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Abstract
Introduction This systematic review and meta-analysis aimed to assess the prognostic value of testosterone in patients with 
castration-resistant prostate cancer (CRPC).
Materials and methods PubMed, Web of Science, and Scopus databases were systematically searched until December 
2019, according to the Preferred Reporting Items for Systemic Review and Meta-analysis statement. The endpoints were 
progression-free survival (PFS) and overall survival (OS).
Results We identified 11 articles with 4206 patients for systematic review and nine articles with 4136 patients for meta-anal-
ysis. Higher testosterone levels were significantly associated with better OS (pooled HR 0.74, 95% CI 0.58–0.95) and better 
PFS (pooled HR 0.51, 95% CI 0.30–0.87). Subgroup analyses based on the treatment type revealed that higher testosterone 
levels were significantly associated with better OS in CRPC patients treated with androgen receptor-targeted agents (ARTAs) 
(pooled HR 0.64, 95% CI 0.55–0.75), but not in those treated with chemotherapy (pooled HR 0.78, 95% CI 0.53–1.14).
Conclusion This meta-analysis demonstrated that the PFS and OS were significantly greater in patients with CRPC in those 
with higher testosterone levels than that of those with lower testosterone levels. In the subgroup analyses, lower testosterone 
levels were a consistently poor prognostic factor for OS in patients treated with ARTAs, but not in those treated with chemo-
therapy. Therefore, higher testosterone levels could be a useful biomarker to identify patient subgroups in which ARTAs 
should be preferentially recommended in the CRPC setting.
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Introduction

Testosterone is the main growth stimulator for hormone-
sensitive prostate cancer (PC). Androgen-deprivation ther-
apy (ADT) is the mainstay treatment for some advanced 
and almost all metastatic hormone-sensitive PC [1]. 
Despite early efficacy, eventually, tumors progress to a 
castration-resistant state during ADT despite serum tes-
tosterone levels below castration levels (< 50 ng/dL) [1]. 
Recently, evidence regarding the continuous control role 
of androgens and androgen receptor (AR) in this castra-
tion-resistant state has been increasing. Pathophysiological 
mechanisms that may contribute to progression to CRPC 
are AR gene amplification, AR mutations, increased activ-
ity of transcriptional coactivator proteins, stimulation of 
kinases that directly or indirectly enhance AR responses to 
low androgen levels, and increased intra-tumoral androgen 
synthesis [2]. Based on the understanding of these factors 
in the CRPC pathogenesis, new hormonal axis-targeting 
androgen receptor-targeted agents (ARTAs) therapies (i.e., 
enzalutamide and abiraterone acetate) [3, 4] have been 
developed, tooled, and established as standard therapies 
for CRPC patients as well as in earlier disease states [1]. 
Other novel effective therapeutic strategies for CRPC 
include chemotherapy (docetaxel, cabazitaxel [5], and 
radium-223 dichloride [6]). One of the challenges has been 
to understand the optimal sequence of these therapeutic 
modalities for each individual patient. Testosterone seems 
to be importance even in CRPC as the level of testosterone 
may have a higher significance than previously thought. 
Indeed, the testosterone level to be classified as castrate 
varies between guidelines and experts [7]. The relation-
ship between serum testosterone and prognosis of PC has 
been of interest among physicians in recent years [8–10].

Several works of literature to assess the relationship 
between serum testosterone and PC have been reported. 
Klap et al reported a comprehensive review of these rela-
tionships. The authors concluded that the relationships 
among serum testosterone levels, the incidence of PC, 
aggressiveness, and oncological outcomes showed con-
flicting results and has been controversial [11]. In 2018, 
Claps et al. reported a systematic review and meta-anal-
ysis of the relationship between testosterone levels and 
PC prognosis based on the articles until September 2017. 
Focusing on patients with CRPC, serum testosterone levels 
were found to be significantly associated with reduced risk 
of progression, although not death [12]. Additionally, the 
authors included as a limitation the great heterogeneity 
in the systematic treatments of the patients with CRPC. 
Moreover, only one of the included studies had assessed 
the relationship between serum testosterone levels and the 
overall survival (OS) of patients with CRPC treated with 

new ARTAs. Therefore, the association between pretreat-
ment serum testosterone levels and prognosis of patients 
with CRPC treated with new ARTAs and taxane chemo-
therapies is still unclear.

Several biomarkers have been reported to predict the anti-
tumor response of the new ARTAs and taxane chemother-
apy. For example, the presence of visceral metastases, symp-
tomatic disease, and the short response of primary ADT are 
prognostic factors that favor chemotherapy [13]. However, 
no definitive guideline to help the choice between the two 
drugs has been established. Therefore, we performed a sys-
tematic review and meta-analysis to summarize the recent 
data of the relationship and to assess the prognostic effect 
of testosterone in patients with CRPC.

Materials and methods

Search strategy

The current systematic review and meta-analysis were per-
formed in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses guidelines [14]. 
We searched PubMed, Web of Science, and Scopus to inves-
tigate the prognostic value of testosterone in patients with 
CRPC until December 2019. Articles published in the Eng-
lish language were only considered. There was no restriction 
regarding the publication period. The study protocol is regis-
tered in the International Prospective Register of Systematic 
Reviews database (PROSPERO CRD 42020161307).

After an initial screening based on study titles and 
abstracts, all papers were assessed based on full texts and 
excluded with reasons when inappropriate; a further evalua-
tion of the appropriateness of the papers based on a full-text 
revision was performed after data extraction. The following 
keywords were used in our search strategy: (castration-resist-
ant prostate cancer OR crpc OR hormone refractory prostate 
cancer OR hrpc) AND (testosterone) AND (survival OR 
mortality OR progression OR overall survival OR OS OR 
cancer-specific survival OR CSS OR metastasis-free sur-
vival OR MFS). The endpoints of interest were progression-
free survival (PFS), cancer-specific survival (CSS), and OS.

The initial screening was performed independently by two 
investigators based on the titles and abstracts for ineligible 
reports. The reasons for exclusions were recorded. A full-
paper review was performed for potentially relevant reports, 
and the relevance of the reports was confirmed after the data 
extraction process. In case of multiple reports of the same 
cohort, the ones with the most complete data aggregated 
with the longest follow-up duration were selected. Discrep-
ancies were resolved by consensus or recourse to the senior 
author.
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Inclusion and exclusion criteria

Studies were included if they included a comparison of 
patients with CRPC (Patients) treated with any drugs for 
CRPC with lower testosterone levels (Intervention) and 
those with higher testosterone levels (Comparison) to assess 
the prognostic effect of testosterone on PFS, CSS, and OS 
(Outcome) using multivariable Cox regression analysis 
(Study design) in nonrandomized, observational, or cohort 
studies. CRPC was defined as disease progression despite 
castrate levels of serum testosterone (≤ 50 ng/dL) [1]. PFS 
was defined as the time interval between the start of treat-
ment and the time of radiological, clinical, or biochemical 
progression or last tumor evaluation. OS was defined as the 
time between the first day of treatment and the date of death 
from any cause or the date of the last follow-up. We excluded 
articles not in English, reviews, editorials, letters, or case 
reports.

Data extraction

The information was independently extracted by two inves-
tigators including authors’ names, year of publication, study 
design, treatment, time of testosterone assessment, testoster-
one, testosterone cut-off value, number, follow-up duration. 
Subsequently, the hazard ratios (HRs) and 95% confidence 
intervals (CIs) of the testosterone associated with each of 
the outcomes were retrieved. We used the following conver-
sion formula to convert “nmol/L” to “ng/dL” (Testosterone: 
0.0347 nmol/L = 1 ng/dL) [15]. HRs were extracted from 
the multivariable analyses for meta-analysis. Discrepancies 
were resolved by consensus and/or recourse to the senior 
author.

Quality assessment

We assessed the quality of the included studies using the 
Newcastle–Ottawa Scale (NOS) according to the Cochrane 
Handbook for systematic reviews of interventions for the 
included nonrandomised studies [16, 17]. In this meta-anal-
ysis, the article quality of cohort studies was assessed as low 
quality (0–3 points), moderate quality (4–6 points), and high 
quality (7–9 points). The main confounding factors were 
identified as the important prognostic factors of PFS and 
OS. The articles were reviewed to determine the presence 
of confounders. Studies with scores greater than six were 
identified as “high quality.”

Statistical analyses

Forest plots were used to assess multivariate HRs and to 
obtain summary HRs to elucidate the relationship between 
higher testosterone levels and PFS and OS. The studies 

which used only Kaplan–Meier log-rank analysis, univari-
ate Cox proportional hazard regression analysis, or general 
logistic regression analysis were excluded for meta-analysis. 
We calculated the corresponding 95% CIs in studies with 
only HRs and p value [18, 19].

Additionally, we performed subgroup analyses for each 
treatment type, such as ARTAs and chemotherapy. Hetero-
geneity among the outcomes of the included studies in this 
meta-analysis was evaluated using the Cochrane’s Q test and 
the I2 statistics. Significant heterogeneity was indicated by 
p < 0.05 in the Cochran’s Q tests and a ratio >50% in I2 
statistics. We used fixed effects models for the calculation 
of pooled HRs for non-heterogeneity results [20–22]. Pub-
lication bias was assessed using funnel plots. All statistical 
analyses were performed using Stata/MP 14.2 (Stata Corp., 
College Station, TX); statistical significance level was set 
at p < 0.05.

Results

Literature search

Overall, 1748 publications were identified in the initial 
search (PubMed, 370; Scopus, 940; Web of Science, 438). 
Of these, 1570 articles were excluded after screening for 
duplicates, non-relevant articles according to inclusion 
criteria, books, reviews, editorial comment, case reports, 
abstracts without an article, and non-English articles. A 
full-text review was performed for 178 potentially relevant 
articles. After evaluating the selection criteria, we identified 
11 articles with 4206 patients for systematic review and ten 
articles with 4136 patients for meta-analysis [8–10, 23–30]. 
Figure 1 depicts the selection process and list.

Study characteristics

In the 11 included studies, 14 cohorts were evaluated for 
endpoints of interest. The extracted data from the 11 studies 
are outlined in Table 1. Various cut-off values were reported 
for testosterone levels, with a range of 2.6–14.5 ng/dL and 
2.6–13.0 ng/dL for OS and PFS, respectively. Of these 
included cohorts, those treated with ARTAs were three for 
OS and seven for PFS. Those treated with chemotherapy 
were two for OS and one for PFS.

Study quality

According to the NOS, ten studies were considered high-
quality and one as medium-quality (Supplementary Table 1).
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Meta‑analysis

Association of testosterone with OS in CRPC

We assessed the association between testosterone and OS in 
six cohorts of retrospective studies including 3641 patients 
with CRPC. The forest plot (Fig. 2a) revealed that higher 
testosterone levels according to the cut-off used in each 
study were significantly associated with better OS (pooled 
HR 0.74, 95% CI 0.58–0.95; z = 2.41; p = 0.016). The 
Cochrane’s Q test (χ2 = 39.87; p = 0.000) and I2 test (I2 = 
87.5%) revealed significant heterogeneity. The funnel plot 
identified three cohorts over the pseudo-95% CI (Fig. 2a).

Association of testosterone with PFS in CRPC

Nine cohorts, including 1839 patients, retrospectively evalu-
ated the association of testosterone level with PFS in CRPC 
patients. The forest plot (Fig. 2b) revealed that higher testos-
terone levels were significantly associated with better PFS 

(pooled HR 0.51, 95% CI 0.30–0.87; z = 2.45; p = 0.014). 
The Cochrane’s Q test (χ2 = 51.94; p = 0.000) and I2 test (I2 
= 84.6%) revealed significant heterogeneity. The funnel plot 
identified seven cohorts over the pseudo-95% CI (Fig. 2b).

Association of testosterone with OS and PFS in patients 
with CRPC treated with ARTAs

Three cohorts including 1323 patients provided data on the 
association of testosterone with OS in patients with CRPC 
treated with ARTAs. The forest plot (Fig. 3a) revealed that 
higher testosterone levels were significantly associated 
with better OS in patients with CRPC treated with ARTAs 
(pooled HR 0.64, 95% CI 0.55–0.75; z = 5.53; p = 0.000). 
The Cochrane’s Q test (χ2 = 1.53; p = 0.466) and I2 test (I2 
= 0.0%) revealed no significant heterogeneity. The funnel 
plot identified no cohort over the pseudo-95% CI (Fig. 3a).

Seven cohorts including 575 patients provided data on the 
association of testosterone with PFS in patients with CRPC 
treated with ARTAs. The forest plot (Fig. 3b) revealed that 

Fig. 1  Preferred reporting items for systematic reviews and meta-
analyses flow chart for article selection process to analyze the prog-
nostic impact of serum testosterone levels in castration-resistant 

prostate cancer. The studies in which HR was extracted from the mul-
tivariable analysis were included for qualitative meta-analysis
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the higher testosterone levels were significantly associated 
with better PFS in patients with CRPC treated with ARTAs 
(pooled HR 0.35, 95% CI 0.26–0.48; z = 6.52; p = 0.000). 
The Cochrane’s Q test (χ2 = 4.45; p = 0.617) and I2 test (I2 
= 0.0%) revealed no significant heterogeneity. No cohort 
over the pseudo-95% CI (Fig. 3b) was identified by the fun-
nel plot.

Association of testosterone with OS and PFS in patients 
with CRPC treated with chemotherapy

Two cohorts including 1102 patients provided data on the 
association of testosterone with OS in patients with CRPC 
treated with chemotherapy. The forest plot (Fig. 4) revealed 
that higher testosterone levels were not significantly asso-
ciated with better OS in patients with CRPC treated with 
chemotherapy (pooled HR 0.78, 95% CI 0.53–1.14; z = 1.29; 
p = 0197). The Cochrane’s Q test (χ2 = 2.62; p = 0.105) 
and I2 test (I2 = 61.9%) revealed significant heterogeneity. 
The funnel plot identified no cohort over the pseudo-95% CI 
(Fig. 4). Only one cohort provided data on the association 
of testosterone with PFS in patients with CRPC treated with 
chemotherapy [10]. This report showed that higher testos-
terone levels were significantly associated with worse PFS 
in patients with CRPC treated with chemotherapy (Table 1).

Discussion

In this systematic review and meta-analysis, the prognostic 
effect of testosterone levels was assessed in patients with 
CRPC. Lower testosterone levels were found to be a poor 
prognostic factor for both PFS and OS in these patients. 
However, the results had some heterogeneity. One of the rea-
sons could be the treatment differences. Therefore, perform-
ing subgroup analyses was necessary based on the treatment 
type for CRPC. Subgroup analyses based on the treatment 
type showed that higher testosterone was associated with 
better OS in CRPC patients treated with ARTAs, but not in 
those treated with chemotherapy.

Several studies have reported that a lower nadir serum 
testosterone level during primary ADT can be a favorable 
prognostic factor for hormone-sensitive PC [31, 32]. In 
contrast, in the CRPC disease state, we found that lower 
serum testosterone is significantly associated with worse 
PFS and OS. Claps et al suggested in their review that the 
relationship between serum testosterone level and PC prog-
nosis varied in different clinical settings and according to 
ADT administration [12]. That is, these data suggest that 
patients who achieve the lowest testosterone levels during 
conventional first-line ADT generally benefit more from this 
treatment. However, after advancement to CRPC disease 
state, patients with lower testosterone levels seem to have a Fi
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worse prognosis. Persistent blockage of androgen signaling 
is thought to trigger the selection of PCa cell clones that can 
upregulate the AR bypass pathway, ultimately conferring a 
castration-resistant phenotype [2]. Several studies have dem-
onstrated AR bypass pathways are not dependent on AR for 
its downregulation [33]. It is speculated that low testosterone 
status may confer more aggressive biological and clinical 
conditions related to its survival and therapeutic response. 
More detailed studies are required in the future to under-
stand this bipolar prognostic role of testosterone as patients 
experience disease progression from hormone-sensitive to 
castration-resistant disease states.

Theoretically, in patients with CRPC, persistent AR sign-
aling partially deferred by relatively higher androgen level, 
are most likely to benefit from ARTAs. In fact, Efstathiou 
et al demonstrated that pretreatment tumor nuclear AR over-
expression and CYP17 expression were associated with a 
worse sustained benefit of enzalutamide [34]. In a retrospec-
tive analysis of COU-AA-301, the median OS increased in 
a stepwise manner with increasing quartiles of pretreatment 
serum testosterone levels in patients with CRPC, irrespective 
of the administration of abiraterone acetate plus prednisone 
or prednisone alone [35]. Conversely, Shiota reported that 
AR signaling conferred therapeutic resistance to taxanes 
in vitro [36]. Furthermore, the author also found, based on 
clinical data, that higher pretreatment serum testosterone 
level in patients treated with taxane chemotherapy (ie. doc-
etaxel and cabazitaxel) could predict a worse survival prog-
nosis [10]. These findings and our meta-analysis suggest that 
serum testosterone levels, at the CRPC disease state, could 
not only be a prognostic factor for OS but also help iden-
tify which patients are likely to benefit from ARTAs versus 
taxane chemotherapies.

This study had several limitations. First, substantial het-
erogeneity was observed across the included studies. There-
fore, we performed subsequent subgroup analyses to explore 
its potential causes. When we performed the stratification 
analyses in the ARTAs subgroup, heterogeneity was non-
significant. Second, cut-off value for testosterone among the 
included studies was highly variable and not standardized. 
The most used cut-off value was the median value, but they 
varied among the included studies. Third, a possible con-
founding factor may have occurred as each study included 
different independent variables in the multivariable analysis. 
Fourth, in the included studies, only two mentioned the time 
when the blood samples were obtained. Since testosterone 
has diurnal variation, the measurement of serum testosterone 
is usually recommended between 7:00 and 11:00 a.m. maybe 
even in the late ADT cohorts [37]. Fifth, most of the data 
were retrospective, and there were many reports in which 
various treatment lines were mixed. Previous treatment may 
affect the response rate of next treatment. However, Saka-
moto et al reported that TST levels remained as predictors 

even among the factors that included the previous usage of 
chemotherapy [9]. Finally, no patient in the study population 
had received upfront docetaxel or ARTAs as initial therapy 
for hormone-sensitive metastatic PCa. Therefore, the role 
of serum testosterone levels remains unclear in the patients 
receiving this new standard treatment. Interestingly, two 
studies reported that testosterone levels were useful in pre-
dicting the effects of ARTAs after docetaxel, so testosterone 
levels may be useful in cases following upfront docetaxel 
[28, 29]. Further investigations are required to clarify the 
role of testosterone as predictive biomarker in these patients 
[38].

This meta-analysis demonstrates that serum testoster-
one levels, at focus of CRPC, are predictive of oncologic 
outcomes and OS. In subgroup analyses, lower testosterone 
levels remained a poor prognostic factor for OS in CRPC 
patients treated with ARTAs, but not in those treated with 
chemotherapy. Therefore, testosterone levels could be a use-
ful biomarker to identify a subgroup of patients who are 
likely to respond poorly to ARTAs in the CRPC setting. 
Validation through on diagnosis of data from well prospec-
tive trials could help establish solid evidence to include into 
guidelines and to fine true clinical decision making of ADT-
alone treated patients who become CR.
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