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Abstract

Background: Cytoreductive radical prostatectomy (RP), transurethral resection of the prostate, and radiation therapy @
the main local treatments for oligometastatic prostate cancer (PCa). An optimal local treatment for metastases PCa was not
consensus. The purpose of this study was to evaluate the effect on these local treatments for patients with metastases PCa.

Methods: All relevant studies were systematically searched through PubMed, Web of Science through November 1, 2021.
Studies were screened by inclusion and exclusion criteria. Progression-free survival (PFS), cancer-specific survival (CSS), and
overall survival (OS) were evaluated by this meta-analysis.

Results: Eleven studies were identified that met the inclusion criteria. 644 patients received cytoreductive surgery, 8556 patients
received no surgery or radiation therapy (RT), and 461 patients received RP + androgen deprivation therapy compared with 746
patients who received RT. Pooled data indicated that cytoreductive surgery significantly prolonged the PFS (OR = 0.65, 95% CI
0.53-0.80, P < .0001), CSS and OS (OR = 0.49, 95% Cl 0.43-0.56, P < .00001; and OR = 0.80, 95% CI 0.72-0.88, P < .00001;
respectively). Comparing cytoreductive surgery with RT, CSS, and OS were similar (OR = 0.82, 95% Cl 0.67-1.01, P = .06; and
OR =0.93, 95% CI 0.79-1.09, P = .39; respectively).

Conclusions: Cytoreductive radical prostatectomy significantly prolonged the PFS for metastatic PCa. Although OS was
considered a-not-so significant difference between cytoreductive surgery and non-local therapy, non-local treatment was not
recommended.

Abbreviations: ADT = androgen deprivation therapy, CSS = cancer-specific survival, mHSPC = metastatic hormone-sensitive
prostate cancer, OR = odds ratio, OS = overall survival, PCa = prostate cancer, PFS = progression-free survival, RP = radical

prostatectomy, SEER = Surveillance Epidemiology and End Results, TURP = transurethral resection of the prostate.
Keywords: cytoreductive surgery, meta-analysis, metastases, prostate cancer, radiation

1. Introduction

It was estimated 248,530 new cases and 34,130 deaths of
prostate cancer (PCa) in the USA in 2021,!' Approximately
1.3 million new cases are diagnosed worldwide every year,
and about 10 million men are presently living with prostate
cancer. Approximately 700,000 of these are living with met-
astatic disease, and metastatic prostate cancer accounts for
more than 400,000 deaths annually.?! Localized prostate
cancer contained within the prostate gland was considered
to be curable by radical prostatectomy, radiation therapy,
etc.’l whereas epidural, pelvic lymph node, and bone met-
astatic prostate cancer were currently incurable and conse-
quence of poor outcomes.*! Despite significant advances in
systemic therapies, survival for men with metastatic prostate
cancer has not significantly improved over the past 20 years.!
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Since it was prompted by Culp et al that local treatment in
patients with metastatic PCa was associated with a survival
benefit compared with no local treatment,'® local treatment
was gradually applied in oligometastatic PCa which was typ-
ically defined as prostate cancer with three to five metastatic
lesions.I”! The role of local treatments including cytoreductive
radical prostatectomy and radiation therapy were extensively
researched in recent years; however, optimal local treatment
for metastases especially oligometastatic prostate cancer was
not consensus.*#!

Cytoreductive radical prostatectomy, transurethral resection
of the prostate (TURP), and radiation therapy were the main
local treatments for oligometastatic PCa. In 2012, Chinese
clinicians investigated the oncologic influence of TURP as a
cytoreductive surgery in metastatic hormone-sensitive prostate
cancer (mHSPC), and results showed TURP obtained a better
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and more prolonged response to hormone therapy in mHSPC,
with a trend toward positive influence in disease-specific sur-
vival and overall survival.”’ Two years later, Antwi and Culp
separately evaluated the survival of men diagnosed with mPCa
based on Surveillance Epidemiology and End Results (SEER)
(2004-2010). Similar results were found that RP or brachyther-
apy appeared to confer a survival benefit.[>'”) However, pro-
spective data could not show a significant benefit of RP on
survival,' whereas, other data showed radiotherapy brings
important benefits in overall treatment efficacy without major
side effects.'!' Thus, we performed this meta-analysis to
compare the survival benefit of TURP, RP, and radiotherapy.
Therefore, subgroup analysis was also performed according to
the lesions number and study type.

2. Materials and Methods
2.1. Search strategy

This meta-analysis was performed by searching PubMed and
Web of Science through November 1, 2021. Additional records
were identified through other sources (by screening the ref-
erence in the identified studies). Searches included the terms
“metastatic prostate cancer” and “survival.” The citations in
the retrieved articles were reviewed to identify other potentially
relevant studies.

2.2. Inclusion and exclusion criteria

Two researchers independently extracted the data, and an agree-
ment was reached after discussion when divergences appeared.
Studies that met the following criteria were included in this
meta-analysis: all patients were pathologically diagnosed with
prostate cancer; computed tomography, magnetic resonance
imaging, or other examinations indicated cancer metastases;
comparison between RP and radiotherapy, or no local treat-
ment; and sufficient survival data were available to analysis.
Major exclusion criteria were: single-arm research or no com-
parison; incomplete data for the analysis; books, meta-analysis,
reviews, conference abstracts, case report, letters to editors/com-
mentaries/editorials, and articles published in a language that
cannot be translated; and duplicate data (these were removed
and only the updated data were selected).

2.3. Data extraction

Author, publication year, the patient number for cytoreductive
surgery or control group, type of study, cancer-specific survival,
overall survival, follow-up time, and lesion number were col-
lected from the included publication. The status of oligometa-
static PCa was defined by the following standard: presence of
five or few metastatic bone lesions, without visceral metastases
by imaging diagnosis.

2.4. Statistical analysis

The statistical analysis was performed by using Review
Manager Software (version 5.4) and STATA 12 (Stata Corp.,
College Station, TX). For dichotomous variables, the Mantel
Haenszel method will be used for analyses. Relative risk with
95% confidence intervals will be reported for effect size. For
continuous variables, the inverse variance method will be used
for analyses and treatment effect will be reported as mean dif-
ference with 95% confidence intervals. Odds ratio (OR) with
95% confidence interval (CI) were analyzed, and the weighted
mean difference with 95% CI was calculated. The heterogene-
ity in the studies was evaluated using I? statistics (value ranged
from 0 to 100%). I? value > 50% was considered indicative
of substantial heterogeneity that is due to real differences in
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protocols, trial populations, interventions, and/or outcomes.
Cochran Q test P value < .05 indicates that the heterogeneity
is beyond chance or random error. The random-effect model
will be used if I? value > 50%. Funnel plots were drawn to
estimate publication bias. P < .05 was defined as statistically
significant.

3. Results

3.1. The characteristic of included studies

A total of 1117 records were identified through datasets; after
excluding records according to the inclusion and exclusion crite-
ria, 11 researches were included in this meta-analysis (Fig. 1).1-
79124181 Of these researches, one compared TURP + ADT with
ADT alone,” the other ten compared RP + ADT with non-local
therapy,®~7'>81 and three compared radical prostatectomy with
RT.5%121 Tn total, 644 patients received cytoreductive surgery,
8556 patients received no surgery or radiation therapy, and 461
patients received RP + ADT were compared with 746 patients
received RT. It was noted that only four studies were prospec-
tive trials, and five studies evaluated oligometastatic prostate
cancer (Table 1).

3.2. Outcomes of cytoreductive surgery versus non-local
therapy

We defined RP and TURP as cytoreductive surgery, non-lo-
cal therapy included non-surgery or radiation, ADT alone,
and systemic therapy. Seven studies including 250 patients
who received cytoreductive surgery and 404 patients who
received non-local therapy evaluated the progression-free sur-
vival (PFS),l7-%13:1416-181 and pooled data indicated that cytore-
ductive surgery significantly prolonged the PFS (OR = 0.65,
95% CI 0.53-0.80, P <.0001, Fig. 2A). Similar results were
found for cancer-specific survival (CSS) and overall survival
(OS) (OR=0.49, 95% CI 0.43-0.56, P <.00001, Fig. 2B;
and OR =0.80, 95% CI 0.72-0.88, P <.00001, Fig. 2C;
respectively).

3.3. Subgroup analysis

Subgroup analysis was performed according to the type of trial
and lesion number. Pooled data indicated OS was no significant
difference between cytoreductive surgery and non-local therapy
in prospective studies (OR = 1.40, 95% CI 0.91-2.15, P = .12,
Fig. 3A). Pooled data for retrospective studies indicated OS ben-
efit for cytoreductive surgery (OR =0.77, 95% CI 0.70-0.86,
P <.0001, Fig. 3B). Three studies assessed the OS of oligometa-
static PCa,/”'>13 and pooled data showed cytoreductive surgery
did not significantly affect the OS (OR =1.33, 95% CI 0.87-
2.02, P =.19, Fig. 4).

3.4. Outcomes of cytoreductive surgery versus RT

Comparing cytoreductive surgery with RT, CSS, and OS were
similar between the two group (OR =0.82, 95% CI 0.67-1.01,
P =.06, Fig. 5A; and OR =0.93, 95% CI 0.79-1.09, P = .39,
Fig. 5B; respectively).

3.5. Sensitivity analysis and publication bias analysis

In sensitivity analysis, we access the stability of the result by
deleting one single study each time to reflect the impact of the
individual overall. For OS, after deleting the literature one by
one, we found that the results were affected by one study.l®
Finally, we assessed publication bias using funnel plots. We did
not identify any evidence of publication bias for Egger’s test
(P =.764) and Begg’s test (P = .810; Fig. 6).
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Figure 1. Flow diagram of the details of the study.
Table 1
The characteristics of included studies.
Cytoreductive surgery Control group
Study Country Year Surgery type  No. of patients  Treatment No. of patients  Type of study  Follow-up (mo) Lesions number
Qin China 2012 TURP 39 ADT 107 Retrospective 15 NA
Culp USA 2014 RP 245 NSR 7811 Retrospective 16 NA
Culp USA 2014 RP 245 129 Retrospective 16 NA
Steuber European 2017 RP 43 NSR 40 Prospective 32.7 and 82.2 <3
Sheng China 2017 RP 23 ADT 26 Retrospective 41 and 37 1-10+
Patel* USA 2018 RP 75 NSR 283 Retrospective 14.9 NA
Patel* USA 2018 RP 75 268 Retrospective 14.9 NA
Jang China 2018 RP 38 NSR 41 Retrospective 40 <5
Sow Senegal 2019 RP or TURP 45 ADT 57 Prospective 16 1-2+
Simforoosh Iran 2019 RP 26 NSR 23 Prospective 19.5 <5and >5
Lan China 2019 RP 35 ADT 76 Retrospective 35 <5
Si China 2021 RP 27 ADT 57 Retrospective 68.4 <5
Lumen Belgium 2021 RP 48 NSR 35 Prospective 32 <3
Lumen Belgium 2021 RP 48 26 Prospective 32 <3

ADT = androgen deprivation therapy, NSR = no surgery or radiation, RP = radical prostatectomy, RT = radiation therapy, TURP = transurethral resection of the prostate.

*Metastatic castration-resistant prostate cancer.

4. Discussion

Our meta-analysis indicated that PFS, CSS, and OS were benefit-
ing from cytoreductive surgery (Fig. 2); however, OS was no sig-
nificant difference between cytoreductive surgery and non-local
therapy in prospective studies and oligometastatic PCa patients
(Figs. 3A and 4). Although several meta-analyses comparing the

cytoreductive radical prostatectomy versus systemic therapy and
radiation therapy in metastatic prostate cancer,>*2% several
improvements could be made. First, duplicated data existed in
the previous meta-analysis Results from the Local Treatment of
Metastatic Prostate Cancer were reported in two studies,'>*!! and
data from SEER program were reported in three studies.!®!%!]
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Figure 2. Forest plot OR for PFS (A), CSS (B), and OS (C) of cytoreductive surgery compared to non-local therapy. Cl = confidence interval, CSS = cancer-spe-
cific survival, OR = odds ratio, OS = overall survival, PFS = progression-free survival.
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Figure 3. Forest plot OR for OS of cytoreductive surgery compared to non-local therapy in prospective (A) and retrospective (B) studies. Cl = confidence

interval, OR = odds ratio, OS = overall survival.

Only latest and complete data were included in our meta-anal-
ysis. Second, many studies were retrospective trials previously,
the value would be weakening than prospective studies, and sub-
group analysis would be more convincing. Third, several studies
were published in recent years, but were not included in the pre-
vious meta-analyses.'>”'61 Thus, we performed this meta-analysis
to comprehensively evaluate the local treatment methods and
figure out optimal local treatment for metastases prostate cancer.

Our results and previous study indicated oligometastatic rep-
resents a clinical state of metastatic disease that is limited in the
number of metastatic sites and extent of disease.””! Another reason
may be that ADT had been the only evidenced treatment option
prolonging outcomes for metastatic PCa; however, various new
systemic treatment options may improve prognosis.”’l A recent
population-matched study indicated palliative TURP could reduce
OS and CSS compared to non-surgical group for metastatic PCa



Peng and Huang e Medicine (2022) 101:38

www.md-journal.com

Experimental Control

—Study or Subgroup _ Events Total Events Total  O-E  Varlance Weight Exp[(O-E)/V].Fixed. 95%Cl ______ Expl(Q-E) (V]

Lumen 2021 41 48 2 35 -5.7134054 4.48826352 20.5%
Si 2021 21 27 43 57 -0.9506296 4.3622449 20.0%
Steuber 2017 10 43 33 40 12.83 13 59.5%
Total (95% CI) 118 132 100.0%
Total events T2 98

Heterogeneity: Chi? = 18.40, df = 2 (P =0.0001); /* = 89%
Test for overall effect: Z = 1.32 (P = 0.19)

Peto Odds ratio Peto Odds ratio

[ —

0.28 [0.11, 0.71]
0.80 [0.31, 2.06]
268 (1.56, 4.62)

S —

-
1 0 100

Favours [control]

1.33[0.87, 2.02]

0.01 0.1
Favours [experimental]

Figure 4. Forest plot OR for OS of cytoreductive surgery compared to non-local therapy in oligometastatic PCa. Cl = confidence interval, OR = odds ratio,

OS = overall survival, PCa = prostate cancer.

Control

Peto Odds ratio Peto Odds ratio

Study or Qroup 3 nts ota )} iance Weigh xed Y xpl(0-} /] xed, 9
Culp 2014 160 245 B4 120 -7.28717381 24.62856387 27.3% 0.74 [0.50, 1.10]
Lumen 2021 41 48 23 26 0.15870148 206210154 23% 1.08[0.28, 4.23]
Patel 2018 13 75 33 288 -10.73 6368 705% 0.84 [0.66, 1.08)
Total (95% ClI) 368 423 100.0% 0.82 [0.67, 1.01]
Total events 214 140
Heterogeneity: Chi* = 0.45, df = 2 (P = 0.80); ' = 0% ' v . ‘ !
B 0.01 01 1 10 100
Test for overall effect: Z = 1.88 (P = 0.06) Favours [expenmental] Favours [control]
B Experimental Control Peto Odds ratio Peto Odds ratio
dy © baroup T olg 3 aria pl(O {1 Fixed, 95% pl(O-] 1. _Fixed. 8
Culp 2014 160 245 84 129 0.11 8287 55 1.00 (0.81, 1.24) .
Lumen 2021 41 48 23 26 0.15870148 2.06210154  1.4% 1.08 [0.28, 4.23)
Patel 2018 13 75 33 268 -10.73 6368 428% 0.84 [0.66, 1.08) ﬁ
Total (95% Cl) 368 423 100.0% 0.93 [0.79, 1.09)
Total evenls 214 140

Heterogenaity: Chi* = 1.08, df = 2 (P = 0.58); ' = 0%
Test for overall effect: Z = 0.86 (P = 0.39)

0.01 0.1 1 10 100
Favours [experimental] Favours [control]
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Figure 6. Begg’s test for OS of cytoreductive surgery compared to non-local
therapy. OS = overall survival.

patients with bladder outlet obstruction.3! It was a retrospective
study that included patients in the SEER database. The evidence
level was relatively low, and our research found a clue that TURP
could play an important role in metastatic PCa./*!¢!
Radiotherapy brings benefits in overall treatment efficacy
without major side effects.!'!! Few studies compared the out-
comes of RP and RT. Our data showed RT was as good as RP
(Fig. 5). Prospective study indicated 2-years OS was 93%, 100%
and 2-years CSS was 93%, 100% for RP, RT, respectively.!'!!
Thus, current data showed RP and RT exerted comparable
effects for the survival on metastatic PCa patients. According
to the adverse effects or complications, a meta-analysis found
acceptable rates of acute and late grade 3 to 5 toxic effects less
than 13% for RT.?* The genitourinary and gastrointestinal tox-
icity were the main adverse effects for RT.*’! The postoperative
incontinence and sexual dysfunction were the complications for

RP.12l Thus, to choose RT or RP, optimal local treatment may be
distinct for different demands of patients.

Some aspects of these data would require careful interpreta-
tion as it was not without limitations. First, after deleting Culp’s
literature (data from SEER) but not any other study, OS benefit
was not obvious (OR = 0.88, 95% CI 0.72-1.07, P = .21) in the
meta-analysis, we proposed the pooled data from prospective
studies (Fig. 3A) would be higher level evidence. Second, few
studies compared TURP with RP, as it was a simpler opera-
tion and had fewer complications for TURP, yet its role needed
more research. Third, adverse effects or complications were
not compared between groups, and these should be considered
when choosing treatments. Fourth, the follow-up time varies in
included studies, which also reduces the reliability of the con-
clusions. Fifth, the positive margin rate was not reported in the
RP group, and patients may be poorer outcomes with a positive
margin. However, this is the first comprehensive meta-analysis
comparing RT, RP, TURP, and non-local treatment for metastatic
PCa. We found cytoreductive radical prostatectomy significantly
prolonged the PFS, and TURP may also be helpful for particular
patients, while non-local treatment was not recommended.

5. Conclusions

Cytoreductive radical prostatectomy significantly prolonged
the PFS for metastatic PCa. Although OS was no significant dif-
ference between cytoreductive surgery and non-local therapy,
non-local treatment was not recommended for metastatic PCa.

Author contributions

All authors have read and approved the manuscript.

Project development: Z.P.; data collection or management:
A.H.; data analysis and interpretation: Z.P.; manuscript writing:
Z.P., A.H.; manuscript editing: Z.P.; and study supervision: Z.P.



Peng and Huang ¢ Medicine (2022) 101:38

Conceptualization: Zhixiong Peng.

Data curation: Zhixiong Peng, Andong Huang.

Formal analysis: Zhixiong Peng, Andong Huang.
Methodology: Zhixiong Peng.

Validation: Andong Huang.

Writing — original draft: Zhixiong Peng.

Writing — review & editing: Zhixiong Peng, Andong Huang.

References

[1] Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2021. CA

Cancer ] Clin. 2021;71:7-33.

[2] Sandhu S, Moore CM, Chiong E, et al. Prostate cancer. Lancet.

2021;398:1075-90.

[3] Rosario E, Rosario D]J. Localized Prostate Cancer. Treasure Island, FL:

StatPearls Publishing; 2022.

[4] Shemshaki H, Al-Mamari SA, Geelani IA, et al. Cytoreductive radical
prostatectomy versus systemic therapy and radiation therapy in meta-
static prostate cancer: a systematic review and meta-analysis. Urologia.

2022;89:16-30.

[5] Patel DN, Jha S, Howard LE, et al. Impact of prior local therapy on
overall survival in men with metastatic castration-resistant prostate
cancer: results from shared equal access regional cancer hospital. Int |

Urol. 2018;25:998-1004.

[6] Culp SH, Schellhammer PF, Williams MB. Might men diagnosed with
metastatic prostate cancer benefit from definitive treatment of the pri-

mary tumor? A SEER-based study. Eur Urol. 2014;65:1058-66.

[7] Steuber T, Berg KD, Roder MA, et al. Does cytoreductive prostatectomy
really have an impact on prognosis in prostate cancer patients with
low-volume bone metastasis? Results from a prospective case-control

study. Eur Urol Focus. 2017;3:646-9.

[8] Cheng B, Ye S, Bai P. The efficacy of cytoreductive surgery for oli-
gometastatic prostate cancer: a meta-analysis. World J Surg Oncol.

2021;19:160.

[9] Qin X]J, Ma CG, Ye DW, et al. Tumor cytoreduction results in better
response to androgen ablation — a preliminary report of palliative
transurethral resection of the prostate in metastatic hormone sensitive

prostate cancer. Urol Oncol. 2012;30:145-9.

[10] Antwi S, Everson TM. Prognostic impact of definitive local therapy of
the primary tumor in men with metastatic prostate cancer at diagno-
sis: a population-based, propensity score analysis. Cancer Epidemiol.

2014;38:435-41.
(11

2021;27:19-28.

Marvaso G, Volpe S, Pepa M, et al. Oligorecurrent prostate cancer
and stereotactic body radiotherapy: where are we now? A systematic
review and meta-analysis of prospective studies. Eur Urol Open Sci.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24

[25]

[26]

Medicine

Lumen N, De Bleser E, Buelens S, et al. The role of cytoreductive radical
prostatectomy in the treatment of newly diagnosed low-volume meta-
static prostate cancer. Results from the local treatment of metastatic
prostate cancer (LoMP) registry. Eur Urol Open Sci. 2021;29:68-76.
Si S, Zheng B, Wang Z, et al. Does surgery benefit patients with oligo-
metastatic or metastatic prostate cancer? A retrospective cohort study
and meta-analysis. Prostate. 2021;81:736-44.

Lan T, Chen Y, Su Q, et al. Oncological outcome of cytoreductive rad-
ical prostatectomy in prostate cancer patients with bone oligometasta-
ses. Urology. 2019;131:166-75.

Simforoosh N, Dadpour M, Mofid B. Cytoreductive and palliative
radical prostatectomy, extended lymphadenectomy and bilateral
orchiectomy in advanced prostate cancer with oligo and widespread
bone metastases: result of a feasibility, our initial experience. Urol J.
2019;16:162-7.

Sow Y, Sow O, Fall B, et al. Impact of tumor cytoreduction in metastatic
prostate cancer. Res Rep Urol. 2019;11:137-42.

Jang WS, Kim MS, Jeong WS, et al. Does robot-assisted radical prosta-
tectomy benefit patients with prostate cancer and bone oligometasta-
ses? BJU Int. 2018;121:225-31.

Sheng MX, Wan LL, Liu CM, et al. Cytoreductive cryosurgery in
patients with bone metastatic prostate cancer: a retrospective analysis.
Kaohsiung ] Med Sci. 2017;33:609-15.

Pompe RS, Tilki D, Preisser F, et al. Survival benefit of local versus no
local treatment for metastatic prostate cancer-Impact of baseline PSA
and metastatic substages. Prostate. 2018;78:753-7.

Preisser F, Chun FK, Banek S, et al. Management and treatment options
for patients with de novo and recurrent hormone-sensitive oligometa-
static prostate cancer. Prostate Int. 2021;9:113-8.

Buelens S, Poelaert F, Claeys T, et al. Multicentre, prospective study on
local treatment of metastatic prostate cancer (LoMP study). BJU Int.
2022;129:699-707.

Milano MT, Biswas T, Simone CN, et al. Oligometastases: history of a
hypothesis. Ann Palliat Med. 2021;10:5923-30.

Fang K, Song P, Zhang ], et al. The impact of palliative transurethral
resection of the prostate on the prognosis of patients with bladder out-
let obstruction and metastatic prostate cancer: a population-matched
study. Front Surg. 2021;8:726534.

Lehrer EJ, Singh R, Wang M, et al. Safety and survival rates associated with
ablative stereotactic radiotherapy for patients with oligometastatic can-
cer: a systematic review and meta-analysis. JAMA Oncol. 2021;7:92-106.
Ito M, Sasamura K, Takase Y, et al. Comparison of physician-recorded
toxicities and patient-reported outcomes of five different radiotherapy
methods for prostate cancer. Anticancer Res. 2021;41:2523-31.

Liu ], Zhang ], Yang Z, et al. Comparison of Retzius-sparing and con-
ventional robot-assisted laparoscopic radical prostatectomy regarding
continence and sexual function: an updated meta-analysis. Prostate
Cancer Prostatic Dis. 2022;25:47-54.



