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CRPC, and a small number of prognostic models based on combined 
individual data from several RCTs available on Project Data Sphere12 
have been developed.13,14 However, only studies on docetaxel or 
mitoxantrone regimens were included because of the limitations of 
the dataset in their analyses. To the best of our knowledge, the OS of 
patients stratified by ECOG performance status or Gleason score has 
not been comprehensively investigated in CRPC, and the predictive or 
prognostic ability of these two markers has not been compared among 
different treatment regimens. Therefore, in this study, we performed a 
comprehensive literature-based analysis, including both clinical trials 
and real-world data (RWD), in CRPC patients under monotherapy 
to summarize the available evidence on the association of ECOG 
performance status and Gleason score with OS in patients with CRPC. 
We also compared the two markers in different treatment regimens 
and patient groups.

MATERIALS AND METHODS
Literature search
A systematic literature search of published articles on “docetaxel,” 
“cabazitaxel,” “abiraterone acetate,” “enzalutamide,” “sipuleucel-T,” 

INTRODUCTION
The incidence of prostate cancer is the highest among men in the United 
States,1 and it has shown the largest increase in China in recent years.2 
In general, the disease eventually progresses to castration-resistant 
prostate cancer (CRPC), during which stage most deaths occur. To 
date, six agents have been approved by the United States Food and 
Drug Administration (FDA) for the treatment of CRPC, including 
two taxane-based chemotherapy agents (docetaxel and cabazitaxel), 
two novel hormone therapies (abiraterone acetate and enzalutamide), 
sipuleucel-T immunotherapy, and the α-emitter radium-223.3

Eastern Cooperative Oncology Group (ECOG) performance status 
and Gleason score are two commonly used markers to evaluate the 
disease status of patients in urological oncology. Although their use as 
prognostic factors for overall survival (OS) in men with CRPC has been 
investigated in several studies,4–10 the results have been inconsistent, and 
the conclusions were mainly drawn based on observational data from 
a single institution. Furthermore, a few studies analyzing combined 
individual data from several random controlled trials (RCTs) have 
been reported. For example, Halabi et al.11 developed a prognostic 
model for predicting OS in first-line chemotherapy for patients with 
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and “radium-223” was conducted in the online PubMed database. 
Each agent was searched separately using the following combined 
search terms: name of intended drug (Title/Abstract), prostate cancer 
(Title/Abstract), and patient. The search of the database was initially 
conducted in March 2018 and last updated in May 2019. In addition, 
references in relevant reviews were manually screened for further 
inclusion.

Study selection and data extraction
Studies that reported the hazard ratio (HR) and the corresponding 95% 
confidence intervals (CI) of OS according to ECOG performance status 
(≥2 vs <2) and Gleason score (≥8 vs <8) were included. Both prospective 
RCTs and retrospective observational studies were considered. Reviews, 
case reports, editorials, preclinical studies, studies on combination 
therapies, non-English language articles, and studies without HRs 
of OS according to ECOG performance (≥2 vs <2) or Gleason score 
(≥8 vs <8) were excluded.

For each included study, the following information was extracted: 
(1) publication characteristics: title, authors, and publication year; 
(2) trial characteristics: study design, geographic location, sample 
size, intended treatment, and dose regimen; (3) patient population 
characteristics: subject type, demographics, background therapy, 
ECOG performance status, Gleason score, and others; and (4) HRs of 
OS according to the stratified criteria above.

Study assessments and data extraction were conducted 
independently by two reviewers (WJC and DMK). Disagreements 
were resolved by discussing with a third investigator (LL) to reach a 
final consensus.

Data synthesis
Because multivariate analyses adjust for confounding factors 
and selection bias, the results are more reliable.15 Only HRs from 
multivariate models were included in our main analysis. HRs from 
univariate analysis were analyzed for comparison. If the HR of the 
reverse comparison was reported, the data were transformed according 
to the method reported.16

Meta-analyses were performed using RevMan software (version 
5.3, Cochrane Collaboration, Oxford, UK). HRs and their 95% CIs were 
synthesized with fixed-effects or random-effects models, depending on 
the heterogeneity. Values of P < 0.10 or I2 > 50% indicated significant 
heterogeneity, and the random-effects model was used. Otherwise, a 
fixed-effects model was used. Publication bias was tested using Begg’s 
and Egger’s methods with R software (version 3.5.1, http://www.r-
project.org/).

Sensitivity analysis and comparison analysis
Sensitivity analyses were performed by excluding any single publication 
to evaluate the robustness of the findings. In addition, studies that 
reported reverse comparisons (i.e., HRs of OS according to ECOG 
performance status [<2 vs ≥2] and Gleason score [<8 vs ≥8]) were 
removed from the dataset to explore the results of the original studies. 
In addition, subgroup analyses stratified by the chemotherapy history 
of patients were performed. Furthermore, the HR of OS from the 
results of the univariate analysis was synthesized to compare with the 
synthesized HR based on multivariate analysis.

RESULTS
Characteristics of eligible studies
A total of 4892 studies were identified through electronic searches. 
The flow diagram for literature selection is shown in Figure 1. The 
34 studies selected for analysis included 9 abiraterone acetate, 4 

enzalutamide, 18 docetaxel, and 3 cabazitaxel studies. Sipuleucel-T 
and radium-223 were not included in our meta-analysis because there 
were no available studies that reported multivariate analyses. The 
total number of patients enrolled in the included studies was 8247, 
ranging from 30 to 1186 patients per study. Among the 34 studies, 15 
studies (16 articles)4–6,10,17–28 reported both univariate and multivariate 
analysis results, 629–34 reported multivariate HRs, and 137–9,35–44 reported 
univariate HRs only. Most of the studies (n = 28) had a retrospective 
design; 39,24,32 were clinical trials; and 3 study designs included named 
patient programs (NPP),35 compassionate-use programs (CUP),19,20 or 
expanded access programs.7 Further details on the study characteristics 
are presented in Table 1.

Impact of ECOG performance status on OS
Twenty-one studies4–6,10,17–25,27,29,32,33,35–38 evaluated the association 
between ECOG performance status and OS, of which 16 studies 
reported multivariate models and 18 studies included univariate HRs. 
The data synthesis of multivariate HRs of OS using a random-effects 
model is shown in Figure 2a. CRPC patients with a higher ECOG 
performance status (ECOG ≥2) showed a statistically significantly 
increased mortality risk (HR: 2.10, 95% CI: 1.68–2.62, P < 0.0001) than 
those with a lower ECOG performance status (ECOG <2). Patients 
who received taxane chemotherapy (docetaxel and cabazitaxel) and 
androgen-targeting therapy (abiraterone acetate and enzalutamide) 
did not show a statistically significant difference in the HR results 
(P = 0.57). A sensitivity analysis was performed in which any single 
study was excluded one by one. The results showed that the merged 
HRs for OS did not significantly change, indicating the robustness of 
the findings (Figure 2b).

After removing the studies that reported reversed comparisons 
(ECOG <2 vs ECOG ≥2), the synthesized HR was 2.03, with a 95% 
CI of 1.78–2.31. Subgroup analysis stratified by the chemotherapy 
history of patients indicated that there was no significant difference 
between chemotherapy-naïve patients (HR: 2.08, 95% CI: 1.48–2.92) 
and postchemotherapy patients (HR: 2.27, 95% CI: 1.44–3.58; 
Supplementary Figure 1). The HR synthesized by the univariate 
results was 2.25 (95% CI: 1.67–3.03), and no significant difference was 
found between taxane chemotherapy (HR: 2.06, 95% CI: 1.23–3.44) 
and androgen-targeting therapy (HR: 2.61, 95% CI: 2.18–3.13; 
Supplementary Figure 2), while the prognostic effect of ECOG 
performance status on postchemotherapy patients (HR: 3.26, 95% 

Figure 1: Flowchart of the study selection process in the meta-analysis. ECOG: 
Eastern Cooperative Oncology Group.
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CI: 2.45–4.34) was stronger than that on chemotherapy-naïve patients 
(HR: 2.13, 95% CI: 1.27–3.56; Supplementary Figure 3).

Impact of Gleason score on OS
OS grouped by Gleason score (≥8 or <8) was reported in 23 
studies,4,7–9,17,18,20,21,23,25,26,28,30,31,34–36,38–44 including 6 multivariate 

models and 20 univariate analyses. As shown in Figure 3a, the 
synthesized HR of OS based on multivariate studies was 1.01, with 
a 95% CI of 0.62–1.67 (Gleason ≥8 vs <8), indicating that Gleason 
score had no significant prognostic effect on OS based on the 
available data in our meta-analysis. In addition, when the studies 

Table 1: Characteristics of the included studies

Study Published 
year

Study type Patient 
population

Treatment Chemotherapy 
history

Number of 
patients included

Comparison (univariate) Comparison 
(multivariate)

Poon et al.4 2016 RWD Asian Abiraterone Chemo naïve 
(arm 1)

58 ECOG (≥2 vs <2)
Gleason score (≥8 vs <8)

ECOG (≥2 vs <2)

Post chemo 
(arm 2)

52 ECOG (≥2 vs <2)
Gleason score (≥8 vs <8)

Gleason score (≥8 vs <8)

Fröbe et al.35 2016 NPP Caucasian Abiraterone Post chemo 30 ECOG (≥2 vs <2)
Gleason score (≥8 vs <8)

Azad et al.29 2015 RWD Caucasian Abiraterone Unknown 519 ECOG (2 vs <2)

Mikah et al.18 2016 RWD Caucasian Abiraterone Unknown 84 ECOG (2 vs <2)
Gleason score (≥8 vs <8)

ECOG (≥2 vs <2)

Van Praet et al.5 2017 RWD Caucasian Abiraterone Post chemo 368 ECOG (≥2 vs <2) ECOG (≥2 vs <2)

Fizazi et al.9 2016 RCT Caucasian Abiraterone Chemo naïve 488 Gleason score (≥8 vs <8)

Post chemo 698 Gleason score (≥8 vs <8)

Yasui et al.30 2018 RWD Asian Abiraterone Unknown 972 Gleason score (≥8 vs <8)

Lin et al.36 2019 RWD Asian Abiraterone Unknown 146 ECOG (≥2 vs <2)
Gleason score (≥8 vs <8)

Zhao et al.17 2018 RWD Asian Abiraterone Chemo naïve 87 ECOG (≥2 vs <2)
Gleason score (≥8 vs <8)

ECOG (≥2 vs <2)

Conteduca 
et al.19,20

2016 CUP and RWD Caucasian Enzalutamide Post chemo 193 ECOG (≥2 vs <2) ECOG (≥2 vs <2)

Choi et al.10 2018 RWD Asian Enzalutamide Chemo naïve 113 ECOG (≥2 vs <2) ECOG (≥2 vs <2)

Poon et al.37 2018 RWD Asian Enzalutamide Unknown 117 ECOG (≥2 vs <2)

Beardo et al.38 2019 RWD Caucasian Enzalutamide Chemo naïve 70 Gleason score (<8 vs ≥8)

Miyake et al.21 2018 RWD Asian Docetaxel Chemo naïve 114 ECOG (<2 vs ≥2)
Gleason score (<8 vs ≥8)

ECOG (<2 vs ≥2)

Song et al.31 2016 RWD Asian Docetaxel Unknown 71 Gleason score (≥8 vs <8)

Kongsted et al.22 2017 RWD Caucasian Docetaxel Chemo naïve 292 ECOG (<2 vs ≥2) ECOG (<2 vs ≥2)

Shigeta et al.23 2016 RWD Asian Docetaxel Chemo naïve 
(arm 1)

106 ECOG (≥2 vs <2)
Gleason score (≥8 vs <8)

Chemo naïve 
(arm 2)

108 ECOG (≥2 vs <2)
Gleason score (≥8 vs <8)

ECOG (≥2 vs <2)

Yao et al.39 2015 RWD Asian Docetaxel Unknown 57 Gleason score (<8 vs ≥8)

Narita et al.40 2016 Phase
II

Asian Docetaxel Unknown 120 Gleason score (≥8 vs <8)

Caffo et al.41 2015 RWD Caucasian Docetaxel Unknown 134 Gleason score (<8 vs ≥8)

Poon et al.42 2015 RWD Asian Docetaxel Unknown 57 ECOG (<2 vs 2)
Gleason score (<8 vs ≥8)

Italiano et al.6 2009 RWD Caucasian Docetaxel Chemo naïve 175 ECOG (≥2 vs <2) ECOG (≥2 vs <2)

de Morrée et al.24 2017 RCT Global Docetaxel Chemo naïve 1058 ECOG (≥2 vs <2) ECOG (≥2 vs <2)

Quinn et al.32 2013 RCT Caucasian Docetaxel Chemo naïve 994 ECOG (≥2 vs <2)

Kita et al.33 2013 RWD Asian Docetaxel Unknown 57 ECOG (≥2 vs <2)

Nakano et al.25 2012 RWD Asian Docetaxel Post chemo 61 ECOG (2 vs <2)
Gleason score (≥8 vs <8)

ECOG (2 vs <2)

Azad et al.43 2014 RWD Caucasian Docetaxel Unknown 86 ECOG (<2 vs ≥2)
Gleason score (<8 vs ≥8)

Yamashita et al.8 2016 RWD Asian Docetaxel Post chemo 79 Gleason score (≥8 vs <8)

Cho et al.26 2014 RWD Asian Docetaxel Unknown 94 Gleason score (<8 vs ≥8) Gleason score (<8 vs ≥8)

Templeton et al.44 2013 RWD Caucasian Docetaxel Unknown 285 Gleason score (<8 vs ≥8)

Howard et al.34 2008 RWD Caucasian Docetaxel Unknown 113 Gleason score (<8 vs ≥8)

Miyake et al.27 2017 RWD Asian Cabazitaxel Post chemo 63 ECOG (<2 vs ≥2) ECOG (<2 vs ≥2)

Buonerba et al.7 2013 Expanded access 
program

Caucasian Cabazitaxel Post chemo 47 Gleason score (≥8 vs <8)

Buonerba et al.28 2017 RWD Caucasian Cabazitaxel Post chemo 81 Gleason score (≥8 vs <8) Gleason score (≥8 vs <8)

RWD: real-world data; RCT: random controlled trial; NPP: named patient program; CUP: compassionate-use program; Chemo naïve: chemotherapy naïve; Post chemo: post chemotherapy; 
ECOG: Eastern Cooperative Oncology Group
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of reversed comparisons were removed (only four studies left), 
the synthesized HR was 1.07 (95% CI: 0.54–2.15). The HR of OS 
(Gleason ≥8 vs <8) in patients administered taxane chemotherapy 
(HR: 0.85, 95% CI: 0.50–1.44) was lower than that in patients who 
received androgen-targeting therapy (HR: 1.65, 95% CI: 0.56–4.80), 
as shown in Figure 3a, but this result was not statistically significant. 
The results of sensitivity analyses showed that the CIs of HRs 
all included 1 when any single study was excluded (Figure 3b). 
Subgroup analysis (multivariate studies) for chemotherapy history 
was not performed because there was no study conducted on 
chemotherapy-naïve patients.

The HRs synthesized by univariate results were 1.08 
(95% CI: 0.92–1.27), 0.98 (95% CI: 0.76–1.26), and 1.19 (95% 
CI: 1.04–1.37) for the total patients, taxane chemotherapy 
group, and androgen-targeting therapy group, respectively 
(Supplementary Figure 4). For patients on androgen-targeting therapy, 
the mortality risk for the Gleason ≥8 group was slightly higher than 
that for the Gleason <8 group (HR: 1.19, 95% CI: 1.04–1.37), while the 
mortality risk of the two groups showed no significant difference in 
patients administered taxane chemotherapy. Grouped by chemotherapy 
history, there was no significant difference among chemotherapy-naïve 

patients, postchemotherapy patients, and others (part of patients’ 
postchemotherapy or unknown; Supplementary Figure 5).

Publication bias
In studies that reported multivariate HRs of OS stratified by 
ECOG performance status, the funnel plot appeared asymmetrical 
(Figure 4a). The results of Egger’s and Begg’s tests indicated no presence 
of publication bias for the included studies (P = 0.902 for Egger’s 
test; P = 0.964 for Begg’s test). Similarly, for studies that reported the 
relationship between Gleason score and OS, there was no obvious 
publication bias indicated by the funnel plot (Figure 4b), Egger’s test 
(P = 0.834), or Begg’s test (P = 0.719).

DISCUSSION
ECOG performance status is a known prognostic factor in oncology, 
but studies evaluating its use as a predictive factor for mortality have 
shown inconsistent results for all cancer patients. For example, patients 
with an ECOG score of 0 were associated with better OS according to 
multivariate analyses of five clinical trials investigating 5-fluorouracil-
based treatments for metastatic colorectal cancer,45 whereas the OS 
difference between ECOG = 0 and ECOG = 1–2 cancer patients treated 
with immune checkpoint inhibitors was not significant.46 For patients 

Figure 2: The synthesized hazard ratios of OS according to ECOG performance status (≥2 vs <2) (based on multivariate results). (a) Forest plots. (b) Results 
of sensitivity analysis; the study on the left Y axis was excluded by turn. OS: overall survival; ECOG: Eastern Cooperative Oncology Group; HR: hazard ratio; 
CI: confidence interval; df: degree of freedom.

ba

Figure 3: The synthesized hazard ratios of OS according to Gleason score (≥8 vs <8) (based on multivariate results). (a) Forest plots. (b) Results of sensitivity 
analysis; the study on the left Y axis was excluded by turn. OS: overall survival; HR: hazard ratio; CI: confidence interval; df: degree of freedom.

ba
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with CRPC, many developed prognostic models include ECOG as a 
significant factor.47 In this meta-analysis, the synthesized HR from 
both multivariate and univariate results was significantly >1 (ECOG 
≥2 vs <2), demonstrating the potential predictive value of ECOG for 
OS in patients with CRPC.

Historically, Gleason score has been used as a standardized risk 
assessment for biochemical recurrence, development of metastases, 
and OS in men with localized noncastrate prostate cancer.48 Fizazi 
et al.9 assessed the predictive value of Gleason score (<8 or ≥8) 
in two abiraterone regulatory Phase III trials (COU-AA-301 and 
COU-AA-302) and concluded that the Gleason scores of the original 
diagnostic sample may have weak prognostic value in CRPC. Consistent 
with the finding from individual data in large RCTs, Gleason score was 
not demonstrated as a significant prognostic factor for OS from the 
results of our meta-analysis. In addition, this was indicated by the small 
number of included studies. In five studies with univariate analyses of 
both ECOG performance status and Gleason score,17,18,21,23,25 no study 
identified Gleason score as a significant prognostic factor in the further 
multivariate analyses, while ECOG performance status was included 
in all the five multivariate models. However, this does not necessarily 
indicate that Gleason score is of no prognostic value for OS in CRPC. 
The weak correlation between Gleason score and OS is probably due to 

limited valid information. Gleason score is frequently evaluated using 
initial prostatectomy biopsy specimens, and thus most studies included 
did not consider histologic variants at the time of CRPC. In addition, 
confounding correlations between Gleason score and other factors 
may contribute to the weak prognostic value of Gleason score for OS.

We selected multivariate HRs in our main analysis because 
multivariate HRs are less likely to lead to false-positive results compared 
with univariate HRs because they are adjusted for confounding factors 
and selection bias. For reference, we also performed meta-analyses 
using univariate HRs. To our interest, we noticed that although the 
exact figure of merged HRs was different between multivariate and 
univariate results, the values of merged HRs were close, and the 
conclusions drawn from the results were consistent.

In recent years, several systemic therapies for CRPC (docetaxel, 
abiraterone acetate, and enzalutamide) have demonstrated efficacy 
and tolerability in men with hormone-sensitive prostate cancer 
(HSPC). Several prognostic and predictive factors have been 
proposed in CRPC, whereas less information is available for HSPC. 
With respect to docetaxel chemotherapy, a secondary analysis of the 
CHAARTED study identified Gleason score as a significant factor in 
a multivariate Cox regression model with an HR of 0.654 and 95% 
CI of 0.457–0.936 (Gleason <8 vs ≥8).49 However, in a RWD-based 
analysis, Gleason scores >7 showed a weak prognostic value for OS 
(HR: 1.13, 95% CI: 0.48–2.7, P = 0.78) in patients with castration-
sensitive prostate cancer (CSPC).50 We did not synthesize the HRs 
of OS because there were no enough studies available. In addition, 
a retrospective analysis of 106 de novo metastatic HSPC patients 
performed by Iacovelli et al.51 demonstrated that ECOG statuses ≥1 
were a prognostic variable associated with poor OS. The survival 
results of four recent Phase 3 RCTs for abiraterone and enzalutamide 
(LATITUDE,52 STAMPEDE,53 ARCHES,54 and ENZAMET55) have 
been reported. The LATITUDE study classified high-risk disease 
based on the presence of at least two criteria in addition to visceral 
metastases, including the number of bone lesions ≥3 or Gleason score 
≥8,52 indicating that Gleason score ≥8 is a high-risk factor for patients 
with HSPC. However, no prognostic or predictive model based on 
the four RCTs has been reported to date. Therefore, whether ECOG 
performance status and Gleason score can predict OS in patients 
with HSPC requires further investigation.

The power of a meta-analysis comes from integrating data from 
different studies. Most meta-analyses only include RCTs, whereas the 
database in our study included both clinical trials and retrospective 
studies. On the one hand, the HR of OS stratified by ECOG performance 
status or Gleason score was only available in the study of abiraterone9 
among Phase III studies. On the other hand, there has been a growing 
interest in applying RWD to medical decisions and the development 
of new drugs,56–58 and it is of great significance to use reliable research 
methods to analyze RWD and supplement the information obtained 
from RCTs.59 Therefore, incorporation of RWD into our database may 
be more comprehensive and representative for clinical practice.

However, there were some limitations to our study. A potential 
bias of this study may be publication related. During the process of 
literature selection, studies that reported other grouped criteria of 
ECOG performance status and Gleason score, such as ECOG = 0 and 
ECOG ≥139,60–62 or Gleason score ≥7 and Gleason score <7,5,63–65 were 
not included because of the limited number of studies. Thus, valuable 
information may have been excluded. In addition, because studies with 
positive results were potentially more likely to be published than work 
with negative results, studies in which ECOG performance status or 
Gleason score was insignificant in multivariate analyses would have 

Figure 4: Funnel plots for publication bias (multivariate studies). (a) ECOG 
performance status, (b) Gleason score. ECOG: Eastern Cooperative Oncology 
Group; HR: hazard ratio.

b

a
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been excluded, which may lead to an overrepresentation of positive 
studies. This is a limitation commonly shared by meta-analyses.

CONCLUSION
The prognostic value of ECOG performance status and Gleason score 
in the survival of CRPC has not been comprehensively evaluated. Our 
meta-analysis demonstrated that patients with an ECOG performance 
status >1 had a significantly higher mortality risk than those with 
lower ECOG performance status, while Gleason score may have weak 
prognostic value (nonsignificant) for OS. Subgroup analyses showed 
that there were no significant differences in merged HRs for different 
treatment regimens or patients with different chemotherapy histories.

AUTHOR CONTRIBUTIONS
WJC and LL conceived the study. WJC and DMK reviewed the 
literature, collected the data, and performed the analysis. WJC drafted 
the manuscript. All authors read and approved the final manuscript.

COMPETING INTERESTS
All authors declared no competing interests.

Supplementary Information is linked to the online version of the paper on 
the Asian Journal of Andrology website.

REFERENCES
1 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin 2020; 

70: 7–30.
2 Feng RM, Zong YN, Cao SM, Xu RH. Current cancer situation in China: good or bad 

news from the 2018 Global Cancer Statistics? Cancer Commun (Lond) 2019; 39: 22.
3 D’Amico AV. US Food and Drug Administration approval of drugs for the treatment 

of prostate cancer: a new era has begun. J Clin Oncol 2014; 32: 362–4.
4 Poon DM, Chan K, Lee SH, Chan TW, Sze H, et al. Abiraterone acetate in metastatic 

castration-resistant prostate cancer - the unanticipated real-world clinical experience. 
BMC Urol 2016; 16: 12.

5 Van Praet C, Rottey S, Van Hende F, Pelgrims G, Demey W, et al. Which factors predict 
overall survival in patients with metastatic castration-resistant prostate cancer treated 
with abiraterone acetate post-docetaxel? Clin Genitourin Cancer 2017; 15: 502–8.

6 Italiano A, Ortholan C, Oudard S, Pouessel D, Gravis G, et al. Docetaxel-based 
chemotherapy in elderly patients (age 75 and older) with castration-resistant prostate 
cancer. Eur Urol 2009; 55: 1368–75.

7 Buonerba C, Pond GR, Sonpavde G, Federico P, Rescigno P, et al. Potential value 
of Gleason score in predicting the benefit of cabazitaxel in metastatic castration-
resistant prostate cancer. Future Oncol 2013; 9: 889–97.

8 Yamashita S, Kohjimoto Y, Iguchi T, Koike H, Kusumoto H, et al. Prognostic factors 
and risk stratification in patients with castration-resistant prostate cancer receiving 
docetaxel-based chemotherapy. BMC Urol 2016; 16: 13.

9 Fizazi K, Flaig TW, Stockle M, Scher HI, de Bono JS, et al. Does Gleason score 
at initial diagnosis predict efficacy of abiraterone acetate therapy in patients with 
metastatic castration-resistant prostate cancer? An analysis of abiraterone acetate 
phase III trials. Ann Oncol 2016; 27: 699–705.

10 Choi SY, Ryu J, You D, Jeong IG, Hong JH, et al. Prognostic factors of oncologic 
outcomes in metastatic chemotherapy-naive castration-resistant prostate cancer 
treated with enzalutamide in actual clinical practice in East Asia. Urol Oncol 2018; 
36: 401.e11–8.

11 Halabi S, Lin CY, Kelly WK, Fizazi KS, Moul JW, et al. Updated prognostic model 
for predicting overall survival in first-line chemotherapy for patients with metastatic 
castration-resistant prostate cancer. J Clin Oncol 2014; 32: 671–7.

12 Project Data Sphere. [online database]. Available from: https://www.projectdatasphere.
org/projectdatasphere/html/home. [Last accessed on Jun 30 2020].

13 Guinney J, Wang T, Laajala TD, Winner KK, Bare JC, et al. Prediction of overall survival 
for patients with metastatic castration-resistant prostate cancer: development of a 
prognostic model through a crowdsourced challenge with open clinical trial data. 
Lancet Oncol 2017; 18: 132–42.

14 Pitcher B, Khoja L, Hamilton RJ, Abdallah K, Pintilie M, et al. Assessment of a 
prognostic model, PSA metrics and toxicities in metastatic castrate resistant prostate 
cancer using data from Project Data Sphere (PDS). PLoS One 2017; 12: e0170544.

15 Guo J, Fang J, Huang X, Liu Y, Yuan Y, et al. Prognostic role of neutrophil to 
lymphocyte ratio and platelet to lymphocyte ratio in prostate cancer: a meta-analysis 
of results from multivariate analysis. Int J Surg 2018; 60: 216–23.

16 Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for 
incorporating summary time-to-event data into meta-analysis. Trials 2007; 8: 16.

17 Zhao JG, Liu JD, Shen PF, Tang X, Sun GX, et al. Prior switching to a second-line 

nonsteroidal antiandrogen does not impact the therapeutic efficacy of abiraterone 
acetate in patients with metastatic castration-resistant prostate cancer: a real-world 
retrospective study. Asian J Androl 2018; 20: 545–50.

18 Mikah P, Krabbe LM, Eminaga O, Herrmann E, Papavassilis P, et al. Dynamic changes 
of alkaline phosphatase are strongly associated with PSA-decline and predict best 
clinical benefit earlier than PSA-changes under therapy with abiraterone acetate in 
bone metastatic castration resistant prostate cancer. BMC Cancer 2016; 16: 214.

19 Conteduca V, Crabb SJ, Scarpi E, Hanna C, Maines F, et al. Association between 
early PSA increase and clinical outcome in patients treated with enzalutamide for 
metastatic castration resistant prostate cancer. Mol Diagn Ther 2016; 20: 255–63.

20 Conteduca V, Crabb SJ, Jones RJ, Caffo O, Elliott T, et al. Persistent neutrophil to 
lymphocyte ratio >3 during treatment with enzalutamide and clinical outcome in 
patients with castration-resistant prostate cancer. PLoS One 2016; 11: e0158952.

21 Miyake H, Matsushita Y, Tamura K, Motoyama D, Ito T, et al. No significant impact of 
response to prior androgen receptor-axis-targeted agents on the efficacy of subsequent 
docetaxel in patients with metastatic castration-resistant prostate cancer. Int J Clin 
Oncol 2018; 23: 576-83.

22 Kongsted P, Svane IM, Lindberg H, Sengeløv L. Clinical impact of the number 
of treatment cycles in first-line docetaxel for patients with metastatic castration-
resistant prostate cancer. Clin Genitourin Cancer 2017; 15: e281–7.

23 Shigeta K, Kosaka T, Kitano S, Yasumizu Y, Miyazaki Y, et al. High absolute monocyte 
count predicts poor clinical outcome in patients with castration-resistant prostate 
cancer treated with docetaxel chemotherapy. Ann Surg Oncol 2016; 23: 4115–22.

24 de Morrée ES, Vogelzang NJ, Petrylak DP, Budnik N, Wiechno PJ, et al. Association 
of survival benefit with docetaxel in prostate cancer and total number of cycles 
administered: a post hoc analysis of the Mainsail study. JAMA Oncol 2017; 3: 68–75.

25 Nakano K, Ohta S, Komatsu K, Kubo T, Nukui A, et al. Docetaxel with or without 
estramustine for estramustine refractory castration-resistant prostate cancer: a single 
institution experience. BMC Urol 2012; 12: 3.

26 Cho IC, Joung JY, Seo HK, Chung J, Park WS, et al. Treatment outcome of docetaxel 
plus prednisolone for metastatic castration-resistant prostate cancer in Korea. J 
Cancer Res Ther 2014; 10: 251–7.

27 Miyake H, Sugiyama T, Aki R, Matsushita Y, Tamura K, et al. No significant impact 
of prior treatment profile with docetaxel on the efficacy of cabazitaxel in Japanese 
patients with metastatic castration-resistant prostate cancer. Med Oncol 2017; 
34: 141.

28 Buonerba C, Sonpavde G, Vitrone F, Bosso D, Puglia L, et al. The influence of 
prednisone on the efficacy of cabazitaxel in men with metastatic castration-resistant 
prostate cancer. J Cancer 2017; 8: 2663–8.

29 Azad AA, Eigl BJ, Leibowitz-Amit R, Lester R, Kollmannsberger C, et al. Outcomes 
with abiraterone acetate in metastatic castration-resistant prostate cancer patients 
who have poor performance status. Eur Urol 2015; 67: 441–7.

30 Yasui M, Hasegawa Y, Kawahara T, Kumano Y, Miyoshi Y, et al. Baseline neutrophil-
to-lymphocyte ratio predicts the prognosis of castration-resistant prostate cancer 
treated with abiraterone acetate. Mol Clin Oncol 2018; 8: 592–4.

31 Song W, Kwon GY, Kim JH, Lim JE, Jeon HG, et al. Immunohistochemical staining 
of ERG and SOX9 as potential biomarkers of docetaxel response in patients with 
metastatic castration-resistant prostate cancer. Oncotarget 2016; 7: 83735–43.

32 Quinn DI, Tangen CM, Hussain M, Lara PN Jr, Goldkorn A, et al. Docetaxel and 
atrasentan versus docetaxel and placebo for men with advanced castration-resistant 
prostate cancer (SWOG S0421): a randomised phase 3 trial. Lancet Oncol 2013; 
14: 893–900.

33 Kita Y, Shimizu Y, Inoue T, Kamba T, Yoshimura K, et al. Reduced-dose docetaxel 
for castration-resistant prostate cancer has no inferior impact on overall survival in 
Japanese patients. Int J Clin Oncol 2013; 18: 718–23.

34 Howard DN, Chambers C, Cusano F. Efficacy vs. effectiveness – docetaxel and 
prednisone in hormone refractory prostate cancer. J Oncol Pharm Pract 2008; 
14: 45–9.

35 Fröbe A, Murgić J, Rauh S. Single institution long-term efficacy and safety analysis 
of abiraterone acetate (AA) in the treatment of patients with metastatic castration-
resistant prostate cancer (mCRPC) in a named patient programme (NPP). ESMO 
Open 2016; 1: e000049.

36 Lin GW, Li GX, Dai B, Ye DW, Kong YY, et al. Clinical activity of abiraterone plus 
prednisone in docetaxel-naomicronve and docetaxel-resistant Chinese patients 
with metastatic castration-resistant prostate cancer. Asian J Androl 2019; 21: 
131–6.

37 Poon DMC, Wong KCW, Chan TW, Law K, Chan K, et al. Survival outcomes, prostate-
specific antigen response, and tolerance in first and later lines of enzalutamide 
treatment for metastatic castration-resistant prostate cancer: a real-world experience 
in Hong Kong. Clin Genitourin Cancer 2018; 16: 402–12.e1.

38 Beardo P, Osman I, San Jose B, Llarena R, Congregado B, et al. Safety and outcomes 
of new generation hormone-therapy in elderly chemotherapy-naive metastatic 
castration-resistant prostate cancer patients in the real world. Arch Gerontol Geriatr 
2019; 82: 179–85.

39 Yao A, Sejima T, Iwamoto H, Masago T, Morizane S, et al. High neutrophil-to-
lymphocyte ratio predicts poor clinical outcome in patients with castration-resistant 
prostate cancer treated with docetaxel chemotherapy. Int J Urol 2015; 22: 827–33.



Asian Journal of Andrology 

Prognostic value of ECOG and Gleason score in CRPC 
WJ Chen et al

169

40 Narita S, Koie T, Yamada S, Orikasa K, Matsuo S, et al. A prospective multicenter 
study of intermittent chemotherapy with docetaxel and prednisolone for castration-
resistant prostate cancer. Jpn J Clin Oncol 2016; 46: 547–53.

41 Caffo O, Ortega C, Di Lorenzo G, Sava T, De Giorgi U, et al. Clinical outcomes in a 
contemporary series of “young” patients with castration-resistant prostate cancer 
who were 60 years and younger. Urol Oncol 2015; 33: 265.e15–21.

42 Poon DM, Ng J, Chan K. Importance of cycles of chemotherapy and postdocetaxel 
novel therapies in metastatic castration-resistant prostate cancer. Prostate Int 
2015; 3: 51–5.

43 Azad AA, Leibowitz-Amit R, Eigl BJ, Lester R, Wells JC, et al. A retrospective, 
Canadian multi-center study examining the impact of prior response to abiraterone 
acetate on efficacy of docetaxel in metastatic castration-resistant prostate cancer. 
Prostate 2014; 74: 1544–50.

44 Templeton AJ, Vera-Badillo FE, Wang L, Attalla M, De Gouveia P, et al. Translating 
clinical trials to clinical practice: outcomes of men with metastatic castration 
resistant prostate cancer treated with docetaxel and prednisone in and out of clinical 
trials. Ann Oncol 2013; 24: 2972–7.

45 Abdel-Rahman O. ECOG performance score 0 versus 1: impact on efficacy and safety 
of first-line 5-FU-based chemotherapy among patients with metastatic colorectal 
cancer included in five randomized trials. Int J Colorectal Dis 2019; 34: 2143–50.

46 Bersanelli M, Brighenti M, Buti S, Barni S, Petrelli F. Patient performance status 
and cancer immunotherapy efficacy: a meta-analysis. Med Oncol 2018; 35: 132.

47 Pinart M, Kunath F, Lieb V, Tsaur I, Wullich B, et al. Prognostic models for predicting 
overall survival in metastatic castration-resistant prostate cancer: a systematic review. 
World J Urol 2020; 38: 613–35.

48 Jayaram A, Attard G. Diagnostic Gleason score and castration-resistant prostate 
cancer. Ann Oncol 2016; 27: 962–4.

49 Abdel-Rahman O, Cheung WY. Impact of prior local treatment on the outcomes of 
metastatic hormone-sensitive prostate cancer: secondary analysis of a randomized 
controlled trial. Clin Genitourin Cancer 2018; 16: 466–72.

50 Lavoie JM, Zou K, Khalaf D, Eigl BJ, Kollmannsberger CK, et al. Clinical effectiveness 
of docetaxel for castration-sensitive prostate cancer in a real-world population-based 
analysis. Prostate 2019; 79: 281–7.

51 Iacovelli R, Ciccarese C, Mosillo C, Bimbatti D, Fantinel E, et al. Comparison between 
prognostic classifications in de novo metastatic hormone sensitive prostate cancer. 
Target Oncol 2018; 13: 649–55.

52 Fizazi K, Tran N, Fein L, Matsubara N, Rodriguez-Antolin A, et al. Abiraterone acetate 
plus prednisone in patients with newly diagnosed high-risk metastatic castration-
sensitive prostate cancer (LATITUDE): final overall survival analysis of a randomised, 
double-blind, phase 3 trial. Lancet Oncol 2019; 20: 686–700.

53 James ND, de Bono JS, Spears MR, Clarke NW, Mason MD, et al. Abiraterone for 
prostate cancer not previously treated with hormone therapy. N Engl J Med 2017; 
377: 338–51.

54 Armstrong AJ, Szmulewitz RZ, Petrylak DP, Holzbeierlein J, Villers A, et al. ARCHES: 
a randomized, phase III study of androgen deprivation therapy with enzalutamide 

or placebo in men with metastatic hormone-sensitive prostate cancer. J Clin Oncol 
2019; 37: 2974–86.

55 Davis ID, Martin AJ, Stockler MR, Begbie S, Chi KN, et al. Enzalutamide with standard 
first-line therapy in metastatic prostate cancer. N Engl J Med 2019; 381: 121–31.

56 Oyinlola JO, Campbell J, Kousoulis AA. Is real world evidence influencing practice? 
A systematic review of CPRD research in NICE guidances. BMC Health Serv Res 
2016; 16: 299.

57 Bate A, Juniper J, Lawton AM, Thwaites RM. Designing and incorporating a real 
world data approach to international drug development and use: what the UK offers. 
Drug Discov Today 2016; 21: 400–5.

58 Liu Q, Ramamoorthy A, Huang SM. Real-world data and clinical pharmacology: a 
regulatory science perspective. Clin Pharmacol Ther 2019; 106: 67–71.

59 Sherman RE, Anderson SA, Dal Pan GJ, Gray GW, Gross T, et al. Real-world evidence 
- what is it and what can it tell us? N Engl J Med 2016; 375: 2293–7.

60 Terada N, Kamoto T, Tsukino H, Mukai S, Akamatsu S, et al. The efficacy and toxicity 
of cabazitaxel for treatment of docetaxel-resistant prostate cancer correlating with 
the initial doses in Japanese patients. BMC Cancer 2019; 19: 156.

61 Fukuta F, Kitamura H, Yanase M, Taguchi K, Takahashi A, et al. Efficacy and safety 
of docetaxel and prednisolone for castration-resistant prostate cancer: a multi-
institutional retrospective study in Japan. Jpn J Clin Oncol 2015; 45: 682–7.

62 Maines F, Caffo O, Donner D, Sperduti I, Bria E, et al. Serial 18F-choline-PET 
imaging in patients receiving enzalutamide for metastatic castration-resistant 
prostate cancer: response assessment and imaging biomarkers. Future Oncol 
2016; 12: 333–42.

63 Farnebo J, Wadelius A, Sandstrom P, Nilsson S, Jacobsson H, et al. Progression-free 
and overall survival in metastatic castration-resistant prostate cancer treated with 
abiraterone acetate can be predicted with serial C11-acetate PET/CT. Medicine 
(Baltimore) 2016; 95: e4308.

64 Ito K, Kimura T, Onuma H, Tabata R, Shimomura T, et al. Does docetaxel prolong 
survival of patients with non-metastatic castration-resistant prostate cancer? Prostate 
2018; 78: 498–505.

65 Park JC, Pratz CF, Tesfaye A, Brodsky RA, Antonarakis ES. The effect of therapeutic 
anticoagulation on overall survival in men receiving first-line docetaxel chemotherapy 
for metastatic castration-resistant prostate cancer. Clin Genitourin Cancer 2015; 
13: 32–8.

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work non-commercially, as long 
as appropriate credit is given and the new creations are licensed under the identical 
terms.

©The Author(s)(2020)



Supplementary Figure 1: Hazard ratios of OS according to ECOG performance 
status (≥2 vs <2) in patients with different chemotherapy history (based on 
multivariate results). OS: overall survival; ECOG: Eastern Cooperative Oncology 
Group; CI: confidence interval.

Supplementary Figure 2: Forest plots of hazard ratios of OS according to ECOG 
performance status (≥2 vs <2) (based on univariate results). OS: overall 
survival; ECOG: Eastern Cooperative Oncology Group; CI: confidence interval.

Supplementary Figure 3: Hazard ratios of OS according to ECOG performance 
status (≥2 vs <2) in patients with different chemotherapy history (based on 
univariate results). OS: overall survival; ECOG: Eastern Cooperative Oncology 
Group; CI: confidence interval.

Supplementary Figure 4: Forest plots of hazard ratios of OS according to 
Gleason score (≥8 vs <8) (based on univariate results). OS: overall survival; 
CI: confidence interval.

Supplementary Figure 5: Hazard ratios of OS according to Gleason score (≥8 
vs <8) in patients with different chemotherapy history (based on univariate 
results). OS: overall survival; CI: confidence interval.




