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A B S T R A C T

Background: Although androgen deprivation therapy with or without chemotherapy are currently the mainstay
of therapy for metastatic prostate cancer, accumulating data suggested the survival benefits from definitive local
therapy such as radical prostatectomy or radiation therapy. Hence, this network meta-analysis was aimed to
provide a hierarchy of different therapeutic regimens for mPCa.
Methods: Relevant studies were retrieved comprehensively by searching the online databases of PubMed,
EMBASE and Web of Science, published before July 1st, 2018. With the help of R-3.4.0 software and “gemtc-
0.8.2” package, network meta-analysis was performed by random-effect model within a Bayesian framework.
Hazard ratios and corresponding 95% credible intervals were calculated by Markov chain Monte Carlo methods.
The surface under the cumulative ranking curve was also incorporated to rank the corresponding therapeutic
regimens.
Results: A total of 55,363 cases from 17 studies were ultimately involved in this study. Ten different therapeutic
regimens and three clinical endpoints were finally assessed. As illustrated by our results, local therapy (such as
radical prostatectomy or radiation therapy) could provide a relatively more favorable survival rate than sys-
tematic therapies (no local therapy, androgen deprivation therapy or androgen deprivation therapy + che-
motherapy). Meanwhile, in the comparison of radiation therapy, brachytherapy and intensity modulated ra-
diation therapy were among the best two therapies. Furthermore, radical prostatectomy had a relatively lower
cancer specific mortality or all-cause mortality than brachytherapy or intensity modulated radiation therapy, in
the comparison of local therapy, whereas brachytherapy showed a relatively longer overall survival than radical
prostatectomy.
Conclusions: Our results indicated that local therapy was better than no local therapy. In a comprehensive
comparison of three clinical endpoints (overall survival, cancer specific mortality or all-cause mortality), radical
prostatectomy had a relatively lower cancer specific mortality or all-cause mortality than radiation therapy,
whereas brachytherapy was superior to radical prostatectomy for overall survival.

1. Introduction

As the most common malignancy, prostate cancer (PCa) ranks the
second leading cause of cancer mortality among the male population,
with 164,690 newly estimated cases and 29,430 newly estimated
deaths in the United States, 2018 [1]. Although the proportion of pa-
tients with metastatic prostate cancer (mPCa) in the United States is
merely 3%, it carries a dismal 5-year survival rate of 29.3%, compared
with almost 100% 5-year survival for low-volume organ-confined

disease [2–4]. Currently, the standard therapy for mPCa was still an-
drogen deprivation therapy (ADT) with or without chemotherapy, but
its efficacy remained limited [5–7]. Along with the positive role of local
treatment (LT) in reducing mortality rates of other metastatic malig-
nancies [8–12], recent studies suggested that definitive LT such as ra-
dical prostatectomy (RP) or radiation therapy (RT) could also suppress
systemic disease progression and improve survival rates for mPCa
[13–16]. Faced with so many therapeutic regimens, both clinicians and
patients felt confused and the ideal therapeutic regimen remained to be
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completely identified.
Until now, treatment regimens for mPCa mainly included androgen

deprivation therapy (ADT) with or without chemotherapy (Chemo),
radical prostatectomy (RP), conformal radiation therapy (CRT), in-
tensity modulated radiation therapy (IMRT), brachytherapy (BT), ex-
ternal-beam radiation therapy (EBRT), no local therapy (NLT) and so on
[17,18]. As indicated by Carneiro et al. and our previous pairwise meta-
analysis, LT or RP could improve the survival benefit of mPCa. How-
ever, due to the absence of direct statistical analysis and limited evi-
dence, the direct comparison of RP and RT was seldom involved
[19,20]. As we knew, when direct comparisons were unavailable, the
existence of a Bayesian network meta-analysis could allow the in-
vestigators to overcome the limitation of traditional meta-analysis and
gain their efficiency or accuracy indirectly. Hence, we conducted a
Bayesian network meta-analysis to comprehensively evaluate the effi-
cacy of different therapeutic regimens for mPCa [21,22].

After selection based on inclusion and exclusion criteria, ten dif-
ferent eligible therapeutic regimens were ultimately enrolled in this
article. They were RP, BT, CRT, IMRT, EBRT, NLT, ADT, ADT + chemo,
RP or RT (RP/RT), BT or IMRT or CRT or EBRT (BT/IMRT/CRT/EBRT),
separately; and three clinical outcomes were finally analyzed: overall
survival (OS), cancer specific mortality (CSM) and all-cause mortality
(ACM). Hopefully, our results were anticipated to providing some evi-
dence for clinicians to develop the best strategy for mPCa patients.

2. Materials and methods

Ethical approval for this study was not applicable because it was a
review of existing literature and did not involve any handling of in-
dividual patient's data. Moreover, this work has been reported in line
with PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses), OQAQ (Overview Quality Assessment Questionnaire)
and AMSTAR (Assessing the methodological quality of systematic re-
views) Guidelines.

2.1. Search strategy

Eligible articles were identified from online databases of Pubmed,
Embase and Web of Science, published before July 1st, 2018. The
search strategy was mainly consisted of two parts (different treatment
regimens, and metastatic prostate cancer), using the following key-
words in combination with Medical Subject Headings (MeSH) terms
and text words: Androgen deprivation therapy (ADT), radical prosta-
tectomy (RP), chemotherapy (Chemo), radiation therapy (RT), con-
formal radiation therapy (CRT), intensity modulated radiation therapy
(IMRT), brachytherapy (BT), external-beam radiation therapy (EBRT),
no local therapy (NLT) and metastatic prostate cancer (mPCa). Two
reviewers individually performed initial research by screening titles and
abstracts of retrieved articles. Irrelevant articles were excluded and full
texts of involved articles were evaluated for inclusion. To minimize
article omissions, the reference lists of relevant studies were also
manually screened for additional publications. The study was registered
in the International Prospective Register of Systematic Reviews (PRO-
SPERO) under the code CRD42018093864.

2.2. Inclusion and exclusion criteria

Studies enrolled in this article should meet the following criteria: (1)
Subjects involved in the study were patients with metastatic prostate
cancer. (2) The comparison between different managements should be
at least two of previously mentioned regimens. (3) At least one of the
endpoints have to be included, such as overall survival (OS), all-cause
mortality (ACM) or cancer specific mortality (CSM). (4) Sufficient data
should be provided in the original studies. Studies would be excluded if
they met the following criteria: (1) The types of publication studies
were abstract, conference paper, or review; (2) The study cannot

provide sufficient and qualified data.

2.3. Data extraction

All relevant data of eligible studies was independently identified by
two investigators and controversial data would be reviewed by a third
investigator. Important information extracted from original articles
included the first author's name, year of publication, numbers of en-
rolled subjects, interventions, endpoints (OS, CSM and ACM), survival
data (hazard ratio, HR) and corresponding 95% confidence interval
(CI). When data could not be directly obtained from some articles, it
was extracted from Kaplan-Meier curves to extrapolate HRs with 95%
CIs by using previously described methods [23,24].

2.4. Quality assessment

As one of the most useful scale to evaluate the quality of non-ran-
domized studies, Newcastle-Ottawa Scale (NOS) (http://www.ohri.ca/
programs/clinical_epidemiology/oxford.htm) was applied to evaluate
the methodological quality assessment of eligible studies by two blind
reviewers [25]. The criteria of each quality assessment were displayed
as follows: (1) Representativeness of the exposed cohort; (2) Selection
of the non-exposed cohort; (3) Ascertainment of exposure; (4) Outcome
of interest not present at start of study; (5) Control for important factor
or additional factor; (6) Assessment of outcome; (7) Follow-up long
enough for outcomes to occur; (8) Adequacy of follow up of cohorts. If
one met the criteria, it would be awarded a star, except for the num-
bered 5 item which would be granted a maximum of two stars. The
whole quality scores were between 0 and 9 and if the final score> 6, it
was considered to be of high quality. Detailed rankings of each study
were presented in Table 1.

2.5. Statistical analysis

We conducted a pair-wise meta-analysis to combine studies ad-
dressing the same endpoint as well as the same treatments. Meanwhile,
HR with 95% CI was calculated. The Chi-square test and I-square test
were applied to assess the heterogeneity; If I2>50% or Chi-square test
P > 0.10, it was deemed to existing significant heterogeneity. For
groups without significant heterogeneity, fixed-effect model was

Table 1
Newcastle-Ottawa quality assessments scale.

Author Year Selection Comparability Exposure Scores

1 2 3 4 5 6 7 8

Leyh-Bannurah 2017 ★ ★ ★ ★ ★★ ★ ★ – 8
Moschini 2017 ★ ★ – ★ ★★ ★ ★ ★ 8
Sooriakumaran 2017 ★ – ★ ★ ★★ ★ ★ ★ 8
Rulach 2017 ★ – ★ ★ ★★ – ★ ★ 7
Parikh 2017 – ★ ★ ★ ★★ ★ ★ ★ 8
Sweeney 2016 ★ – ★ ★ ★★ ★ ★ ★ 8
Rusthoven 2016 ★ ★ – ★ ★★ ★ ★ – 7
Löppenberg 2016 – ★ ★ ★ ★★ ★ ★ – 7
Satkunasivam 2015 ★ ★ ★ ★ ★★ ★ – ★ 8
Culp 2014 ★ ★ – ★ ★★ ★ ★ ★ 8
Antwi 2014 – ★ ★ ★ ★★ ★ ★ – 7
Shao 2014 ★ ★ ★ ★ ★★ – ★ ★ 8
Gratzke 2014 – ★ ★ ★ ★★ ★ – – 6
Gravis 2013 ★ ★ ★ ★ ★★ – ★ ★ 8
Millikan 2008 – ★ – ★ ★★ ★ ★ ★ 7
Thompson 2002 ★ – ★ ★ ★★ ★ ★ – 6
Murphy 1983 ★ – ★ ★ ★★ – ★ – 6

1.Representativeness of the exposed cohort; 2.Selection of the non-exposed
cohort; 3.Ascertainment of exposure; 4.Outcome of interest not present at start
of study; 5.Control for important factor or additional factor; 6.Assessment of
outcome; 7.Follow-up long enough for outcomes to occur; 8.Adequacy of follow
up of cohorts.
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applied and HRs were calculated by the Mantel-Haenszel method;
otherwise, random-effect model and DerSimonian and Laird method
were applied. Sensitivity analyses were conducted by discarding in-
dividual studies sequentially to assess the influence of a single study on
the overall results. Publication bias was evaluated by Begg's and Egger's
test [26]. P values were adopted by a two-sided test and P < 0.05 was
considered to be statistically significant. In addition, all calculations
were performed by STATA 12.0 (Stata Corp, College Station, TX) soft-
ware.

In addition to pairwise meta-analysis making direct comparison
between two managements, a network meta-analysis concerning mul-
tiple managements was performed by random-effect model within a
Bayesian framework. HRs and corresponding 95% credible intervals
(CrIs) were calculated by Markov chain Monte Carlo methods with the
help of the 0.8.2 “gemtc” package of R software (version 3.4.0; R
Foundation, Vienna, Austria) [27]. This network analysis enabled the
incorporation of indirect comparisons constructed from two articles
that had one studied management in common. The method combined
both direct and indirect evidence for any given pair of managements
and certain endpoints. The function mtc.run was applied to generate
samples and we set 5,000 simulations for each chain as the “burn-in”
period, yielding 20,000 iterations to obtain the HR of model para-
meters, when three Markov chains run simultaneously. Meanwhile,
Brooks-Gelman-Rubin plots method, trace plot and density plot were
used to access the model convergence [28]. Besides, rank probabilities
would be calculated to obtain the hierarchy of each treatment and the
matrix as well as the plot of rank probabilities was provided by the
“gemtc” package simultaneously [29].

The consistency between direct and indirect comparisons were es-
timated by comparing the pooled HRs from the network meta-analysis
and HRs from pair-wise meta-analysis of direct comparisons. To assess
the consistency, the node-splitting method was used to calculate the
inconsistency of the model. The method separated the evidence

concerning certain comparison into direct and indirect evidence, and
the inconsistency was reported by its Bayesian P value, when a loop
connecting three arms existed [30]. Last but not least, the mtc.anohe
command of the “gemtc” package would be utilized to evaluate the
global heterogeneity, based on the bias of the magnitude of hetero-
geneity variance parameter I2.

3. Results

3.1. Search results and study characteristics

Based on previously described search strategy, the literature search
yielded 1,451 records and 324 citations were excluded because of re-
views, letters, case-reports, duplicates and so on, after screening the
tittles and abstracts. The full texts of the remaining 1,004 articles were
evaluated by the reviewers and 987 studies were excluded with reasons.
Finally, a total of 17 articles including 55,363 patients were enrolled
[14,18,31–45]. A flow diagram of the study selection process was dis-
played in Fig. 1.

The year of publication was ranged from 1983 to 2018. The quality
assessment of all these enrolled studies was evaluated by Newcastle-
Ottawa Scale (NOS) (http://www.ohri.ca/programs/clinical_
epidemiology/oxford.htm) and the detailed rankings of each study
were displayed in Table 1. We could easily find that they were all above
6. In other words, it was considered to be of high quality. In addition,
Subjects involved in this article included the following therapeutic re-
gimens: RP, BT, CRT, IMRT, EBRT, NLT, ADT, ADT + chemo, RP/RT,
BT/IMRT/CRT/EBRT. Amongst them, CRT, IMRT, BT and EBRT be-
longed to RT. RP and RT belonged to LT. Clinical endpoints included
OS, CSM or ACM. All of them were summarized in Table 2.

Fig. 1. The flow diagram of the literature selection process.
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3.2. Results from network meta-analysis

3.2.1. Network structure diagrams
The present article covered ten different therapeutic regimens, such

as RP, BT, CRT, IMRT, EBRT, NLT, ADT, ADT + chemo, RP/RT, BT/
IMRT/CRT/EBRT. Network structure diagrams were applied to display
the direct association between different treatment regimens and the
thicknesses of the lines were proportional to the number of compar-
isons, and the diameters of the circles were proportional to the number
of treatments included in this meta-analysis. All of these were presented
in Fig. 2.

3.2.2. OS associated with mPCa
A total of 11 studies containing 17 direct comparisons and eight

different treatments (RP, BT, CRT, IMRT, EBRT, NLT, ADT,
ADT + chemo) contributed to the analysis of OS for mPCa. The efficacy
of different treatments using HR and corresponding 95% CrIs was dis-
played in Fig. 3A and Supplement Figure 1. As indicated in the result,
compared with RP, NLT and ADT had a shorter OS (HR: 2.1, 95%CI
1.5–3.3; HR: 2.0, 95%CI 1.3–3.0, respectively). Similar results could be
observed in NLT or ADT vs BT (HR: 2.9, 95%CI 1.3–6.7; HR: 2.7 95%CI
1.0–7.2, separately). Besides, ADT was inferior to ADT + Chemo (HR:
1.5, 95%CI 1.1–2.2). Fig. 4A was a direct plot of rank probabilities,

from which we could easily find the ranking of each therapeutic regi-
mens. Fig. 5A was a cumulative rank plot with the surface under the
cumulative ranking curve (SUCRA) of each intervention and its detailed
values were presented in Table 3. Meanwhile, the higher the SUCRA
value, the higher possible ranking was that of the treatment. As in-
dicated by the results of rank probabilities and SUCRA, therapeutic
regimens for mPCa from best to worst were BT, RP, IMRT,
ADT + Chemo, EBRT, ADT, CRT and NLT respectively.

3.2.3. CSM associated with mPCa
Seven studies including 15 direct comparisons and seven different

treatments (RP, BT, CRT, IMRT, NLT, RP/RT, BT/IMRT/CRT/EBRT)
contributed to the analysis of CSM for mPCa. Managements were
compared with each other independently; HRs and corresponding
95%CIs were calculated. As shown in Fig. 3B and Supplement Figure 2,
compared with RP, BT or CRT or NLT or BT/IMRT/CRT/EBRT dis-
played a higher incidence rate of CSM (HR: 1.5, 95%CI 1.1–2.1; HR: 2.5
95%CI 1.5–4.0; HR: 2.9, 95%CI 2.3–3.6; HR: 1.8 95%CI 1.2–2.6, se-
parately). RP/RT showed its superiority, whereas NLT presented its
inferiority than BT (HR: 0.65, 95%CI 0.43–0.94; HR: 1.9 95%CI
1.4–2.4). RP/RT or IMRT was observed to have a significantly lower
rate of CSM than CRT (HR: 0.41, 95%CI 0.24–0.69; HR: 0.45 95%CI
0.22–0.93, respectively). Besides, RP/RT or BT/IMRT/CRT/EBRT had a

Table 2
Main characteristics of eligible studies included in the network meta-analysis.

Study Year Treatment Arm (N) Control Arm (N) Survival Analysis Endpoints HR LCI UCI Source of HR

Overall survival (OS)
Rulach 2017 ADT + Chemo(103) ADT(167) NA OS 0.17 0.076 0.4 reported
Parikh 2017 RP(419) NLT(4,183) Multivariable OS 0.51 0.45 0.59 reported

IMRT(40) NLT(4,183) Multivariable OS 0.47 0.31 0.72 reported
CRT(119) NLT(4,183) Multivariable OS 1.04 0.86 1.27 reported

Sweeney 2016 ADT + Chemo(397) ADT(393) NA OS 0.61 0.47 0.8 reported
Rusthoven 2016 RP(69) ADT(5,844) Multivariate OS 0.38 0.25 0.58 reported

EBRT(537) ADT(537) Multivariate OS 0.67 0.57 0.79 reported
Löppenberg 2016 RP(294) NLT(14,031) Multivariable OS 0.48 0.39 0.59 SC

BT(44) NLT(14,031) Multivariable OS 0.34 0.22 0.54 SC
EBRT(1132) NLT(14,031) Multivariable OS 0.64 0.55 0.74 SC

Satkunasivam 2015 RP(47) NLT(3,827) Multivariable OS 0.44 0.27 0.72 SC
Gratzke 2014 RP(74) ADT(635) Multivariable OS 0.48 0.35 0.68 SC

RP(74) EBRT(389) Multivariable OS 0.46 0.33 0.65 SC
Gravis 2013 ADT + Chemo(192) ADT (193) Multivariable OS 1.01 0.75 1.36 reported
Millikan 2008 ADT + Chemo(137) ADT(149) NA OS 0.87 0.63 1.2 SC
Thompson 2002 RP (148) ADT (919) Multivariable OS 0.77 0.57 1.05 reported
Murphy 1983 ADT + Chemo(77) ADT(83) NA OS 0.7 0.61 0.8 SC
Cancer specific mortality (CSM)
Leyh-Bannurah 2017 BT(161) NLT(644) Multivariable CSM 0.48 0.35 0.66 reported

RP(313) NLT(1,252) Multivariable CSM 0.35 0.26 0.46 reported
RP(161) BT(161) Multivariable CSM 0.59 0.35 0.99 reported
RP/RT(474) NLT(1,896) Multivariable CSM 0.40 0.32 0.5 reported

Moschini 2017 RP(31) ADT(16) Univariable CSM 0.53 0.17 1.69 reported
Sooriakumaran 2017 RP/RT(575) ADT(575) Multivariable CSM 0.29 0.21 0.39 reported
Satkunasivam 2015 RP(47) NLT(3,827) Multivariable CSM 0.48 0.27 0.85 reported

CRT(107) NLT(3,827) Multivariable CSM 0.85 0.64 1.14 reported
IMRT(88) NLT(3,827) Multivariable CSM 0.38 0.24 0.61 reported

Culp 2014 RP(245) NLT(7,811) Multivariate CSM 0.38 0.27 0.53 reported
BT(129) NLT(7,811) Multivariate CSM 0.68 0.49 0.93 reported

Antwi 2014 RP(222) NLT(7,516) Multivariate CSM 0.28 0.20 0.39 reported
BT(120) NLT(7,516) Multivariate CSM 0.46 0.33 0.64 reported

Shao 2014 RP(171) RT(171) Multivariable CSM 0.68 0.38 1.22 reported
RP(287) RT(287) Multivariable CSM 0.51 0.36 0.73 reported

All-cause mortality (ACM)
Löppenberg 2016 RP/RT(1,470) NLT(14,031) Multivariable ACM 0.61 0.56 0.66 reported
Satkunasivam 2015 RP(47) NLT(3,827) Multivariable ACM 0.43 0.26 0.72 reported

CRT(107) NLT(3,827) Multivariable ACM 0.90 0.70 1.14 reported
IMRT(88) NLT(3,827) Multivariable ACM 0.45 0.31 0.65 reported

Antwi 2014 RP(222) NLT(7,516) Multivariate ACM 0.27 0.20 0.38 reported
BT(120) NLT(7,516) Multivariate ACM 0.43 0.31 0.59 reported

ADT: androgen deprivation therapy; Chemo: chemotherapy; RP: radical prostatectomy; RT: radiation therapy; CRT: conformal radiation therapy; IMRT: intensity
modulated radiation therapy; BT: brachytherapy; EBRT: external-beam radiation therapy; NLT: no local therapy; NA: not available; SC: survival curves; HR: Hazard
ratios; LCI: lower confidential interval; UCI: upper confidential interval.
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lower rate of CSM than NLT significantly (HR: 0.35, 95%CI 0.25–0.47;
HR: 0.62 95%CI 0.40–0.97, separately). As indicated by the results of
rank probabilities as well as SUCRA, RP, RP/RT, IMRT, BT, BT/IMRT/
CRT/EBRT, CRT and NLT had an increasing tendency of CSM (Figs. 4B
and 5B, Table 3).

3.2.4. ACM associated with mPCa
Three articles including six direct comparisons and six different

treatments (RP, BT, CRT, IMRT, NLT, RP/RT) contributed to the ana-
lysis of CSM for mPCa. According to our result, subjects receiving NLT
have a significantly higher incidence rate of ACM than RP (HR: 3.0 95%
1.0–8.2). No other significant results were identified about ACM
(Fig. 3C; Supplement Figure 3). As indicated in the cumulative rank
probability and SUCRA, therapeutic regimens for mPCa from best to
worst were RP, BT, IMRT, RP/RT, CRT and NLT separately (Figs. 4C
and 5C, Table 3).

3.2.5. Node-splitting method
Node-splitting method and its relative Bayesian P value were uti-

lized to report the inconsistency of our results. When a loop connecting
three arms existed, the method separated the evidence concerning
certain comparison into direct and indirect evidence. Because of in-
consistent loop, no comparisons were made in ACM. As presented in
Fig. 6, we could easily find that all P values were above 0.05 and no

significant differences were observed between direct and indirect evi-
dence in CSM and OS group, indicating that our results were reliable.
Besides, as displayed in Supplement Table 1, it summarized the pooled
results and heterogeneity between different comparisons (Notably,
when two or more comparisons were available, it would be detailed in
this table).

4. Discussion

With the successful application of LT in the treatment of other
metastatic malignancies and the development of surgical technology,
accumulating researches had suggested that definitive LT (RP or RT)
could suppress systemic disease progression and improve survival
benefits of mPCa. Although the recommended therapy for mPCa was
ADT with or without chemotherapy, LT had gained more and more
interests. Faced with so many treatment options and the recognition of
over-diagnosis and over-treatment of PCa, both clinicians and patients
felt confused and the ideal therapeutic regimen remained to be com-
pletely identified. Hence, this network meta-analysis was conducted to
clarify this question and it was anticipated to providing some references
for clinical work.

This article systematically assessed the comparative efficacy of dif-
ferent therapeutic regimens for patients with mPCa. A total of 55,363
cases from 17 studies were ultimately involved in our study. As

Fig. 2. Network structure diagrams. (A) Overall Survival (OS); (B) Cancer Specific Mortality (CSM); (C) All-Cause Mortality (ACM).
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illustrated by the results, LT (such as RP or RT) could provide a rela-
tively more favorable survival rate than systematic therapies including
NLT, ADT or ADT + Chemo. Meanwhile, BT and IMRT were among the
best two therapies in the comparison of RT. Furthermore, RP had a
relatively lower CSM or ACM than BT or IMRT in the comparison of LT,
whereas BT showed a relatively longer OS than RP. All in all, RP, BT
and IMRT were considered to be more efficient in a comprehensive
comparison of three endpoints (OS, CSM or ACM).

As far as we know, this is the first and largest network meta-analysis
considering the comparative efficacy of both local and systematic
therapies in mPCa patients with a large scale of cases involved in the
analysis. As indicated by node-splitting method, there was little in-
consistency between direct and indirect evidence, suggesting relatively
reliable results provided by us. Vale et al. reported in their meta-ana-
lysis that the addition of chemotherapy into ADT could improve sur-
vival, which was also confirmed in our analysis [46]. It had also been
demonstrated by Botrel et al. and Ramos-Esquivel et al. [47,48]. There
was also a meta-analysis revealing that LT (RT or RP) could sig-
nificantly improve the OS in comparison with NLT [19]. In the same
way, Wang et al. noted that no matter how RP compared with NLT or
RT, it showed significant superiority in OS [20]. Above-mentioned re-
sults were in consistent with ours.

There was a network meta-analysis by Wu et al. comparing the ef-
ficacy of RT, endocrine therapy (ET) and RT + ET therapy for the
treatment of advanced/metastatic PCa [49]. They found that OS

achieved with RT or ET was shorter than obtained with RT + ET. The
ranking of ET concerning OS was estrogen therapy, luteinizing hor-
mone-releasing hormone agonist (LHRH-A), ADT, ADT + LHRH-A and
ET + LHRH-A. Unlike them, all subjects involved in our study were
patients with mPCa. We paid more attention to local therapies such as
RP and RT and the comparison between local and systematic therapies.

In addition to the positive impact on the survival, LT still had some
other benefits for mPCa. Due to progression of primary tumor, literature
data showed that more than one third of patients without LT would
present severe local complications including the number of hospitali-
zations, surgical procedures and consequently higher morbidity, wor-
sening the quality of life of PCa patients [50–52]. A case-control study
shed light on RP that lowered complication rates of urinary tract related
to the progression of the disease, while one third of patients in the
control group presented lower urinary tract obstruction, hematuria or
anemia [53]. In consideration of morbidity and sequelae of LT, its in-
dication was still limited in this scenario of no documented benefit.
However, with the development of technology, including robotic sur-
gery, and more precise modalities of radiotherapy, the morbidity was
being significantly reduced.

Notably, not all the patients could benefit from LT. Fossati et al. and
Loppenberg et al. clarified that the potential benefits of LT depended
greatly on baseline characteristics and patients with less aggressive
tumors and good general health [37,54]. As indicated by this, do not
rush to receive any treatment and a comprehensive assessment of their
own situation might be helpful for patients. As for clinicians, we should
make appropriate choices, based on the individual conditions of pa-
tients.

Nonetheless, several limitations should be mentioned in this study.
Firstly, since various protocols were applied by eligible studies, sig-
nificant heterogeneity might be elicited. Secondly, some variants such
as age, ethnicity, tumor grade and general health may mislead the re-
sults. Due to lack of original data, subgroup analysis was not carried
out. Further stratified analyses based on a larger set of samples were
recommended. Thirdly, management for mPCa compared in this article
was incomplete. For example, except ADT, other ET such as estrogen
therapy and LHRH-A weren't involved. Last but not least, some articles
enrolled in this network meta-analysis were retrospective cohort studies
and they could not have a clear impact on group baseline features as
RCTs did. Moreover, the retrospective cohort study and RCTs had a
different level of evidence, which could not provide the same statistical
power. Upcoming prospective RCTs were required to provide more
available data.

5. Conclusions

Taken together, our results shed light on LT (including RP or RT)
that could provide a relatively favorable survival rate, in comparison
with systematic therapies (such as NLT, ADT and ADT + Chemo). In a
comprehensive comparison of three clinical endpoints (OS, CSM or
ACM), RP had a relatively lower CSM or ACM than RT, whereas BT was
superior to RP for OS. In addition, RP, BT and IMRT were considered to
be more efficient. Hopefully, this article was anticipated to providing
some evidence for clinicians in the selection of appropriate treatments
for patients with mPCa. Subsequent prospective RCTs were required to
provide more high-quality data to elaborate our findings.
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Fig. 5. Cumulative rank plot with the surface under the cumulative ranking
curve (SUCRA) of each intervention for effective outcomes; (A) Overall Survival
(OS); (B) Cancer Specific Mortality (CSM); (C) All-Cause Mortality (ACM).

Table 3
The SUCRA probabilities of different therapeutic regimens for metastatic prostate cancer on clinical outcomes.

Intervention RP BT CRT IMRT EBRT ADT + Chemo NLT ADT

OS 60.02% 64.44% 17.04% 55.40% 36.84% 44.91% 16.02% 20.31%
Intervention RP BT CRT IMRT NLT RP/RT BT/IMRT/CRT/EBRT –
CSM 54.49% 33.35% 14.89% 48.75% 7.33% 53.94% 27.25% –
Intervention RP BT CRT IMRT NLT RP/RT – –
ACM 43.65% 37.47% 17.70% 36.15% 12.20% 27.82% – –

SUCRA: the value of surface under the cumulative ranking curve (The higher the SUCRA value was, the higher possible ranking of the treatment was.); ADT:
androgen deprivation therapy; Chemo: chemotherapy; RP: radical prostatectomy; RT: radiation therapy; CRT: conformal radiation therapy; IMRT: intensity
modulated radiation therapy; BT: brachytherapy; EBRT: external-beam radiation therapy; NLT: no local therapy; OS: Overall survival; CSM: Cancer specific mortality;
ACM: All-cause mortality.

Fig. 6. Node-splitting method in comparison between direct and indirect evi-
dence; (A) Overall Survival (OS); (B) Cancer Specific Mortality (CSM).
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ijsu.2019.04.006.
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