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Background: With the successful application of local therapy (L'T) of the primary tumor in other metastatic
disease and the demonstration of their better survival benefits, the traditionally seldom involved role of LT
for metastatic prostate cancer (mPCa) had gained a lot of interest. Hence, this meta-analysis was conducted
to clarify its efficacy in mPCa.

Methods: A comprehensive search of major databases (PubMed, EMBASE and Web of Science) was
conducted for eligible studies, up to May 2019. The pooled hazard ratio (HR) with 95% confidence interval
(CI) was utilized to evaluate the efficacy of LT for mPCa.

Results: A total of 12 eligible studies with 78,864 participants, containing 28 different comparisons were
ultimately enrolled in this article. Our results showed that LT involving radical prostatectomy (RP) or
radiation therapy (RT) for mPCa was related to enhanced overall survival (OS) (pooled HR =0.53, 95% CI:
0.47 to 0.61, I’=59.7%, P=0.015), decreased cancer-specific mortality (CSM) (pooled HR =0.42, 95% CI:
0.34 to 0.51, ’=63.1%, P=0.004) and lower all-cause mortality (ACM) (pooled HR =0.37, 95% CI: 0.31 to
0.45, ’=49.4%, P=0.115), compared with no local therapy (NLT). In subsequent stratified analysis, RP or
RT was respectively linked to longer OS (pooled HR =0.49, 95% CI: 0.44 to 0.54, I’=0.0%, P=0.741; pooled
HR =0.64, 95% CI: 0.56 to 0.72, ’=15.4%, P=0.306), lower CSM (pooled HR =0.37, 95% CI: 0.29 to 0.46,
I’=35.2%, P=0.187; pooled HR =0.51, 95% CI: 0.42 to0 0.63, I’'=27.0%, P=0.250) and decreased ACM (pooled
HR =0.31, 95% CI: 0.23 to 0.40, I’=56.4%, P=0.130; pooled HR =0.44, 95% CI: 0.34 to 0.56, I’=0.0%,
P=0.856), compared with NLT. In terms of RP vs. RT, RP was linked to a decreased CSM (pooled HR =0.59,
95% CI: 0.53 to 0.66, I'=0.0%, P=0.653).

Conclusions: In summary, our results shed light on the positive role of LT (RP or RT) for mPCa and
meanwhile its feasibility and survival benefits had been demonstrated. Moreover, when compared with RT,
RP showed its superiority in CSM. Upcoming prospective randomized controlled trials should be taken to

validate our findings.
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Introduction

Prostate cancer (PCa) is the second most frequent type of
malignancy among the male population worldwide, with
164,690 newly estimated cases and 29,430 newly estimated
deaths in the United States, 2018 (1). Due to the aging
population, it was foreseeable that the incidence of PCa
would substantially increase in the following years, which
could make it a huge health care problem in China (2).
Generally, the major interventions for men with clinically
localized PCa are radical prostatectomy (RP) and radiation
therapy (RT), and good outcomes have been verified (3,4).
However, in metastatic cases, the recommended therapy
by European Association of Urology (EAU) guidelines
was androgen deprivation therapy (ADT) with or without
chemotherapy (5). Recently, accumulating studies had
successfully confirmed the significant improvement of
survival benefit of treatment of the primary tumor in
metastatic cancers such as ovarian and renal cell carcinoma
(6,7), and in which two aspects of the role highlighted,
reducing the overall tumor burden and interrupting the
re-seeding of the primary tumor (8,9). Nowadays, the
traditionally seldom involved role of L'T in the treatment
of metastatic prostate cancer (mPCa) had gained a lot of
interest.

Metastases were responsible for most of the deaths
among cancer patients, whereas few effective treatments
could be available (10). Furthermore, the factors regulating
the development of metastases had not been fully elucidated.
The accumulating data had suggested that the definitive
treatment of the primary tumor could suppress systemic
disease progression and improve survival (11,12). Currently,
the treatment regimens for mPCa had advanced greatly and
patients could receive LT ( RP or RT) or no local therapy
(NLT) such as systemic therapies (ADT with or without
chemotherapy), based on a more comprehensive evaluation
of patient’s general condition and wishes, the extent of the
metastases, the treatment technique, the treatment response
and so on (13). However, optimal treatment for mPCa
remained a clinical dilemma.

Despite enthusiasm of LT for mPCa, previous studies
had not reached a clinical consensus. Hence, this meta-
analysis was conducted to shed light on the merits of such
an approach based on available data and meanwhile three
clinical outcomes such as OS, cancer-specific mortality
(CSM) and all-cause mortality (ACM) were calculated. The
results of ours were anticipated to provide some references
for clinical work.
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Methods
Search strategy

A comprehensive and systematic literature review was
performed by using multiple search engines (PubMed,
EMBASE, Web of Science) to identify eligible studies, up
to May 2019. The search strategy mainly consisted of two
parts (different treatments and mPCa), using the following
keywords in combination with Medical Subject Headings
(MeSH) terms and text words: “local therapy” or “L'T” or
“radical prostatectomy” or “cytoreductive prostatectomy”
or “RP” or “radiation therapy” or “radiotherapy” or “RT”
or “androgen-deprivation therapy” or “hormonal therapy”
or “chemohormonal therapy” or “ADT” or “metastatic
prostate neoplasms” or “metastatic prostate cancer” or
“metastatic neoplasms of the Prostate” or “metastatic
cancer of the Prostate” or “mPCa”. Additional studies were
identified manually by searching relevant reviews and the
reference list of original articles.

Inclusion and exclusion criteria

The Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) criteria were used for article
selection, which was performed by two investigators (14).
Articles enrolled in this study should meet the following
criteria: (I) titles were screened for manuscripts written in
the English language; (II) original studies comparing L'T" or
NLT for mPCa; (IIT) sufficient data should be available; (IV)
the clinical outcomes such as OS, ACM or CSM should be
involved at least one. Studies would be excluded if they met
the following criteria: (I) duplicates or reviews or letters or
case reports or comments or editorials; (II) unrelated to the
topic of this study; (III) lack of sufficient data.

Data extraction

Two independent reviewers (M Xiao and R Cong)
participated in the selection procedure of eligible studies,
according to the inclusion and exclusion criteria. The titles
of the articles were first reviewed to ascertain whether they
might potentially fit the inclusion criteria. After assessing
the abstracts, a more thorough subsequent assessment
was performed by looking at the full-text. Studies without
primary data (such as reviews, letters or commentaries) were
excluded but were examined to ensure that relevant citations
had been included. Disagreements between reviewers were
resolved by discussion and consensus with a third reviewer
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Table 1 Newcastle-Ottawa Quality Assessments Scale

Xiao et al. Local therapy for mPCa

Quality indicators from Newcastle-Ottawa Scale

Studies Year Scores
1 2 3 4 5 6 7 8
Robinson 2018 * - * * * * * * * 8
Parikh 2017 * - * * * * * * 8
Moschini 2017 - * * * * - * * 7
Sooriakumaran 2017 * * * * * % - * * 8
Leyh-Bannurah 2017 * - * * * % * * 8
Rusthoven 2016 * * * * * % * - - 7
L&ppenberg 2017 * * * * * * - * * 8
Satkunasivam 2015 * * * * * * - - - 6
Culp 2014 * * * * % - * - 6
Antwi 2014 * * * * * - - - 6
Shao 2014 * * * * * * - * * 8
Gratzke 2014 * * * * * * - - - 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.

(Q Zhang).

The extracted data elements were included as follows:
(I) the first author’s name and year of publication; (II) the
treatment and control arm; (III) study design and number
of patients; (IV) the clinical outcome (OS, CSM, ACM)
and corresponding hazard ratio (HR) with 95% confidence
intervals (Cls). If HRs and 95% ClIs were not directly given,
they were calculated based on the reported Kaplan-Meier
curve and the results were entered into a data extraction
sheet by previously described method and it had been
approved by all reviewers (15,16).

Quality assessment

This meta-analysis was strictly performed according to the
PRISMA statement and the level of evidence was rated
for each study included. The quality of each study was
determined using the Newcastle-Ottawa Scale (NOS) for
non-randomized controlled trials (RCTS) (http://www.ohri.
ca/programs/clinical_epidemiology/oxford.htm) (17). Its
detailed information were as follows: (I) representativeness
of the exposed cohort; (II) selection of the non-exposed
cohort; (III) ascertainment of exposure; (IV) outcome
of interest not present at start of study; (V) control for
important factor or additional factor; (VI) assessment of
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outcome; (VII) follow-up long enough for outcomes to
occur; (VIII) adequacy of follow up of cohorts. In addition,
the whole quality score was ranged between 0 and 9. A total
score of 5 or fewer stars was considered as low, 6-7 was
considered as intermediate, and 8-9 was regarded as high
quality. The detailed ranking of eligible studies enrolled in
this article was displayed in Table 1.

Statistical analysis

Data were extracted from eligible studies to shed light on
the effectiveness of LT for mPCa and it was presented in
the form of the HR with 95% CI. The random-effects
model (DerSimonian-Laird method) or the fixed-effects
model (Mantel-Haenszel method) was used for meta-
analysis according to the heterogeneity among the involved
studies (18). Moreover, the heterogeneity test for pooled
HRs was defined and quantified by Cochran Q test or
Higgins I’ statistic. If significant heterogeneity was observed
(P<0.10 or I’>50%), a random-effects model was utilized;
otherwise, the fixed-effects model was applied. Besides,
if significant heterogeneity existed, we would minimize
the influence of by classifying the enrolled studies into
subgroups. Meanwhile, sensitivity analysis was conducted
to access the stability of results by deleting one single study
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Figure 1 Flow diagram of the literature selection process.

each time to reflect the impact of the individual to overall.
Furthermore, publication bias was estimated by using
Egger’s linear regression test with a funnel plot (19). All P
values were calculated by a two-sided test, and a P value of
less than 0.05 was considered statistically significant. All
statistical analyses were conducted with Statal2 (StataCorp
LP, College Station, Texas, USA), and Microsoft Excel
(V.2007, Microsoft Corporation, Redmond, Washington,
USA).

Results
Characteristics of enrolled studies

A total of 1,123 eligible studies were identified from a
primary literature survey by searching online databases
PubMed, EMBASE, Web of Science and 971 remained
after removal of duplications. After assessment of the titles
and abstracts, 846 records were excluded because they were
reviews, letters, commentaries, non-English articles, did
not use human subjects, or were not relevant to the current
analysis. Of the remaining 125 studies under full-text
articles evaluation, 113 did not contain sufficient survival
data (HRs or survival curves), nor even one of the three
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clinical outcomes (OS, CSM or ACM). Finally, 12 studies
were considered to be eligible and enrolled in this meta-
analysis (12,20-30) (Figure 1).

Detailed information about all these 12 involved studies
with 78,864 participants was summarized in Tazble 2 and
they were all retrospective cohort study. Each ranking of
all these enrolled studies were presented in 7able 1, from
which we could easily find that the whole quality scores
were ranged between 6 and 8. In other words, it could be
regarded as intermediate-high quality. Furthermore, three
clinical outcomes (OS, CSM or ACM) were calculated

simultaneously.

OS associated with LT for mPCa

A total of five studies containing eight comparisons
contributed to the analysis of OS. The results revealed
a prognostic role of LT for mPCa on OS by random-
effects model based on moderate heterogeneity (P=0.015,
I’=59.7%). LT for mPCa was related to enhanced OS
(pooled HR =0.53, 95% CI: 0.47 to 0.61) (Figure 2A).
When classifying these enrolled studies into subgroups
based on treatment, the heterogeneity was further reduced.
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Meanwhile, RP or RT vs. NLT was respectively associated
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Figure 2 Forest plots of each included study. (A) Forest plots of overall survival (OS) in association with LT for mPCa (LT vs. NLT); (B)
forest plots of OS in the subgroup analysis (RP or RT wvs. NLT); (C) forest plots of cancer-specific mortality (CSM) in association with
LT for mPCa (LT vs. NLT); (D) forest plots of CSM in the subgroup analysis (RP or RT vs. NLT); (E) forest plots of CSM in association
with RP vs. RT; (F) forest plots of all-cause mortality (ACM) in association with LT for mPCa (LT vs. NLT); (G) forest plots of all-cause
mortality (ACM) in the subgroup analysis (RP or RT vs. NLT). LT, local therapy; NLT, no local therapy; RP, radical prostatectomy; RT,

radiation therapy; mPCa, metastatic prostate cancer.

of our results by means of deleting one single study each
time to reflect the impact of the individual to overall.
As indicated in Figure 3, no single study significantly
influenced the pooled HR or the 95% CI in the assessment
of sensitivity analysis of all three clinical endpoints (OS,
CSM or ACM). In other words, our results might be robust.

Publication bias

Publication bias was examined by Begg’s and Egger’s test
with a funnel plot. In the pooled analysis of OS, the P
value of Begg’s or Egger’s test was 0.711, 0.140 respectively
(Figure 44). In the same analysis of CSM associated with
LT for mPCa, the P value of Begg’s test was 0.592 and the P
value of Egger’ test was 0.530 (Figure 4B). In terms of CSM
associated with RP vs. RT, the P value of Begg’s test was
0.806 and the P value of Egger’s test was 0.904 (Figure 4C).
In the similar case of ACM, the P value of Begg’s or Egger’s
test was 0.734, 0.606 separately (Figure 4D). We could easily
find that all the P values were above 0.05, which indicated
that there was no significant bias in this meta-analysis.

Discussion

PCa is the second most commonly diagnosed malignancy

© Annals of Palliative Medicine. All rights reserved.

and the second leading cause of cancer-related death in the
United States of the male population. Since the application
of prostate-specific antigen (PSA) plus digital examination
of the rectum (DRE) in screening, more and more men
were found metastasis at initial diagnosis (31). Usually, in
the case of mPCa, ADT with or without chemotherapy
was currently the gold standard treatment, based on the
guidelines of the EAU and the National Comprehensive
Cancer Network (NCCN) (32). As for L'T, most urologists
reached a consensus that RP or RT were two effective
interventions for localized PCa (13). However, these
therapies were seldomly involved in the treatment of
mPCa. With the development of surgical techniques and
the survival benefit of LT in other metastatic disease such
as ovarian and renal cell carcinoma, whether it was equally
effective in the treatment of mPCa, had gained more
and more interest of urologists. This meta-analysis was
performed to shed light on its effectiveness in a broader
range.

As far as we were concerned, this was the largest meta-
analysis to demonstrate its prognostic role of LT in the
treatment of mPCa. Twelve eligible studies with 78,864
participants, containing 28 different comparisons were
ultimately enrolled in this article and three clinical outcomes
(OS, CSM and ACM) were calculated simultaneously.
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Figure 3 Sensitivity analysis of each included study. (A) OS associated with LT for mPCa; (B) CSM associated with LT for mPCa; (C) CSM
associated with RP vs. RT; (D) ACM associated with LT for mPCa. OS, overall survival; ' local therapy; mPCa, metastatic prostate cancer;

CSM, cancer-specific mortality; RP, radical prostatectomy; RT, radiation therapy; ACM, all-cause mortality.

Compared with NLT, LT (RP or RT) showed its definite
superiority in improving OS and cutting down CSM or
ACM. In addition, RP was related to a decreased CSM
when compared with RT.

Consistent with our results, Antwi et a/. demonstrated
that definitive LT (either RP or brachytherapy) of the
primary tumor could significantly improve survival in
men with mPCa (20). Culp ez /. drew the conclusion that
LT appeared to confer a survival benefit (12). Therein,
three aspects of the role highlighted, interrupting the re-
seeding of the primary tumor, increasing tumor response
to systemic chemotherapy or reducing the overall
tumor burden (33,34). Although, we had successfully
demonstrated the feasibility and survival benefit of LT for
mPCa in improving OS or decreasing CSM, ACM, not all
patients were suitable for it. Previous studies by Fossati
et al. and Wang er al. revealed that patients with a

© Annals of Palliative Medicine. All rights reserved.

relatively lower level of tumors and better general health
seemed to benefit the most (35,36). Moreover, in a short
period of time, no survival benefits have been observed for
patients treated with RP compared with patients treated
with androgen deprivation treatment (29).

There were also several advantages in our study.
As a powerful tool, meta-analysis could provide more
reliable results than a single study, especially in explaining
controversial conclusions (37). Hence, this article was
conducted to clarify the relationship between different
therapeutic regimens of mPCa in a larger range of the
population and it was strictly performed according to the
PRISMA statement. Meanwhile, the heterogeneity of
throughout this article was moderate to low and it could be
further minimized by stratified analysis. Furthermore, the
results of sensitivity analysis and publication bias indicated
the stability of our conclusions. Although several similar
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Figure 4 Begg’s funnel plots of the publication bias. (A) OS associated with LT for mPCa; (B) CSM associated with LT for mPCa; (C) CSM
associated with RP vs; RT; (D) ACM associated with LT for mPCa. OS, overall survival; LT, local therapy; mPCa, metastatic prostate cancer;

CSM, cancer-specific mortality; RP, radical prostatectomy; RT, radiation therapy; ACM, all-cause mortality.

meta-analyses already published (36,38,39), this study was
the largest meta-analysis to demonstrate its prognostic
role of LT in the treatment of mPCa and the first time to
analyze ACM associated with mPCa between RP, RT and
NLT.

As emphasized by Leyh-Bannurah ez /., risk stratification
is an important factor in the consideration of the
therapeutic effect of L'T. Clinical variables consisting of age,
race, marital status, biopsy Gleason score, clinical tumour,
nodes, and metastatic substages, were subsequently utilized
in a risk stratification scheme of <1 vs. >2 risk factors.
Leyh-Bannurah ez 4l. revealed that LT was less effective
in patients with >2 risk criteria compared with those with
<1 and meanwhile the CSM benefit was not observed in
patients with >2 risk criteria (30). Coupled with previous
research findings, the general conditions of patients and the
risk stratification before treatment were two major factors
affecting the therapeutic effects.

The mechanism by which LT plays in the treatment
of mPCa remained unknown, however, there are several
hypotheses. On the one hand, eradication of the primary
tumour eliminate the source of cytokine signalling which
is the predominant source of metastasis (40). On the

© Annals of Palliative Medicine. All rights reserved.

other hand, the primary tumour can act as the source
of circulating tumour cells which have the potential
of “self-seeding” of the primary tumour (8). Last but
not least, eradication of self-renewing progenitor cells
persisting after ADT, which leads to an immature luminal
and androgen receptor low phenotype, can propagate
adenocarcinoma (41).

To some extent, several limitations should be taken into
account before comprehensively understanding this article.
Firstly, although meta-analyses could be utilized as a robust
statistical tool, controversies related to its inherent nature
had been widely recognized. Secondly, all of the involved
studies were retrospective, which could not have the same
statistical power as RCTs. Thirdly, we did not take the
“surgical technique and operator” factor into account, and
we were unable to perform a subgroup analysis based on
surgical technique (such as laparoscopic vs. robotic vs. open)
and its relevant complications.

To sum up, the aim of treatment was to extend life
and to relieve symptoms while ensuring the best possible
quality of life. Our work had shed light on the feasibility
and the survival benefit of L'T" for mPCa and meanwhile RP
presented its superiority in comparison of RT. Meanwhile,
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several limitations should be taken into consideration
simultaneously, when fully understanding our results.

Conclusions

Taken together, our results suggested the positive role of
LT (RP or RT) for mPCa and we also shed light on the
survival benefits in terms of OS, CSM or ACM. Besides,
when comparing different treatments of LT, RP was linked
to a decrease CSM, in the comparison of RT. All these
aforementioned data were statistically different. Meanwhile,
the general conditions of patients and the risk stratification
before treatment were two major factors affecting the
therapeutic effects. Hopefully, our results could provide
some references for clinical work. Larger sample sizes with
more strictly RCTs were required to provide more high-

quality data.
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