assignment); (2) performance bias 
(knowledge of the allocated interventions by participants and 
personnel during study); (3) detection bias (knowledge of the 
allocated interventions by outcome assessment); (4) attrition 
bias (presence of incomplete outcome data); (5) reporting 
bias (selective outcome reporting); (6) other bias.

2.5 � Statistical Design

Endpoints of the meta-analysis: the evaluation of risk of 
death, risk of bPFS and rPFS all patients (endpoint 1), the 
different risk of death in specific subgroups (endpoint 2). 
Furthermore, we performed a safety analysis among clinical 
trials evaluating the pooled RR of each specific toxicity of 
interest (endpoint 3). Meta-analysis was performed using the 
MedCalc (ver 18.11.3); Excel was used for data collection.

Endpoint 1, 2: Summary measures were HRs with 95% CIs 
for rPFS, bPFS and OS. We applied the inverse variance 
technique for the meta-analysis of HRs. In OS/rPFS analy-
ses, we adopted both a random and a fixed-effects model. 
Statistical heterogeneity between studies was examined 
using I2statistic [17–22].

Endpoint 3: The number of patients receiving experimen-
tal drugs, as well as the number of grade 3 or higher AEs 
in both treatment and control arms were extracted from 
all selected studies. Incidences, RR and 95% CIs were 
subsequently calculated as proposed by Altman et al [8]. 
Cochran’s Q statistic was employed to test heterogeneity 
between studies. The I2 statistic was chosen for quantifica-
tion of inconsistency. Both the inverse variance fixed-effects 
model (weighted with inverse variance) and the random 
effect model was adopted. Studies with no AE in the treat-
ment or control arms were corrected according to Yates. 

Risk difference was estimated as the difference between 
experimental and comparator arm, which was then expressed 
as percentage [17–22].

3 � Results

3.1 � Studies Selection

We selected ten publications [5–14] of the 2892 detected as 
potentially relevant studies. The main reasons for exclusion: 
other setting of intervention, review articles, not randomized 
clinical trials, letters, systematic review or meta-analysis 
(Fig. 1; Supplementary Material). At the end of the process, 
eight randomized clinical trials were selected.

In Table  1 we summarized the design of the study, 
patients enrolled, primary and secondary endpoints. Among 
the studies included, two were upgraded versions of pre-
vious published studies [6, 8]. One randomized trial was 
presented during an international meeting but lacked mature 
data on OS [14]. On the basis of the independent evaluation, 
seven studies were associated with low risk of bias. One 
study presented a moderate risk of bias mainly due to the 
immature follow up. Five of the eight studies selected were 
associated with high risk of bias in the blinding of outcomes 
and assessment section. This was mainly due to the lack 
of placebo/double-blind control. Additionally, one of these 
studies presented an uncertain risk of bias due to the absence 
of complete data about safety analyses [7, 8]. Overall, 9987 
patients were included in this meta-analysis. Of these, 4994 
patients received ADT monotherapy, while 4993 received 
ADT plus experimental compounds. In particular, among 
4993 patients included in experimental arms, 1774 received 
docetaxel (593 also received zoledronic acid), 1557 received 
abiraterone, 1662 were treated with enzalutamide (n = 1137) 
and apalutamide (n = 525).

Of note, in the STAMPEDE trials, we considered only 
patients with metastatic disease for bPFS, rPFS, OS and sub-
group analyses (Table 2).

3.2 � Overall Survival (OS) and Radiological 
Progression‑Free Survival (rPFS) Analysis

Seven of eight [5–13] studies were considered for OS analy-
sis (1 study excluded as OS follow up was still immature 
[14]).

Overall, the administration of experimental compounds 
resulted in a survival advantage (pooled-random HR 0.714; 
CI 0.656–0.777; p value < 0.001; I2 = 15.66%, p = 0.31; 
Fig. 2a.1). The survival advantage was confirmed after the 
inclusion of previously untreated patients (pooled-random 
HR 0.697; CI 0.629–0.772; p value < 0.001; I2 = 37.78%, 
p = 0.13; Fig. 2a.2) and previous docetaxel or concomitant 
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exposed patients (pooled-random HR 0.736; CI 0.662–0.819; 
p value < 0.001; I2 = 35.59%, p = 0.14; Fig. 2a.3).

Survival benefit was demonstrated in patients treated 
with docetaxel (pooled-random HR 0.736; CI 0.662–0.819; 
p value < 0.001; I2 = 0.00%, p = 0.69; Fig. 2c.1), abirater-
one (pooled-random HR 0.615, 95% CI 0.532–0.712; p 
value < 0.001; I2 = 0.00%, p = 0.91; Fig.  2c.2) and new 
anti-androgens (pooled-random for enzalutamide/apal-
utamide-treated patients: 0.690, 95% CI 0.568–0.838; p 
value < 0.001; I2 = 0.00%, p = 0.72; Fig. 2b.1).

Among patients treated with apalutamide or enza-
lutamide, the survival benefit was confirmed in previously 
untreated patients (pooled random HR 0.587, 95% CI, 
0.467–0.736, p < 0.001, I2 = 0.00%, p = 0.46; Fig. 2b.2) but 
no survival benefit emerged in patients exposed (concomi-
tant or subsequently) with docetaxel (pooled random HR 
0.948, 95% CI 0.671–1.338, p = 0.760, I2 = 0%, p = 0.48; 
Fig. 2b.3).

Regarding rPFS analyses, we considered five of eight 
studies selected [5, 6, 10, 12–14] (three studies did not 
report data on rPFS [7–9, 11]). Overall, the administra-
tion of experimental compounds resulted in prolonged 

rPFS in overall cohort (pooled random HR: 0.475, 95% CI 
0.390–0.579, p < 0.001). Heterogeneity was statistically sig-
nificant with an I2 value of 74%, p = 0.004 (Fig. 3a). The 
radiological progression-free advantage was also achiev-
able including patients previously untreated (Fig. 3b.1) and 
exposed (concomitant or subsequently) with docetaxel to 
docetaxel (in this case Heterogeneity was statistically sig-
nificant. I2 value: 81.62%, p = 0.0002; Fig. 3b.2).

When we consider only the three studies with a cohort of 
previously treated patients, the rPFS advantage was avail-
able in all patients, previously untreated patients (Fig. 3c.2) 
and previously treated patients (or patients who received 
concomitant docetaxel) (Fig. 3c.3). An extensive summary 
of the results achieved for this aim are available in the Sup-
plementary Material.

In bPFS analyses, we collected data provided by four of 
eight studies [5, 6, 10, 13, 14]. In this analyses, administra-
tion of experimental compounds (docetaxel, enzalutamide 
or abiraterone) resulted in a significant improvement of 
bPFS, although heterogeneity was statistically significant 
(I2 = 93.99%, p < 0.0001). Similar results have been observed 
when analysis was restricted to patients who received 

Fig. 1   Study selected for meta-
analysis
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Table 1   Description of studies included in meta-analysis

GETUG-AFU-15 [5, 6]
Randomized, open-label, Phase 3 trial evaluating androgen-deprivation therapy (ADT) ± docetaxel (75 mg/m2) in patients with radiologically 

proven mHSPC
Primary endpoint: overall survival (OS)
Secondary endpoints: clinical progression-free survival (cPFS), biochemical progression-free survival (bPFS)
No. of patients
192 in ADT + Docetaxel arm, 193 in ADT alone arm
Median follow-up
83.9 months
Primary endpoint (mOS)
Hazard ratio (HR): 0.88 (95% CI, 0.68–1.14, p = 0.3)
Secondary endpoints (bPFS, rPFS)
0.69 (95% CI, 0.55–0.87; p = 0.002);
HR: 0.67 (95% CI, 0.54–0.84; p < 0.001)
CHAARTED [7, 8]
Randomized, open-label, Phase 3 trial evaluating androgen-deprivation therapy (ADT) ± docetaxel (75 mg/m2) in patients with radiologically 

proven mHSPC
Primary endpoint: overall survival (OS)
Secondary endpoints: time to development of castration resistant prostate cancer (TCRPC). Two amendments were made in this study: the first 

allowed the inclusion of patients with low volume metastatic disease (high volume metastatic disease was defined as: presence of visceral 
metastases or 4 or more bone lesions with one or more lesions beyond vertebral bodies and pelvis) and the second which expanded the initial 
overall cohort to 780 patients

No. of patients
397 in ADT + docetaxel arm, 393 in ADT alone arm
Median follow-up
53.7 months
Primary endpoint (mOS)
HR: 0.72 (95% CI, 0.59–0.89; p = 0.0018)
Secondary endpoints (TCRPC)
HR: 0.61 (95% CI, 0.52–0.73; p < 0.001)
STAMPEDE [9]
STAMPEDE is a multi-arm, multistage trial evaluating multiple distinct strategies in parallel against a single control arm. In this stage, patients 

with high risk, locally advanced, metastatic or recurrent hormono sensitive prostate cancer were randomized to receive ADT, ADT + zole-
dronic acid (ZA, 4 mg every 28 days), ADT + ZA + docetaxel (75 mg/mq) or ADT + docetaxel. Primary outcome was OS, secondary outcome 
failure free survival (FFS)

No. of patients
1184 ADT arm, 593 ADT + ZA, 593 ADT + ZA + docetaxel, 592 ADT + docetaxel
Median follow-up
43 months
Primary endpoint (mOS)
ADT vs ADT + ZA (HR = 0.94, 95% CI 0.79–1.11; p = 0.45)
ADT vs ADT + docetaxel (HR = 0.78, 95% CI 0.66–0.93; p = 0.006)
ADT vs ZA + docetaxel (HR = 0.82, 95% CI 0.69–0.97; p = 0.022)
Secondary endpoints (FFS)
ADT vs ADT + ZA (HR = 0.92, 95% CI 0.81–1.04, p = 0.198)
ADT vs ADT + docetaxel (HR = 0.61, 95% CI 0.53–0.70, p < 0.001)
ADT vs ZA + docetaxel (HR = 0.62, 95% CI 0.54–0.70; p < 0.001)
LATITUDE [10]
Double-blind, placebo-controlled, Phase 3 trial comparing ADT alone to ADT + abiraterone (1000 mg daily) + prednisone (5 mg daily). All 

patients enrolled in this study had a diagnosis of mHSPC. Moreover only patients with two of these risk factors have been enrolled: (1) Glea-
son of 8 or more, (2) visceral metastases, (3) three or more bone metastases

Primary endpoints: OS, rPFS
Secondary endpoints: time to the next “skeletal-related event”, bPFS, time to next treatment, time to initiation of chemotherapy and time to pain 

progression
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Table 1   (continued)

No. of patients
602 ADT + placebo + placebo arm, 597 ADT + abiraterone + prednisone arm
Median follow-up
30.4 months
Primary endpoints (1. mOS, 2. rPFS)
1. ADT + placebo + placebo vs ADT + abiraterone + prednisone (HR = 0.62, 95% CI, 0.51–0.76, p < 0.001)
2. ADT + placebo + placebo vs ADT + abiraterone + prednisone (HR = 0.47, 95% CI, 0.39–0.55, p < 0.001)
Secondary endpoints (1. time to the next “skeletal-related event”, 2. bPFS, 3. time to next treatment, 4. time to initiation of chemotherapy and 5. 

time to pain progression)
1. ADT + placebo + placebo vs ADT + abiraterone + prednisone (HR = 0. 70, 95% CI 0.54–0.92, p = 0.009)
2. ADT + placebo + placebo vs ADT + abiraterone + prednisone (HR = 0.30, 95% CI 0.26–0.35, p < 0.001)
3. ADT + placebo + placebo vs ADT + abiraterone + prednisone (HR = 0.42, 95% CI 0.35–0.5, p < 0.001)
4. ADT + placebo + placebo vs ADT + abiraterone + prednisone (HR = 0.44, 95% CI 0.35–0.56, p < 0.001)
5. ADT + placebo + placebo vs ADT + abiraterone + prednisone (HR = 0.70, 95% CI 0.58–0.83, p < 0.001).
STAMPEDE [11]
STAMPEDE is a multi-arm, multistage trial evaluating multiple distinct strategies in parallel against a single control arm. In this stage, patients 

with newly diagnosed and metastatic, node-positive, or high-risk locally advanced (defined with the presence of two of these risk factors: 
T3–4, Gleason 8–10, PSA of 40 ng/mL or more) or patients with high-risk disease relapsing after radiation therapy or surgery (defined as a 
PSA > 4 ng/mL, with a doubling time < 6 months, PSA level > 20 ng/mL, nodal or metastatic relapse or < 12 months of total ADT with an 
interval of > 12 months without treatment) were randomized to receive ADT alone or ADT + abiraterone (1000 mg) + prednisone (5 mg). Of 
note, this was not a placebo-controlled trial. Primary outcome was OS while FFS was the intermediate primary endpoint. Adverse events, 
symptomatic skeletal events, PFS, prostate cancer specific survival and quality of life were secondary endpoints

No. of patients
957 ADT arm, 960 ADT + abiraterone + prednisone arm
Median follow-up
40 months
Primary endpoints (1. mOS, 2. FFS)
1. ADT vs ADT + abiraterone + prednisone (HR = 0.63, 95% CI 0.52–0.76, p < 0.001)
2. ADT vs ADT + abiraterone + prednisone (HR = 0.29, 95% CI 0.25–0.34, p < 0.001)
Secondary endpoints (1. adverse events, 2. symptomatic skeletal events, 3. PFS, prostate cancer specific survival and 4. quality of life)
1. ADT vs ADT + Abiraterone + prednisone (Grade 3–5 AEs occurred in 33% and 47% respectively)
2. ADT vs ADT + abiraterone + prednisone (HR = 0.46, 95% CI 0.37–0.58, p < 0.001)
3. ADT vs ADT + abiraterone + prednisone (HR = 0.40, 95% CI 0.34–0.47, p < 0.001)
4. Not reported
ARCHES [14]
Phase III randomized, placebo-controlled clinical trial comparing ADT + placebo vs ADT + enzalutamide (160 mg) in patients with mHSPC. 

Primary endpoint was rPFS and OS. Secondary endpoints are: bPFS, time to new anticancer treatment, PSA undetectable rate, objective 
response rate (ORR), time to deterioration in urinary symptoms. To date only data of rPFS final analysis and interim OS analysis have been 
published

No. of patients
576 ADT + placebo arm, 574 ADT + enzalutamide arm
Median follow-up
Not reported
Primary endpoints (1. mOS, 2. rPFS)
1. Only result of interim analysis reported (immature follow up)
2. ADT + placebo vs ADT + enzalutamide (HR = 0.39, 95% CI 0.30–0.50, p < 0.0001)
Secondary endpoints (1. bPFS, 2. time to new anticancer treatment, 3. PSA undetectable rate, 4. objective response rate, 5. time to deterioration 

in urinary symptoms):
1. ADT + placebo vs ADT + enzalutamide (HR 0.19, 95% CI 0.13–0.26, p < 0.0001)
2. ADT + placebo vs ADT + Enzalutamide (HR 0.28, 95% CI 0.20–0.40, p < 0.0001)
3. ADT + placebo vs ADT + enzalutamide (17.6% vs 68.1%, p < 0.0001)
4. ADT + placebo vs ADT + enzalutamide (63.7% vs 83.1%, p < 0.0001)
5. Not reported
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Table 1   (continued)

ENZAMET [13]
Open-label, randomized, Phase 3 trial investigating the combination between enzalutamide (160 mg) and ADT versus ADT alone in patients 

with mHSPC. Primary endpoint was OS while bPFS, clinical PFS, radiological PFS and safety were secondary outcomes. After the enrollment 
of 88 patients, the early administration of docetaxel with testosterone suppression was permitted. Up to two cycles of docetaxel were permit-
ted before randomization. Randomization was performed considering also the presence of high or low volume disease (high volume disease 
defined as defined as the presence of visceral metastases or at least four bone lesions with at least one lesion located beyond the vertebral bod-
ies and pelvis)

No. of patients:
562 ADT, 563 ADT + enzalutamide arm
Median follow-up:
34 months
Primary endpoints (1. mOS, 2. PFS):
1.ADT vs ADT + enzalutamide arm (HR 0.67, 95% CI 0.52–0.86, p = 0.002)
2.ADT vs ADT + enzalutamide arm (HR clinical PFS = 0.40, 95% CI 0.33–0.49 p < 0.0001)
Secondary endpoints (1. bPFS, 2. clinical PFS, and 3. safety)
1. ADT vs ADT + enzalutamide arm (HR clinical PFS = 0.39, 95% CI 0.33–0.47 p < 0.0001)
2. ADT vs ADT + enzalutamide arm (HR clinical PFS = 0.40, 95% CI 0.33–0.49 p < 0.0001)
3 ADT vs ADT + enzalutamide arm (34% vs 42%)
TITAN [12]
Double-blind, Phase 3 trial comparing apalutamide (240 mg) to placebo in addition to standard ADT in patients with mHSPC. Previous doc-

etaxel treatment was allowed. Primary endpoints were OS and rPFS. Secondary endpoint were: time to cytotoxic chemotherapy, time to pain 
progression, time to chronic opioid use, time to skeletal-related event

Randomization was performed considering also the presence of high or low volume disease (high volume disease defined as defined as the pres-
ence of visceral metastases or at least four bone lesions with at least one lesion located beyond the vertebral bodies and pelvis)

No. of patients
527 ADT + placebo, 525 ADT + apalutamide
Median follow-up
22.7 months
Primary endpoints (1. mOS, 2. rPFS)
1. ADT + placebo vs ADT + apalutamide (HR 0.67; 95% CI 0.51–0.89, p = 0.005)
2. ADT + placebo vs ADT + apalutamide (HR 0.48, 95% CI 0.39–0.60, p < 0.001)
Secondary endpoints (1. time to cytotoxic chemotherapy, 2. time to pain progression, 3. time to chronic opioid use, 4. time to skeletal-related 

event,5. bPFS)
1. ADT + placebo vs ADT + apalutamide (HR 0.39, 95% CI 0.27–0.56, p < 0.0001)
2. Not performed
3 Not performed
4. Not performed
5. ADT + placebo vs ADT + apalutamide (HR 0.26, 95% CI 0.21–0.32, p < 0.0001)

Table 2   Risk of bias among trials included: + low risk of bias, − high risk of bias, ? uncertain risk of bias

Study Random 
sequence gen-
eration

Allocation 
concealment

Blinding of partici-
pants and personnel

Blinding of out-
come and assess-
ment

Incomplete 
outcome data

Selective 
reporting

Other bias

GETUG-AFU-15 [5, 6] + + − − + + +
CHAARTED
[7, 8]

+ + − − + ? +

STAMPEDE [9] + + − − + + +
LATITUDE [10] + + + + + + +
STAMPEDE [11] + + − − + + +
ARCHES [14] ? + + + − − ?
ENZAMET[13] + + − − + + +
TITAN [12] + + + + + + +
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hormonal experimental compounds (I2 = 85.9%, p = 0.0008) 
or enzalutamide (I2 = 92.38%, p = 0.0003) (Table 3).

3.3 � Subgroup Analysis

Variable of interest in subgroups analyses were: Eastern 
Cooperative Oncology Group (ECOG) performance status 

0 versus ECOG performance status 1–2, aged < 70 years 
versus aged ≥ 70 years, Gleason < 8 versus ≥ 8, presence 
or absence of visceral metastases, high volume versus low 
volume disease, normal level versus high LDH (Table 3).

In ECOG performance status analysis, all agents showed 
an improvement in survival regardless of initial perfor-
mance status (Table 3). Similarly, patients aged < 70 years 

Fig. 2   Overall survival (OS) analysis among patients with metastatic 
hormone sensitive prostate cancer. a All patients included, includ-
ing patients not previously exposed to docetaxel, patients previously 
exposed to docetaxel. b New anti-androgens overall, exposed and 

not previously exposed to docetaxel. c OS result among metastatic 
patients receiving docetaxel; OS result among metastatic patients 
receiving abiraterone

Fig. 3   Radiological progression-free (rPFS) analysis. a All studies 
reporting rPFS. b All studies including patients who received doc-
etaxel before experimental treatment, all studies including patients 

not exposed to docetaxel. c New anti-androgen treatment among 
patients who did not receive docetaxel and among patients previously 
exposed to docetaxel
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showed clear survival advantages with experimental treat-
ments without particular differences among the classes of 
compounds adopted. However, patients aged ≥ 70 years did 
not show a clear survival benefit with experimental com-
pounds and especially with the administration of docetaxel 
(a survival advantage emerged adopting fixed-effect model; 
however, due to the high level of heterogeneity observed, 
the pooled HR obtained with random-effect model should 
be considered).

Among patients with Gleason < 8, docetaxel and new 
anti-androgen compounds were associated with improved 
survival. Abiraterone did not prolong the OS of patients with 
low Gleason score (Table 3). In patients with higher Gleason 
score, the survival benefit was unclear with administration 
of docetaxel while both abiraterone and new anti-androgen 
were clearly associated with improved survival.

Data on efficacy in patients with visceral metastases 
were available in four of eight studies [7, 8, 10, 12, 13]. 
Of note, administration of apalutamide or enzalutamide 
did not reflect a statistically significant survival advantage 
in patients with visceral metastases (Table 3). Similarly, 
administration of docetaxel did not lead to an OS benefit in 
patients with low volume metastatic disease.

Patients with high serum level of LDH benefit from 
administration of abiraterone, while neither docetaxel nor 
apalutamide showed improved survival in this population. 
A detailed description of the results achieved in sub-group 
analyses is available in the Supplementary Material.

3.4 � Safety Analysis

Overall, 9876 patients were included in safety analyses. Of 
these, 4865 received ADT while 5011 received experimental 
compounds (1807 docetaxel, 1545 abiraterone + prednisone, 
1135 enzalutamide, 524 apalutamide).

In this analysis, administration of docetaxel was signifi-
cantly associated with an increased RR to develop G3 or 
more neutropenia and neutropenia febrile (Table 4). There 
was no significant increased risk of high-grade anemia and 
thrombocytopenia observed with administration of doc-
etaxel. Hormonal treatments were shown to prevent the 
onset of high-grade anemia. Docetaxel was associated with 
an increased risk of sensory toxicity.

In fatigue analyses, all agents were associated with 
increased risk of fatigue development. However, heteroge-
neity of studies evaluating docetaxel was statistically sig-
nificant and no increased risk of high-grade fatigue emerged 
with abiraterone. Only administration of new hormonal anti-
androgen was clearly associated with increased risk of this 
AE.

RR of seizure/dizziness, falls, arthralgia and edema 
resulting from enzalutamide/apalutamide administration 
were not statistically significant.

Increased risk of high-grade cardiovascular toxicity was 
clearly associated with abiraterone + prednisone treatment, 
while the risk of hypertension was not statistically relevant 
in patients receiving apalutamide or enzalutamide.

Risk of death due to AE was unclear in patients treated 
with docetaxel, while patients who received abiraterone or 
new-antiandrogen compounds did not show an increased risk 
of death (Table 4). An extensive description of the result 
obtained in safety analysis is available in the Supplementary 
Material.

4 � Discussion

Here we report the result of a meta-analysis exploring the 
role of chemotherapy and new hormonal treatments in addi-
tion to ADT in patients with mHSPC.

Our results showed that all these agents are able to 
improve OS with the exception of the anti-androgen (apalu-
tamide and enzalutamide) in patients previously exposed to 
docetaxel. Considering that all these agents showed a sur-
vival benefit in randomized clinical trials, our findings are 
not surprising. However, important data may be suggested 
by subgroup analyses.

Overall, all agents were also able to improve rPFS and 
bPFS, while the results of this last analysis were weighted 
by a large heterogeneity. Of interest, we isolated a specific 
subgroup of patients who may present worst survival after 
docetaxel (patients aged ≥ 70 years, high Gleason score at 
diagnosis, and higher LDH serum levels), abiraterone + pred-
nisone (low Gleason score) and apalutamide/enzalutamide 
(visceral metastases, previously or concomitant docetaxel-
exposed patients, high LDH serum levels) treatment.

There are several limitations, which may reduce the 
value of our analyses. First of all the included studies pre-
sented a heterogeneous population, which often consists of 
patients with both metastatic and non-metastatic disease 
(only patients with metastatic disease were included in OS 
and rPFS analyses) [9, 11], patients with different volume 
and risk [5–11] and patients previously exposed to other 
systemic treatment in addition to ADT [12–14]. Another 
limitation is the inclusion of data of sub-groups and explora-
tory analyses, which have the limitation of being previously 
unplanned analysis among trials explored. In subgroup anal-
ysis, some studies reported survival outcomes in patients 
aged < 65 years or > 65 years and thus, the same studies have 
not been included in this subgroup analysis. Moreover, age 
alone is not a useful variable as it does not take in account 
patients’ clinical conditions, comorbidities and performance 
status. Thus, age alone should be not be used as a parameter 
for planning therapeutic choices in clinical practice. Simi-
larly, some studies [12, 14] randomized patients in ECOG 
performance status 0 or 1 (without enrollment of ECOG, 2 
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patients) and this may further underestimate the value of 
ECOG performance status subgroup analysis. Of note, we 
included two docetaxel arms of STAMPEDE trial in our 
analysis and this could translate in an over estimation of 
the overall effect. However, due to the missing impact of 
zoledronic acid on survival, it may be reasonable think that 
it did not influence the effect of docetaxel on OS.

Finally, our analysis stands alone as a quality of life com-
parison among experimental treatments and a cost-effective-
ness evaluations.

Another important limitation emerged in the comparison 
of new anti-androgens after or during docetaxel treatment. 
Indeed, the settings in which docetaxel was administered 
was significantly different (previous docetaxel in TITAN 
study, concomitant docetaxel in ENZAMET trial) [12, 13]. 
This limited the value of our finding. However, in both sub-
group analyses, patients who were previously exposed or 
patients with concomitant docetaxel did not seem to show 
a survival benefit from the addition of new anti-androgens. 
The limited number of patients considered, the high het-
erogeneity and the different modality of docetaxel admin-
istration (previous or concomitant) significantly limited the 
value of this analysis. Moreover, in the apalutamide arm, 
only 11 events occurred, and median overall survival is still 
not mature. Significantly higher percentage of patients who 
received docetaxel have been included in enzalutamide arm.

These limitations are mainly due to the lack of data on 
quality of life in patients receiving new anti-androgen.

Despite these issues, our meta-analysis is, to the best 
of our knowledge, the largest meta-analysis carried out on 
patients with mHSPC and offers a valuable insight into the 
management of the disease.

Overall survival benefit emerged with all agents consid-
ered (docetaxel, abiraterone and enzalutamide) and this is 
consistent with the single result reported by the trials con-
sidered. STAMPEDE, GETUG and ARCHES trials failed to 
report a significant improvement in terms of OS. This may 
be explained by an Inadequate selection of patients rand-
omized to receive docetaxel (STAMPEDE and GETUG) or 
in a still immature OS follow up (ARCHES) [5, 6, 9, 14]. 
However, pooled-HR of studies adopting the same agents 
confirmed that each agent was associated with survival 
improvement raising the key value of a good selection of 
patients before treatment planning.

Of note, we identified that patients with high baseline 
LDH serum levels did not show a survival benefit with the 
addition of new anti-androgens. This result should be care-
fully evaluated as only three studies reported sub-group anal-
ysis in this subpopulation of patients [5, 6, 10, 12] and this 
might have influenced the final results. Indeed, only TITAN 
study [12] reported complete data about patients with low/
high LDH, while no information is available from ARCHES 
and ENZAMET studies [13, 14]. Overall, enzalutamide was 

shown to be an effective treatment in patients with high vol-
ume disease [13] while neither enzalutamide nor apaluta-
mide have shown any real advantage in patients with visceral 
metastases [12, 13].

Curiously, we detected a low level of heterogeneity in 
OS analysis, while higher heterogeneity emerged in rPFS 
and bPFS analyses. It is likely that the different modalities 
and timing of assessment influenced these results, increasing 
heterogeneity of rPFS and bPFS outcome. In particular, the 
high level of heterogeneity emerging from bPFS analysis 
may reflect the different definition and assessment that had 
been adopted by the clinical trials included. Thus, this anal-
ysis should be carefully interpreted as potentially affected 
by these biases. GETUG [5, 6] study provided significantly 
worse results in terms of rPFS and bPFS and was the only 
trial to adopt docetaxel in rPFS and bPFS. The results of 
this trial probably affected the high level of heterogeneity 
observed.

The selection of patients with mHSPC is a well-known 
issue, which emerged during primary studies evaluating 
docetaxel in this population. The evidence that patients 
with high-volume disease benefit from docetaxel, while in 
patients with low-volume disease, there was no clear evalu-
ation of the results of GETUG-AFU-15, CHAARTED, and 
STAMPEDE trials [5–9]. Subsequently the combination 
ADT + abiraterone + prednisone was tested in patients with 
high-risk disease and in patients with lowest stage/grade of 
disease showing positive results on OS [10, 11]. A meta-
analysis that aimed to compare OS in patients receiving doc-
etaxel or abiraterone, failed to show a significant difference 
between these treatments [23, 24]. Subsequently, another 
analysis suggested that abiraterone + prednisone may be the 
most effective treatment; however, heterogeneity and vari-
ability of patients included in trials under investigation may 
have affected the final result [25].

Prevention of disease progression and better quality of 
life also emerged in a comparison analysis between doc-
etaxel and abiraterone [26].

Toxicity may be another important issue to consider 
before treatment planning. In our study, we confirmed the 
classical hematological toxicity of docetaxel and also the 
sensorial neuropathy associated with this treatment. Abi-
raterone + prednisone were significantly associated with an 
increased risk of cardiological toxicity and hypertension, 
confirming the result of a previous analysis of this AE [26].

Classical AE of interest among new anti-androgen com-
pounds are dizziness/seizures, falls and mental impairment. 
In our analysis, we showed that the risk of high-grade dizzi-
ness/seizures is low and infrequent during new anti-andro-
gen treatment. Unfortunately, we were not able to perform 
an evaluation of mental impairment AE due to the lack 
of complete data and maybe the still immature follow-up. 
Curiously, an increased risk of neutropenia emerged with 
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the administration of hormonal agents (no increased risk of 
febrile neutropenia). This outcome may reflect other com-
plications related to prostate cancer (such as cancer medul-
lary replacement and consequent neutropenia) more than a 
specific toxicity of hormonal treatment.

Of note, risk of death during the course of treatment was 
similar among the experimental and comparator arms. The 
inclusion of grade 3 or more AEs may limit the real impact 
of some toxicity. Indeed, low-grade fatigue (such as grade 
2) may be an important toxicity experienced by patients, 
significantly reducing their quality of life.

Our analysis confirms the well-known toxicity profiles of 
new anti-androgens, docetaxel and abiraterone and does not 
add significant insight in the safety profile of these agents. 
However, summarizing evidences about safety profile of 
agents available for management of mHSPC may be an 
important issue, as this is a key element to plan our choices 
in clinical practice.

5 � Conclusion

The addition of chemotherapy, abiraterone or new anti-
androgens to ADT improves survival of patients with 
mHSPC. Our finding is not surprising considering results 
achieved by each drug in randomized studies.

The use of a new anti-androgen may not improve survival 
of patients receiving concomitant docetaxel or previous doc-
etaxel. However, the large heterogeneity among studies eval-
uating this issue limits the value of this observation. Accord-
ing to our results, patients with visceral metastases did not 
seem to show a survival benefit with the administration of 
new anti-androgens. Initial Gleason score may be related to 
different outcomes among patients receiving docetaxel or 
abiraterone. Toxicity profiles of these drugs confirmed the 
known hematological toxicity of docetaxel and cardio-vas-
cular toxicity associated with abiraterone. High-grade AEs 
typically associated with new anti-androgens rarely occur 
during or after treatment.

Results of our meta-analysis suggest that:

•	 Patient selection is essential before treatment planning. 
Indeed, some patients do not benefit from a specific treat-
ment (such as docetaxel for patients with low tumor vol-
ume or enzalutamide/apalutamide in patients previously 
exposed to chemotherapy)

•	 Disease assessment may be an important issue to con-
sider before treatment planning. Low Gleason score may 
be associated with lowest effect of abiraterone on sur-
vival. The presence of visceral metastases should dis-
courage the adoption of apalutamide or enzalutamide.

•	 Toxicity profile of agents should be carefully considered, 
and administration of enzalutamide/apalutamide may be 

a treatment of choice in frail patients. The cardiotoxicity 
of abiraterone should be considered in patients with high 
number of cardiovascular comorbidities, while patients 
with hematopoietic dysfunction or higher risk of infec-
tive disease should be discouraged from the adoption of 
docetaxel in this setting.
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