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Department of Urology, Affiliated Jiang-yin Hospital of the Southeast University Medical College, Jiang-yin, China

Objective: This systematic study aimed to assess and compare the comprehensive
evidence regarding the impact of neoadjuvant hormone therapy (NHT) on surgical and
oncological outcomes of patients with prostate cancer (PCa) before radical
prostatectomy (RP).

Methods: Literature searches were performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines. Using PubMed, Web of
Science, Chinese National Knowledge Infrastructure, and Wanfang databases, we
identified relevant studies published before July 2020. The pooled effect sizes were
calculated in terms of the odds ratios (ORs)/standard mean differences (SMDs) with 95%
confidence intervals (CIs) using the fixed or random-effects model.

Results: We identified 22 clinical trials (6 randomized and 16 cohort) including 20,199
patients with PCa. Our meta-analysis showed no significant differences in body mass
index (SMD = 0.10, 95% CI: −0.08–0.29, p = 0.274) and biopsy Gleason score (GS) (OR =
1.33, 95% CI: 0.76–2.35 p = 0.321) between the two groups. However, the NHT group
had a higher mean age (SMD = 0.19, 95% CI: 0.07–0.31, p = 0.001), preoperative
prostate-specific antigen (OR = 0.47, 95% CI: 0.19–0.75, p = 0.001), and clinic tumor
stage (OR = 2.24, 95% CI: 1.53–3.29, p < 0.001). Compared to the RP group, the NHT
group had lower positive surgical margins (PSMs) rate (OR = 0.44, 95%CI: 0.29–0.67, p <
0.001) and biochemical recurrence (BCR) rate (OR = 0.47, 95% CI: 0.26–0.83, p = 0.009).
Between both groups, there were no significant differences in estimated blood loss
(SMD = −0.06, 95%CI: −0.24–0.13, p = 0.556), operation time (SMD = 0.20, 95%CI: −0.12–
0.51, p = 0.219), pathological tumor stage (OR = 0.76, 95% CI: 0.54–1.06, p = 0.104),
specimenGS (OR = 0.91, 95%CI: 0.49–1.68, p = 0.756), and lymph node involvement (OR =
0.76, 95% CI: 0.40–1.45, p = 0.404).
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Conclusions: NHT prior to RP appeared to reduce the tumor stage, PSMs rate, and risk
of BCR in patients with PCa. According to our data, NHT may be more suitable for older
patients with higher tumor stage. Besides, NHT may not increase the surgical difficulty
of RP.
Keywords: prostate cancer, radical prostatectomy, neoadjuvant hormone therapy, meta-analysis, clinical research
INTRODUCTION

Prostate cancer (PCa), which generated from an androgen-
dependent tumor cell, is the most common malignancy in men
worldwide (1). PCa therapy aims to block androgen-dependent
growth of tumor cells (2, 3). Theoretically, neoadjuvant hormone
therapy (NHT) could offer treatment benefits not only for
reducing the size of the prostate volume but also eliminating
the invasion of tumor microenvironment (4, 5). NHT before
radical prostatectomy (RP) has been reported in several trials
involving patients with locally advanced PCa. In several non-
randomized trials, NHT plus RP have demonstrated improvements
in local control of PCa (6–9).

To date, the use of NHT prior to RP has been explored in
multiple studies. The current European Association of Urology
guidelines recommend the use of NHT only for patients with
intermediate or high-risk PCa if they receive radiation therapy
(10). However, due to the lack of solid evidence in survival
benefit, the current international guidelines lack clear
recommendations for the use of NHT before RP. Some studies
have shown favorable effects with respect to tumor stage
reduction and decline in rates of positive surgical margins
(PSMs), seminal vesicle invasion, and lymph node involvement
(LNI) in patients with PCa who received NHT followed by RP
(11, 12). However, in numerous trials, the use of NHT before RP
has failed to show a definitive benefit in terms of biochemical
recurrence (BCR), overall survival (OS), or cancer-specific
survival (CSS) (13–15). The aim of the present study was to
assess the pathological outcomes of patients who received NHT
prior to RP. We attempted to identify which populations of
patients with PCa might benefit from NHT and whether NHT
might increase the surgical difficulty of RP.
MATERIALS AND METHODS

Search Strategy
A systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (16). A literature search was performed to
identify relevant studies comparing the surgical and oncological
outcomes of NHT using PubMed, Web of Science, Chinese
National Knowledge Infrastructure (CNKI), and Wanfang
databases. The search terms were [prostate cancer] AND
[radical prostatectomy] AND [neoadjuvant hormone therapy]
AND [surgical outcomes] OR [oncological outcomes]. The
search language was restricted to English and Chinese. The
reference lists from the retrieved articles were manually
2

searched to identify additional studies. The latest date of this
search was July 12, 2020. Ethical approval was not required
because we did not conduct clinical research in this
meta-analysis.

Inclusion and Exclusion Criteria
Our search was limited to randomized or observational
controlled studies published as full papers. According to the
PRISMA guidelines, the selected studies fulfilled the following
criteria: (1) literature comparing NHT with non-NHT before RP
in patients with pathologically confirmed PCa; (2) randomized
controlled trials (RCTs) or retrospective comparative studies in
English or Chinese with full text available; (3) evaluation of at
least one of the surgical or oncological outcomes; and (4)
sufficient data provided for comparison. Exclusion criteria were
as follows: (1) non-human research; (2) editorial, case report,
review, meta-analysis, and conference abstract; (3) studies that
did not analyze patients with PCa; and (4) studies that could not
obtain sufficient data to estimate odds ratios (ORs)/standard
mean differences (SMDs) and 95% confidence intervals (CIs).
When studies were reported on the same population and by the
same authors, the study that was well designed and reported
more relevant information was used.

Data Extraction and Study Quality
According to the inclusion criteria, two investigators (HZ and
ZZ) independently extracted available data from the eligible
studies, and discrepancies were resolved by discussion with a
third reviewer (BW). All of the extracted information was
recorded according to standardized protocol. The extracted
elements included year of publication, first author’s name,
study’s country of origin, study design, number of patients,
mean age, surgical outcomes (estimated blood loss (EBL) and
operation time [OT]), histopathological information (tumor
staging, pathological grading, lymph nodes, and surgical
margin status), and follow-up data (median/mean follow-up
duration, BCR risk).

The methodological quality of RCTs was calculated using the
Cochrane risk-of-bias tool (17), which consists of five domains:
random sequence generation, allocation concealment, blinding
of participants and personnel, incomplete outcome data, and
selective reporting. The methodological quality of cohort studies
was assessed using the Newcastle Ottawa Scale (NOS) (18). The
quality assessment of NOS was evaluated using three broad
domains: patient selection, comparability of the study groups,
and assessment of outcomes. A score of 0 to 9 was allocated to
each study. Studies that received a score of >6 stars were
considered to be of high quality.
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Statistical Analysis
The continuous outcome variables were pooled as SMDs with
95% CIs, and the dichotomous variables were pooled as ORs with
95% CIs. Statistical heterogeneity across included studies was
calculated by the chi-square-based Q test and I2. A p < 0.10 or an
I2 > 50% was considered as significant between-study
heterogeneity. When significant heterogeneity was found in
this meta-analysis, the pooled effect was calculated using a
random Der-Simonian and Laird effects model; otherwise, the
fixed Mantel–Haenszel effects model was used. We performed a
subgroup analysis to explore clinical heterogeneity: geographic
region (Asia vs. non-Asia), year of publication (≥2014 vs. <2014),
number of patients (≥200 vs. <200), and study design
(prospective vs. retrospective). Publication bias was evaluated
by visual inspection of funnel plots, and Begg’s test was used to
further assess publication bias. To explore the stability of our
results, a sensitivity analysis was performed by removing one
study at a time. All p values were two-tailed, and p < 0.05 was
considered as statistically significant. A statistical analysis was
conducted using Review Manager Version 5.3 (The Cochrane
Collaboration, Oxford, London, UK) and Stata Version 12.0
software (Stata Corp, College Station, TX, USA).
RESULTS

Search Results
Altogether, 392 literature searches were initially identified
employing the described search strategy. After screening the
titles and abstracts, 328 articles were excluded for various reasons
such as repeated and irrelevant reports, non-human studies,
letters, case reports, conference reports, reviews, and non-
comparative design studies. The remaining 64 articles were
assessed in full text. Of those, 42 articles were excluded: 4
lacked key information; 6 duplicated cohorts; and 32 lacked
sufficient extractable data. Finally, in accordance with the
inclusion criteria, a total of 22 studies (4, 8, 11, 14, 15, 19–35)
[6 were RCTs (4, 14, 19, 30, 33, 35) and 16 were retrospective
non-randomized studies (8, 11, 15, 20–29, 31, 32, 34)] published
from 1996 to 2020 were included in this meta-analysis. A
flowchart of the study selection process is shown in Figure 1.

Characteristics of Included Studies
The baseline clinical and pathological characteristics of included
studies are shown in Table 1. Our data revealed 20,199 patients
with PCa (range: 31–14,575). In this study, 3,416 patients with
PCa were treated with NHT before RP, whereas 16,783 patients
with PCa were treated only with RP. The median or mean age of
patients ranged from 61 to 69 years, and the median follow-up
duration ranged from 12 months to 99.6 months. Among the
studies, eight studies originated from Japan, six were from China,
three were from multi-centers, two were from United States, one
was from Germany, one was from Canada, and one was from
Korea. Various pathological data were collected to compare the
oncologic outcomes for the NHT and RP groups (Table 2).
Frontiers in Oncology | www.frontiersin.org 3
Methodological Quality Assessment
The quality assessment for the six RCTs included in this meta-
analysis is shown in Supplementary Figure S1. According to the
Cochrane risk-of-bias tool, all of the trials were rated with low
risk of bias. For the 16 retrospective observational studies, we
assessed the quality following the NOS guidelines. The quality of
the studies varied from a score of 6 to 8, with a mean of 6
(Supplementary Table S1). Therefore, all 22 studies were
included in the subsequent analysis.

Meta-Analysis of Perioperative Variables
The pooled data from the included studies that reported body
mass index (BMI) (SMD = 0.10, 95% CI: −0.08–0.29, p = 0.274,
Figure 2A) and biopsy Gleason score (GS) (OR = 1.33, 95% CI:
0.76–2.35, p = 0.321, Figure 2B) showed no significant
differences between the NHT and RP groups. However, the
NHT group had a higher mean age (SMD = 0.19, 95% CI:
0.07–0.31, p = 0.001, Figure 3A), preoperative prostate-specific
antigen (p-PSA) (OR = 0.47, 95% CI: 0.19–0.75, p = 0.001,
Figure 3B), and clinic tumor stage (OR = 2.24, 95% CI: 1.53–
3.29, p < 0.001, Figure 3C).

Meta-Analysis of Postoperative Variables
A meta-analysis did not show significant differences in EBL
(SMD = −0.06, 95% CI: −0.24–0.13, p = 0.556, Figure 4A), OT
(SMD = 0.20, 95% CI: −0.12–0.51, p = 0.219, Figure 4B),
pathological tumor stage (OR = 0.76, 95% CI: 0.54–1.06, p =
0.104, Figure 4C), LNI (OR = 0.76, 95% CI: 0.40–1.45, p = 0.404,
Figure 4D), and specimen GS (OR = 0.91, 95% CI: 0.49–1.68, p =
0.756, Figure 4E) between the NHT and RP groups. Compared
with the RP group, the NHT group had lower PSMs rate (OR =
0.44, 95% CI: 0.29–0.67, p < 0.001, Figure 5A) and BCR risk (OR
= 0.47, 95% CI: 0.26–0.83, p = 0.009, Figure 5B).

Subgroup Analysis
To discover the source of heterogeneity, a subgroup analysis was
applied with a random effects model. Considering the potential
factors, we performed a subgroup analysis by geographic region,
year of publication, number of patients, and study design.
Because there was no significant heterogeneity detected for
advanced age, BMI, and EBL, a subgroup analysis was not
performed. For the perioperative variables, subgroup analyses
showed that the NHT group had significantly higher p-PSA and
clinic tumor stage in the prospective study compared to the RP
group (Table 3). For the postoperative variables, no significant
changes occurred in the subgroup analyses for OT, pathological
tumor stage, specimen GS, LNI, and PSMs (Table 4). However,
the results varied in some subgroup analyses. The reason for the
above difference may be related to the small number of studies
included in the subgroup analysis.

Publication Bias and Sensitivity Analysis
The Begg’s tests and funnel plots were adopted to detect potential
publication bias in the present meta-analysis. As shown in
Figure 6, the funnel plots indicated that the included studies
had no evident asymmetry. Furthermore, the results from the
February 2021 | Volume 10 | Article 615801
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Begg’s test for the included studies assessing the perioperative
variables were as follows: advanced age (p = 0.223, Figure 6A), p-
PSA (p = 0.873, Figure 6B), and clinic tumor stage (p = 0.821,
Figure 6C); and the postoperative variables were as follows: EBL
(p = 0.682, Figure 7A), OT (p = 0.129, Figure 7B), PSMs (p =
0.241, Figure 7C), BCR (p = 0.300, Figure 7D), pathological
tumor stage (p = 0.315, Figure 7E), specimen GS (p = 0.181,
Figure 7F), and LNI (p = 0.749, Figure 7G). Although we found
a slight publication bias in biopsy GS (p = 0.047), no significant
publication bias was found in the other parameters.

A sensitivity analysis was conducted using the leave-one-out
approach to examine the stability of the current study. The
selected studies were sequentially omitted to investigate whether
any individual study influenced the results (data not shown).
The results showed no significant changes in our pooled results,
suggesting the robustness of the pooled results. Funnel plot and
sensitivity analysis for BMI were not conducted because of the
small size.
Frontiers in Oncology | www.frontiersin.org 4
DISCUSSION

PCa is the most commonly diagnosed malignancy in men and
the second most common cause of cancer-related death in the
USA (36). Although controversy exists regarding the definitive
treatment recommendations (radiation therapy, RP, or expectant
management) for localized and high-risk PCa, RP has long
remained the preferred therapeutic option for localized PCa
(37). The ultimate goal of RP is the complete removal of all
cancer cells. Unfortunately, this is not always possible, not even
in carefully selected patients. As a result, incomplete resection of
PCa cancer cells may result in a higher risk of local or distant
metastasis (38). Presently, the systematic treatment of high-risk
localized PCa has been the consensus of many clinicians (39, 40).

Given the advances in PCa systemic therapy, much interest
centers on the application of NHT. NHT is defined as a systemic
therapy that is administered before commencing definitive
locoregional therapy (41). The proposed mode of NHT is
FIGURE 1 | The flowchart of this meta-analysis in accordance with PRISMA guidelines.
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TABLE 1 | Main characteristics of the eligible studies.

level(ng.ml-1) Follow-up time (months)

RP NHT+RP RP

Mean
8.5

24 24

ge)
9)

Median (range)
60.3 (56–78)

Median
18.3

Median
22.8

NA Mean (range)
49.1 (7.1–148.3)

Mean (range)
49.1 (7.1–148.3)

R) median (IQR)
14 (7–28)

median (IQR)
56 (29–88)

median (IQR)
56 (29–88)

R)
.9)

median (IQR)
10.3 (6.6–21.0)

median (IQR)
61 (42–84)

median (IQR)
44(27–60)

Mean ± SD
11.9 ± 7.7

NA NA

R)
.2)

median (IQR)
10.3 (6.7–21.1)

median (IQR)
58 (38–84)

median (IQR)
45 (28–61)

R)
7.8)

median (IQR)
44.3 (25.6–72.3)

Median
18.5

Median
44.5

e)
.1)

Mean (range)
7.1 (0.7–119)

NA NA

R)
.8)

median (IQR)
8.6 (5.9–16.3)

median (IQR)
37 (18–61)

median (IQR)
52 (33–73)

7
Mean ± SD
7.2 ± 3.2

NA NA

R)
.2)

median (IQR)
6.0 (4.3–9.0)

median (IQR)
99.6 (60–129.6)

median (IQR)
92.4 (46.8–148.8)

R)
.1)

median (IQR)
6.5 (1.6–19.4)

NA NA

Mean ± SD
8.6 ± 5.2

NA NA

Mean ± SD
11.4 ± 8.9

NA NA

2
Mean ± SD
18.4 ± 16.9

Mean ± SD
29.4 ± 2.9

Mean ± SD
31.4 ± 4.2

NA NA NA

Mean ± SD
5.9 ± 0.8

NA NA

5
Mean ± SD
8.8 ± 5.3

NA NA

2
Mean ± SD
7.5 ± 2.9

12 12

e)
.3)

Mean (range)
12.5 (0.7–54.8)

60 60

NA NA NA
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Author Year Country Study design Recruitment period No. of patients Age (years) p-PSA

NHT+RP RP NHT+RP RP NHT+RP

Chen et al. (19) 2020 Multicenter Prospective 2011–2013 51 153 Mean ± SD
63.1 ± 8.7

Mean ± SD
63.0 ± 8.1

Mean
16.4

Pan et al. (4) 2019 China Prospective 2014–2017 73 44 Median (range)
68 (56–78)

Median (range)
69 (57–78)

Median (ran
71.2 (9.7–2

Kim et al. (11) 2018 Korea Retrospective 2004–2015 79 97 NA NA NA

Tosco et al. (20) 2017 Multicenter Retrospective 1985–2015 403 1,170 median (IQR)
67 (62–71)

median (IQR)
66 (61–70)

median (IQ
11 (7–25

Narita et al. (8) 2017 Japan Retrospective 2000–2014 280 238 median (IQR)
69 (64–72)

median (IQR)
68 (64–72)

median (IQ
10.4 (6.9–2

Miyata et al. (21) 2017 Japan Retrospective NA 73 80 NA NA Mean ± S
14.4 ± 9.

Matsumoto et al. (22) 2017 Japan Retrospective 1996–2017 403 237 median (IQR)
68 (64–72)

median (IQR)
68 (64–72)

median (IQ
10.1 (6.3–2

Hu et al. (23) 2017 China Retrospective 2008–2014 24 24 median (IQR)
66 (59–74)

median (IQR)
67 (63–71)

median (IQ
36.4 (24.8–7

Williams et al. (24) 2016 USA Retrospective 2006–2010 66 149 Mean (range)
61(45-80)

Mean (range)
62 (43-74)

Mean (rang
1.3 (0.1–18

Koie et al. (25) 2015 Japan Retrospective 2000–2011 210 210 median (IQR)
68 (64–72)

median (IQR)
68 (62–74)

median (IQ
9.2 (6.2–17

Takeda et al. (26) 2014 Japan Retrospective 2006–2011 80 206 Mean ± SD
65.6 ± 6.3

Mean ± SD
64.1 ± 6.5

Mean ± S
12.7 ± 10

Stewart et al. (27) 2014 USA Retrospective 1987–2009 1,148 13,427 median (IQR)
62 (56–67)

median (IQR)
63 (57–67)

median (IQ
7.3 (4.9–13

Yamamichi et al. (28) 2013 Japan Retrospective 2007–2010 19 34 median (IQR)
68 (55–75)

median (IQR)
67.5 (51–79)

median (IQ
9.9 (4.9–67

Naiki et al. (29) 2012 Japan Retrospective 2004–2009 72 270 Mean ± SD
67.7 ± 5.4

Mean ± SD
66.3 ± 6.1

Mean ± S
9.8 ± 4.1

Yang et al. (15) 2011 China Retrospective 2006–2009 38 31 Mean ± SD
67.3 ± 5.7

Mean ± SD
65.3 ± 5.8

Mean ± S
14.8 ± 8.

Zhou et al. (30) 2009 China Prospective 2001–2008 26 26 Mean ± SD
65.8 ± 0.9

Mean ± SD
66.5 ± 0.9

Mean ± S
28.1 ± 26

Gao et al. (31) 2009 China Retrospective 1999–2003 12 19 Mean (range)
61.3 (53–71)

Mean (range)
61.3 (53–71)

NA

Pu et al. (32) 2007 China Retrospective 2001–2006 44 11 Mean ± SD
63.8 ± 4.4

Mean ± SD
62.9 ± 4.7

Mean ± S
5.9 ± 0.7

Maldonado et al. (33) 2006 Germany Prospective 1999–2005 50 50 Mean ± SD
64 ± 6.2

Mean ± SD
63.7 ± 4.5

Mean ± S
10.7 ± 10

Namiki et al. (34) 2005 Japan Retrospective 2000–2002 26 72 Mean ± SD
68.3 ± 5.1

Mean ± SD
66.8 ± 5.1

Mean ± S
16.9 ± 13

Soloway et al. (14) 2002 Multicenter Prospective 1992–1994 138 144 Mean
64.9

Mean
65.4

Mean (rang
14.3 (0.6–5

Goledberg et al. (35) 1996 Canada Prospective 1993–1994 101 91 Mean ± SD
62.5 ± 6.0

Mean ± SD
62.2 ± 5.9

NA

NHT, neoadjuvant hormone therapy; RP, radical prostatectomy; SD, standard deviation; IQR, Investment Quality Ranking; NA, data not applicable.
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TABLE 2 | Tumor characteristics of the eligible studies.

pT stage1–2/3–4 Clinic stage1–2/3–4 Lymph nodesstatus
(positive)

Surgical
marginstatus
(positive)

NHT+RP RP NHT+RP RP NHT+RP RP NHT+RP RP

13/17* 47/37* NA NA 49/2 147/6 23/7* 61/28*
31/39 2/42 7/66 6/38 57/13 35/9 57/16 30/14
NA NA 3/76 1/96 57/22 90/7 63/16 61/36

151/252* 316/848* 113/290* 283/887* 283/119* 743/243* 234/168* 759/410*
172/108 108/130 96/184 56/182 276/4 211/27 254/26 137/101

50/23 48/32 11/62 6/74 68/5 79/1 38/35 38/42
274/129 108/129 155/248 56/181 399/4 207/30 373/30 135/102

6/18 4/20 17/7 11/13 NA NA 15/9 2/22
35/31 62/87 25/41 14/135 NA NA 44/22 113/36
115/95 114/96 59/151 43/167 209/1 192/18 194/16 143/67
NA NA NA NA NA NA NA NA

797/251* 10,634/
2,291*

144/
1,004

484/
12,934

1,061/87 12,953/
474

903/245 9,896/
3,531

17/3 31/3 NA NA NA NA 13/6 25/9

62/10 193/77 NA NA NA NA 52/20 156/114
26/12 25/6 NA NA NA NA 30/8 23/8
19/7 19/7 14/12 4/23 NA NA NA NA
NA NA NA NA 1/11 3/16 2/10 7/12

21/13 8/3 6/38 1/10 NA NA 39/5 6/5
15/35 32/18 32/18 NA 41/9 42/8

22/4 60/12 3/23 3/69 26/0 72/0 NA NA
NA NA NA NA 129/9 136/8 114/24 79/65
NA NA NA NA 98/3 84/7 73/28 32/59

al Pathology; GS, Gleason score; NHT, neoadjuvant hormone therapy; RP, radical prostatectomy; NA, data not
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Author Staging and Grading
system

Cycles of
NHT

BiopsyGS <7/≥7 SpecimenGS <7/≥7

NHT+RP RP NHT+RP RP

Chen et al. (19) NA 6 6/42* 18/126* NA NA
Pan et al. (4) NA 5 5/68 5/39 NA NA
Kim et al. (11) 2005 ISUP NA 10/69 16/81 NA NA
Tosco et al. (20) NA NA 113/281* 283/854* 235/141* 669/435*
Narita et al. (8) 2002 AJCC

2005 ISUP
6 5/276 15/223 NA NA

Miyata et al. (21) NA 7 22/51 28/52 NA NA
Matsumoto et al.
(22)

2009 UICC
2005 ISUP

6 394/9 229/8 394/9 229/8

Hu et al. (23) NA 2-12 2/22 1/23 2/22 0/24
Williams et al. (24) 2002 AJCC NA 0/66 3/146 0/66 3/146
Koie et al. (25) 2005 ISUP 3 5/205 26/184 NA NA
Takeda et al. (26) NA 1-14 18/62 83/123 NA NA
Stewart et al. (27) 2009 AJCC

2005 ISUP
3 501/647 9,455/

2,972
433/678* 8,065/

5,280*
Yamamichi et al.
(28)

NA 3 10/9 16/19 10/9 7/27

Naiki et al. (29) 2002 AJCC 4 30/42 121/149 NA NA
Yang et al. (15) 2009 AJCC 3 NA NA NA NA
Zhou et al. (30) NA 6 NA NA NA NA
Gao et al. (31) NA 3-8 NA NA NA NA
Pu et al. (32) 2002 AJCC 3-8 NA NA NA NA
Maldonado et al.
(33)

2002 AJCC 3-9 NA NA NA NA

Namiki et al. (34) NA 3 NA NA 15/11 34/38
Soloway et al. (14) NA 3 NA NA NA NA
Goledberg et al.
(35)

NA 3 NA NA 84/15 80/11

UICC, Union for International Cancer Control; AJCC, American Joint Committee on Cancer; ISUP, International Society of Urologi
applicable.
*means some data missing in the raw data.
c
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based on the hypothesis that androgen blockade may induce PCa
cell death (apoptosis) by inhibiting the growth of hormone
sensitive cells, which will downstage the tumor prior to RP
(42). By theoretically increasing the likelihood of organ
confined tumors, the efficacy of RP is augmented. Considering
these findings, NHT prior to RP has been widely performed.

The reason for using NHT in PCa was to decrease the size of
the prostate volume (43). Decreasing prostate size might help the
urologist to remove the prostate more efficiently and easily, with
fewer intraoperative comorbidities during RP (24). Use of NHT
before RP was assessed in different RCTs showing higher rates of
downstaging and lower rates of PSMs compared to RP alone (14,
19, 32). In contrast, NHT administered before RP has yet to show
a definitive survival benefit. This stems from the numerous trials
that have demonstrated a lack of statistically significant
improvement in CSS and OS (13, 15, 44). However, why NHT
fails to improve survival is unclear. One possible reason is that
androgen-resistant tumor cells may exist in early PCa. Another
Frontiers in Oncology | www.frontiersin.org 7
potential reason is that NHT cannot sufficiently suppress
androgen levels in prostate tissue, thereby significantly
destroying tumor cells. Despite the international guidelines
advising against its use (37), the administration of NHT prior
to RP remains controversial. Presently, many urologists
incorporate NHT and RP in their clinical practice.

No clear evidence shows that NHT is beneficial in patients
with PCa. Some studies have indicated that patients treated with
NHT have fewer PSMs but without improving BCR after RP.
Naiki et al. (29) and Soloway et al. (14) found that pre-surgical
NHT is beneficial for PCa control by suppressing BCR. In this
study, the efficacy of NHT was statistically significant in reducing
the tumor stage after RP, PSMs rates, and BCR risk. However, no
significant differences were detected between the two groups
regarding biopsy GS, specimen GS, and LNI. This meta-analysis
demonstrated that the NHT group comprised patients who were
significantly older and were classified at a high clinic tumor stage,
which means that NHT tends to be used more often in elderly
FIGURE 2 | Forest plot of pooled hazard ratios for perioperative variables: (A) BMI; (B) biopsy GS. No significant differences between the NHT and RP groups were
found.
FIGURE 3 | Forest plot of pooled hazard ratios for perioperative variables, NHT group had a higher: (A) advanced age; (B) p-PSA; (C) clinic tumor stage
than RP group.
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patients and patients with non-localized PCa. The subgroup
analyses of the perioperative variables, however, demonstrated
that the NHT group had significantly higher p-PSA and higher
clinic tumor stage in the prospective study. We speculate that the
reasons for the above differences may come from the study
population, pathological backgrounds, and methods of NHT.

The potential surgical advantages of NHT during RP remain a
subject of debate. Some researchers have stated that NHT
Frontiers in Oncology | www.frontiersin.org 8
decreases the operative parameters and thereby facilitates the
surgical procedure (26, 29, 45). Others have reported no
differences in OT, EBL, and complication rate in patients who
received or did not receive NHT prior to RP (15, 33). Narita et al.
(8) reported that the patients who received NHT required a
longer OT and a higher transfusion rate than the non-NHT
patients. However, Hu et al. (23) found that the OT was
significantly shorter and that the EBL was significantly less in
FIGURE 4 | Forest plot of pooled hazard ratios for postoperative variables: (A) EBL; (B) OT; (C) pathological tumor stage; (D) LNI; (E) specimen GS. No significant
differences between the NHT and RP groups were found.
FIGURE 5 | Forest plot of pooled hazard ratios for postoperative variables, NHT group had a lower (A) PSMs; (B) BCR than RP group.
February 2021 | Volume 10 | Article 615801
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the NHT group. Our data did not show that use of NHT resulted
in increased OT or greater EBL, which means that NHT may not
increase the surgical difficulty of RP. These results could be
useful for surgeons, but additional large-scale RCT studies are
warranted to draw more definitive conclusions on NHT.

Several potential limitations in this study should be
acknowledged. First, except for six RCTs, all of the studies
included were observational. Although we have conducted a
quality evaluation of all the included literature, the quality of
eligible studies is a concern because the included studies were
conducted with different modes and levels of surgical expertise.
Frontiers in Oncology | www.frontiersin.org 9
Second, obvious heterogeneity among studies was identified in
several analyses. Different study design, patients’ baseline
features, surgical approach, adequacy of follow-up, and
measurement of outcomes might be potential contributors to
the heterogeneity. Therefore, the random effect model was used
to reduce the impact of heterogeneity but could not completely
eliminate it. Third, the data included in these documents span a
lengthy time period. Therefore, selection bias of the original
articles remains a significant limitation in the current study. It is
reasonable to believe that the recent technical developments in
PCa make the NHT of today more complete than it was 30 years
TABLE 3 | Summary and subgroup analysis of preoperative clinicopathological features for the PCa patients treated with NHT before RP.

Analysis specification No. of studies Study heterogeneity Effects model Pooled OR/SMD (95% CI) P-Value

I2 (%) Pheterogeneity

Mean age
Overall 9 0 0.473 Fixed 0.19(0.07,0.31) 0.001
BMI
Overall 3 0 0.377 Fixed 0.10(−0.08,0.29) 0.274
p-PSA
Overall 8 75.6 <0.001 Random 0.47(0.19,0.75) 0.001
Geographical region
Asia 7 77.8 <0.001 Random 0.50(0.19,0.81) 0.002
Non-Asia 1 – – – – –

Year of publication
≥2014 2 87.1 0.005 Random 0.59(0.01,1.17) 0.047
<2014 6 71 0.004 Random 0.42(0.08,0.75) 0.015

No. of patients
≥200 2 91.0 0.001 Random 0.56(−0.07,1.18) 0.080
<200 6 69.5 0.006 Random 0.43(0.09,0.77) 0.014

Study design
Prospective 2 0 0.540 Fixed 0.30(−0.02,0.62) 0.005
Retrospective 6 81.4 <0.001 Random 0.51(0.16,0.86) 0.066

Clinic T-stage
Overall 14 82.5 <0.001 Random 2.24(1.53,3.29) <0.001
Geographical region
Asia 10 19.8 0.261 Fixed 1.95(1.48,2.57) <0.001
Non-Asia 4 94.9 <0.001 Random 2.36(1.05,5.32) 0.039

Year of publication
≥2014 10 86.9 <0.001 Random 2.23(1.45,3.43) <0.001
<2014 4 44.1 0.147 Fixed 2.32(0.91,5.93) 0.079

No. of patients
≥200 5 85.8 <0.001 Random 1.41(1.17,1.69) <0.001
<200 4 42.9 0.154 Fixed 1.38(1.20,1.58) <0.001

Study design
Prospective 3 73.3 0.023 Random 3.58(0.79,16.11) 0.097
Retrospective 11 85.1 <0.001 Random 2.13(1.41,3.22) <0.001

Biopsy GS
Overall 14 92.8 <0.001 Random 1.33(0.76,2.35) 0.321
Geographical region
Asia 10 60.2 0.007 Random 1.26(0.81,1.97) 0.311
non-Asia 4 97.7 <0.001 Random 1.67(0.49,5.65) 0.410

Year of publication
≥2014 12 93.4 <0.001 Random 1.42(0.75,2.66) 0.280
<2014 2 0 0.521 Fixed 1.06(0.66,1.70) 0.821

No. of patients
≥200 9 95.2 <0.001 Random 1.46(0.71,3.00) 0.308
<200 5 0 0.810 Fixed 1.19(0.77,1.86) 0.438

Study design
Prospective 2 0 0.505 Fixed 1.33(0.56,2.69) 0.612
Retrospective 12 93.8 <0.001 Random 1.34(0.72,2.48) 0.357
February 2021 | Volume 10 | Articl
e 615801

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Effect of NHT on PCa Before RP
TABLE 4 | Summary and subgroup analysis of postoperative clinicopathological features for the PCa patients treated with NHT before RP.

Analysis specification No. of studies Study heterogeneity Effects model Pooled OR/SMD (95% CI) P-Value

I2 (%) Pheterogeneity

EBL
Overall 5 0 0.455 Fixed −0.06(−0.24,0.13) 0.556
OT
Overall 6 61.6 0.023 Random 0.20(−0.12,0.51) 0.219
Geographical region
Asia 5 69 0.012 Random 0.23(−0.18,0.63) 0.269
Non-Asia 1 – – – – –

Year of publication
≥2014 1 – – – – –

<2014 5 49.4 0.095 Random 0.30(−0.05,0.64) 0.089
No. of patients
≥200 1 – – – – –

<200 5 49.4 0.095 Random 0.30(−0.05,0.64) 0.089
Study design
Prospective 2 0 0.727 Fixed 0.10(−0.22,0.42) 0.527
Retrospective 4 76.7 0.005 Random 0.30(−0.23,0.82) 0.265

Pathological T-stage
Overall 17 85.3 <0.001 Random 0.76(0.54,1.06) 0.104
Geographical region
Asia 12 65.9 0.001 Random 0.65(0.45,0.94) 0.021
Non-Asia 5 90 <0.001 Random 0.97(0.58,1.63) 0.906

Year of publication
≥2014 10 91.1 <0.001 Random 0.66(0.44,1.01) 0.057
<2014 7 24.2 0.244 Fixed 0.94(0.58,1.50) 0.786

No. of patients
≥200 8 92.4 <0.001 Random 0.72(0.47,1.11) 0.140
<200 9 53.1 0.029 Random 0.82(0.46,1.44) 0.486

Study design
Prospective 4 81.1 0.001 Random 0.63(0.19,2.10) 0.147
Retrospective 13 87.2 <0.001 Random 0.76(0.53,1.10) 0.454

Specimen GS
Overall 8 90.2 <0.001 Random 0.91(0.49,1.68) 0.756
Geographical region
Asia 5 32.5 0.205 Fixed 0.63(0.35,1.16) 0.140
Non-Asia 3 95.8 <0.001 Random 1.58(0.65,3.84) 0.311

Year of publication
≥2014 5 92.6 <0.001 Random 1.16(0.54,2.51) 0.701
<2014 3 61.5 0.074 Random 0.64(0.26,1.58) 0.332

No. of patients
≥200 5 93.0 <0.001 Random 1.13(0.58,2.29) 0.740
<200 3 66.2 0.052 Random 0.50(0.12,2.04) 0.331

Study design
Prospective 1 – – – – –

Retrospective 7 91.5 <0.001 Random 0.85(0.43,1.68) 0.633
LNI
Overall 12 88.8 <0.001 Random 0.76(0.40,1.45) 0.404
Geographical region
Asia 8 88.1 <0.001 Random 0.52(0.14,1.97) 0.336
Non-Asia 4 72.2 0.013 Random 1.57(1.00,2.43) 0.056

Year of publication
≥2014 9 91.5 <0.001 Random 0.73(0.34,1.54) 0.405
<2014 3 15.8 0.305 Fixed 0.87(0.36,2.07) 0.748

No. of patients
≥200 7 93.0 <0.001 Random 0.48(0.21,1.10) 0.083
<200 5 69.4 0.011 Random 1.68(0.55,5.13) 0.363

Study design
Prospective 4 0 0.593 Fixed 0.85(0.48,1.52) 0.466
Retrospective 8 92.5 <0.001 Random 0.73(0.32,1.69) 0.590

PSM
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ago. Finally, the follow-up duration was quite short in several
included studies, and we did not synthesize the evidence to assess
the relative differences in the long-term survival outcomes
because of the limited number of studies that provided the data.

Despite these limitations, there are several strengths in our
study. Our research was conducted at an appropriate time
because this problem urgently needs to be resolved and
sufficient clinical research has accumulated in recent decades
to permit analysis. In the present study, relying on the PRISMA,
we strictly adhered to the established inclusion and exclusion
criteria, carefully assessed the quality of the included literature,
and further performed subgroup and sensitivity analyses to
Frontiers in Oncology | www.frontiersin.org 11
minimize heterogeneity differences. Therefore, the reliability
and the stability of our results are guaranteed.
CONCLUSION

This meta-analysis showed that NHT prior to RP appeared to
reduce the pathological tumor stage, PSMs rate, and risk of BCR
in patients with PCa. Altogether, based on our data, NHTmay be
more suitable for older patients with high PCa clinical stages.
The clinical application of NHT on PCa should carefully
consider potential risks and benefits to ensure maximizing
TABLE 4 | Continued

Analysis specification No. of studies Study heterogeneity Effects model Pooled OR/SMD (95% CI) P-Value

I2 (%) Pheterogeneity

Overall 19 91.4 <0.001 Random 0.44(0.29,0.67) <0.001
Geographical region
Asia 13 81.8 <0.001 Random 0.32(0.19,0.51) <0.001
Non-Asia 6 87.2 <0.001 Random 0.82(0.52,1.29) 0.396

Year of publication
≥2014 11 94.4 <0.001 Random 0.42(0.24,0.73) 0.002
<2014 8 62 0.010 Random 0.46(0.27,0.77) 0.003

No. of patients
≥200 9 95.6 <0.001 Random 0.41(0.23,0.76) 0.004
<200 10 64.3 0.003 Random 0.48(0.28,0.81) 0.006

Study design
Prospective 5 67.5 0.015 Random 0.43(0.24,0.78) 0.006
Retrospective 14 93 <0.001 Random 0.44(0.26,0.72) 0.001

BCR
Overall 6 77.8 <0.001 Random 0.47(0.26,0.83) 0.009
Year of publication
≥2014 4 60.1 0.057 Random 0.33(0.20,0.53) <0.001
<2014 2 0 0.682 Fixed 1.04(0.59,1.84) 0.892

No. of patients
≥200 3 87.0 <0.001 Random 0.42(0.20,0.89) 0.024
<200 3 46.5 0.154 Random 0.56(0.24,1.32) 0.185

Study design
Prospective 2 0 0.895 Fixed 0.80(0.42,1.52) 0.497
Retrospective 4 81.6 0.001 Random 0.37(0.19,0.73) 0.004
February 2021 | Volume 10 | Articl
FIGURE 6 | Funnel plots to explore publication bias in the estimates of perioperative variables: (A) advanced age; (B) p-PSA; (C) clinic tumor stage. No significant
publication bias was found.
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treatment benefits. Given the inherent limitations of the included
studies, additional well-designed RCTs with proper inclusion
and exclusion criteria are required to confirm our findings.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
AUTHOR CONTRIBUTIONS

LZ: Project development and manuscript writing. BW: Data
management. HZ: Data collection. ZZ: Data collection. JY:
Frontiers in Oncology | www.frontiersin.org 12
Data analysis, data management. YF: Data analysis, data
management. All authors contributed to the article and
approved the submitted version.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2020.
615801/full#supplementary-material

Supplementary Figure 1 | Risk of bias graph (up: risk of bias graph; down: risk
of bias summary), all of the trials were rated with low risk of bias.

Supplementary Table 1 | Quality assessment of cohort studies included in this
meta-analysis.
REFERENCES

1. Rebbeck TR. Prostate Cancer Genetics: Variation by Race, Ethnicity, and
Geography. Semin Radiat Oncol (2017) 27(1):3–10. doi: 10.1016/
j.semradonc.2016.08.002

2. Oksala R, Moilanen A, Riikonen R, Rummakko P, Karjalainen A, Passiniemi
M, et al. Discovery and development of ODM-204: A Novel nonsteroidal
compound for the treatment of castration-resistant prostate cancer by
blocking the androgen receptor and inhibiting CYP17A1. J Steroid Biochem
Mol Biol (2019) 192:105115. doi: 10.1016/j.jsbmb.2018.02.004

3. Tafuri A, Cerruto MA, Antonelli A. Neoadjuvant strategies before radical
prostatectomy for high risk prostate cancer in the era of new hormonal agents.
Curr Drug Targets (2020) 22(1):68–76. doi: 10.2174/1389450121666200
621194409

4. Pan J, Chi C, Qian H, Zhu Y, Shao X, Sha J, et al. Neoadjuvant
chemohormonal therapy combined with radical prostatectomy and
extended PLND for very high risk locally advanced prostate cancer: A
retrospective comparative study. Urol Oncol (2019) 37(12):991–8. doi:
10.1016/j.urolonc.2019.07.009

5. Enokida H, Yamada Y, Tatarano S, Yoshino H, Yonemori M, Sakaguchi T,
et al. Oncological outcome of neoadjuvant low-dose estramustine plus LHRH
agonist/antagonist followed by extended radical prostatectomy for Japanese
patients with high-risk localized prostate cancer: a prospective single-arm
study. Jpn J Clin Oncol (2020) 50(1):66–72. doi: 10.1093/jjco/hyz138

6. Aliberti A, Bada M, Rapisarda S, Natoli C, Schips L, Cindolo L. Adherence to
hormonal deprivation therapy in prostate cancer in clinical practice: a
retrospective, single-center study. Minerva Urol Nefrol (2019) 71(2):181–4.
doi: 10.23736/S0393-2249.18.03109-0

7. Sayyid RK, Evans A, Hersey K, Maloni R, Hurtado-Coll A, Kulkarni G, et al. A
Phase II, Randomized, Open-Label Study of Neoadjuvant Degarelix versus
LHRH Agonist in Prostate Cancer Patients Prior to Radical Prostatectomy.
Clin Cancer Res (2017) 23(8):1974–80. doi: 10.1158/1078-0432.CCR-16-1790

8. Narita T, Koie T, Ookubo T, Mitsuzuka K, Narita S, Yamamoto H, et al. The
impact of extended lymph node dissection versus neoadjuvant therapy with
limited lymph node dissection on biochemical recurrence in high-risk
prostate cancer patients treated with radical prostatectomy: a multi-
institutional analysis. Med Oncol (2017) 34(1):1. doi: 10.1007/s12032-016-
0859-0

9. Hata S, Shin T, Abe S, Kawano K, Sato R, Kai T, et al. Degarelix as a
neoadjuvant hormonal therapy for acute urinary tract toxicity associated with
external beam radiotherapy for intermediate- and high-risk prostate cancer: a
propensity score matched analysis. Jpn J Clin Oncol (2020) 2:hyaa163. doi:
10.1093/jjco/hyaa163
FIGURE 7 | Funnel plots to explore publication bias in the estimates of postoperative variables: (A) EBL; (B) OT; (C) PSMs; (D) BCR; (E) pathological tumor stage;
(F) specimen GS; (G) LNI. No significant publication bias was found.
February 2021 | Volume 10 | Article 615801

https://www.frontiersin.org/articles/10.3389/fonc.2020.615801/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.615801/full#supplementary-material
https://doi.org/10.1016/j.semradonc.2016.08.002
https://doi.org/10.1016/j.semradonc.2016.08.002
https://doi.org/10.1016/j.jsbmb.2018.02.004
https://doi.org/10.2174/1389450121666200621194409
https://doi.org/10.2174/1389450121666200621194409
https://doi.org/10.1016/j.urolonc.2019.07.009
https://doi.org/10.1093/jjco/hyz138
https://doi.org/10.23736/S0393-2249.18.03109-0
https://doi.org/10.1158/1078-0432.CCR-16-1790
https://doi.org/10.1007/s12032-016-0859-0
https://doi.org/10.1007/s12032-016-0859-0
https://doi.org/10.1093/jjco/hyaa163
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Effect of NHT on PCa Before RP
10. Rijksen BLT, Pos FJ, Hulshof MCCM, Vernooij RWM, Jansen H, van Andel G,
et al. Variation in the Prescription of Androgen Deprivation Therapy in
Intermediate- and High-risk Prostate Cancer Patients Treated with
Radiotherapy in the Netherlands, and Adherence to European Association
of Urology Guidelines: A Population-based Study. Eur Urol Focus (2019)
S2405-4569(19) 30346–3. doi: 10.1016/j.euf.2019.11.005

11. Kim SH, Park EY, Joo J. Effect of Neoadjuvant Hormone Therapy on
Resection Margin and Survival Prognoses in Locally Advanced Prostate
Cancer after Prostatectomy Using Propensity-Score Matching. Biomed Res
Int (2018) 2018:4307207. doi: 10.1155/2018/4307207

12. McKay RR, Montgomery B, Xie W, Zhang Z, Bubley GJ, Lin DW, et al. Post
prostatectomy outcomes of patients with high-risk prostate cancer treated
with neoadjuvant androgen blockade. Prostate Cancer Prostatic Dis (2018) 21
(3):364–72. doi: 10.1038/s41391-017-0009-6

13. Aus G, Abrahamsson PA, Ahlgren G, Hugosson J, Lundberg S, Schain M, et al.
Three-month neoadjuvant hormonal therapy before radical prostatectomy: a
7-year follow-up of a randomized controlled trial. BJU Int (2002) 90(6):561–6.
doi: 10.1046/j.1464-410X.2002.02982.x

14. Soloway MS, Pareek K, Sharifi R, Wajsman Z, McLeod D, Wood DP Jr, et al.
Neoadjuvant androgen ablation before radical prostatectomy in cT2bNxMo
prostate cancer: 5-year results. J Urol (2002) 167(1):112–6. doi: 10.1016/
S0022-5347(05)65393-1

15. Yang SW, Song KH, Lim JS, Sul CK. Neoadjuvant hormonal therapy
preceding radical prostatectomy for clinically localized prostate cancer:
early postoperative complications and biochemical recurrence. Korean J
Urol (2011) 52(1):19–23. doi: 10.4111/kju.2011.52.1.19

16. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP,
et al. The PRISMA statement for reporting systematic reviews and meta-
analyses of studies that evaluate healthcare interventions: explanation
and elaboration. BMJ (Clinical Res ed.) (2009) 339:b2700. doi: 10.1136/
bmj.b2700

17. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ (Clinical Res ed.) (2011) 343:d5928. doi: 10.1136/bmj.d5928

18. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol
(2010) 25(9):603–5. doi: 10.1007/s10654-010-9491-z

19. Chen MC, Kilday PS, Elliott PA, Artenstein D, Slezak J, Jacobsen SJ, et al.
Neoadjuvant Leuprolide Therapy with Radical Prostatectomy: Long-term
Effects on Health-related Quality of Life. Eur Urol Focus (2020) S2405-4569
(20):30072–9. doi: 10.1016/j.euf.2020.03.001

20. Tosco L, Laenen A, Briganti A, Gontero P, Karnes RJ, Albersen M, et al. The
survival impact of neoadjuvant hormonal therapy before radical
prostatectomy for treatment of high-risk prostate cancer. Prostate Cancer
Prostatic Dis (2017) 20(4):407–12. doi: 10.1038/pcan.2017.29

21. Miyata Y, Nakamura Y, Yasuda T, Matsuo T, Ohba K, Furusato B, et al.
Neoadjuvant hormonal therapy for low-risk prostate cancer induces
biochemical recurrence after radical prostatectomy via increased
lymphangiogenesis-related parameters. Prostate (2017) 77(14):1408–15. doi:
10.1002/pros.23402

22. Matsumoto T, Hatakeyama S. Cost-effectiveness comparison between
neoadjuvant chemohormonal therapy and extended pelvic lymph node
dissection in high-risk prostate cancer patients treated with radical
prostatectomy: a multi-institutional analysis. Med Oncol (2017) 34:
(12):190. doi: 10.1007/s12032-017-1050-y

23. Hu JC, Hung SC, Ou YC. Assessments of Neoadjuvant Hormone Therapy
Followed by Robotic-Assisted Radical Prostatectomy for Intermediate- and
High-Risk Prostate Cancer. Anticancer Res (2017) 37(6):3143–50. doi:
10.21873/anticanres.11672

24. Williams SB, Davis JW, Wang X, Achim MF, Zurita-Saavedra A, Matin SF,
et al. Neoadjuvant Systemic Therapy Before Radical Prostatectomy in High-
Risk Prostate Cancer Does Not Increase Surgical Morbidity: Contemporary
Results Using the Clavien System. Clin Genitourin Cancer (2016) 14(2):130–8.
doi: 10.1016/j.clgc.2015.10.008

25. Koie T, Mitsuzuka K, Yoneyama T, Narita S, Kawamura S, Kaiho Y, et al.
Neoadjuvant luteinizing-hormone-releasing hormone agonist plus low-dose
estramustine phosphate improves prostate-specific antigen-free survival in
Frontiers in Oncology | www.frontiersin.org 13
high-risk prostate cancer patients: a propensity score-matched analysis. Int J
Clin Oncol (2015) 20(5):1018–25. doi: 10.1007/s10147-015-0802-y

26. Takeda T, Miyajima A, Kaneko G, Kikuchi E, Nakagawa K, Oya M. Androgen
deprivation therapy improves pneumoperitoneum time during laparoscopic
radical prostatectomy in Japanese patients with enlarged prostates. Asian J
Endosc Surg (2014) 7(2):145–51. doi: 10.1111/ases.12084

27. Stewart SB, Cheville JC, Sebo TJ, Frank I, Boorjian SA, Thompson RH, et al.
Gleason grading after neoadjuvant hormonal therapy retains prognostic value
for systemic progression following radical prostatectomy. Prostate Cancer
Prostatic Dis (2014) 17(4):332–7. doi: 10.1038/pcan.2014.30

28. Yamamichi F, Shigemura K, Morishita S, Yamanaka K, Tanaka K, Miyake H,
et al. Significance of neoadjuvant hormonal therapy in radical retropubic
prostatectomy: a retrospective single-surgeon study. Yonsei Med J (2013) 54
(2):410–5. doi: 10.3349/ymj.2013.54.2.410

29. Naiki T, Kawai N, Okamura T, Nagata D, Kojima Y, Akita H, et al.
Neoadjuvant hormonal therapy is a feasible option in laparoscopic radical
prostatectomy. BMC Urol (2012) 12:36. doi: 10.1186/1471-2490-12-36

30. Li-qun Z, Kun Y, Lin C, Gang S, Yi S, Li-ning C, et al. Effect of neoadjuvant
hormone therapy on pathological parameters and PSA relapse-free survival of
localized prostate cancer patients. Chin J Urol (2009) 30(11):765–8. doi:
10.3760/cma.j.issn.1000-6702.2009.11.014

31. Gao X, Zhou T, Tang YJ, Lu X, Sun YH. Neoadjuvant hormonal deprivation
for patients undergoing radical prostatectomy. Asian J Androl (2009) 11
(1):127–30. doi: 10.1038/aja.2008.16

32. Pu XY, Wang XH, Wu YL, Wang HP. Comparative study of the impact of 3-
versus 8-month neoadjuvant hormonal therapy on outcome of laparoscopic
radical prostatectomy. J Cancer Res Clin Oncol (2007) 133(8):555–62. doi:
10.1007/s00432-007-0204-2

33. Maldonado-Valadez R, Teber D, Erdogru T, Safi KC, Frede T, Rassweiler J.
The impact of neoadjuvant hormonal therapy on the outcome of laparoscopic
radical prostatectomy: a matched pair analysis. J Urol (2006) 175(6):2092–6.
doi: 10.1016/S0022-5347(06)00260-6

34. Namiki S, Saito S, Tochigi T, Kuwahara M, Ioritani N, Yoshimura K, et al.
Impact of hormonal therapy prior to radical prostatectomy on the recovery of
quality of life. Int J Urol (2005) 12(2):173–81. doi: 10.1111/j.1442-2042.
2005.01014.x

35. Goldenberg SL, Klotz LH, Srigley J, Jewett MA, Mador D, Fradet Y, et al.
Randomized, prospective, controlled study comparing radical prostatectomy
alone and neoadjuvant androgen withdrawal in the treatment of localized
prostate cancer. Canadian Urologic Oncology Group. J Urol (1996) 156(3):873–7.
doi: 10.1016/S0022-5347(01)65645-3

36. DeSantis CE, Miller KD. Cancer statistics for African Americans, 2019. CA
Cancer J Clin (2019) 69(3):211–33. doi: 10.3322/caac.21555

37. Sanda MG, Cadeddu JA, Kirkby E, Chen RC, Crispino T, Fontanarosa J, et al.
Clinically Localized Prostate Cancer: AUA/ASTRO/SUO Guideline. Part I: Risk
Stratification, Shared Decision Making, and Care Options. J Urol (2018) 199
(3):683–90. doi: 10.1016/j.juro.2017.11.095

38. Zhang L, Wu B, Zha Z, Zhao H, Yuan J, Jiang Y, et al. Surgical margin status
and its impact on prostate cancer prognosis after radical prostatectomy: a
meta-analysis.World J Urol (2018) 36(11):1803–15. doi: 10.1007/s00345-018-
2333-4

39. Teo MY, Rathkopf DE, Kantoff P. Treatment of Advanced Prostate Cancer.
Annu Rev Med (2019) 70:479–99. doi: 10.1146/annurev-med-051517-011947

40. Hu J, Hsu J, Bergerot PG, Yuh BE, Stein CA, Pal SK. Preoperative therapy for
localized prostate cancer: a comprehensive overview. Maturitas (2013) 74
(1):3–9. doi: 10.1016/j.maturitas.2012.10.012

41. Tosco L, Laenen A, Gevaert T, Salmon I, Decaestecker C, Davicioni E, et al.
Neoadjuvant degarelix with or without apalutamide followed by radical
prostatectomy for intermediate and high-risk prostate cancer: ARNEO, a
randomized, double blind, placebo-controlled trial. BMC Cancer (2018) 18
(1):354. doi: 10.1186/s12885-018-4275-z

42. McAllister MJ, Underwood MA, Leung HY, Edwards J. A review on the
interactions between the tumor microenvironment and androgen receptor
signaling in prostate cancer. Trans Res J Lab Clin Med (2019) 206:91–106. doi:
10.1016/j.trsl.2018.11.004

43. Langenhuijsen JF, van Lin EN, Hoffmann AL, Spitters-Post I, Alfred Witjes J,
Kaanders JH, et al. Neoadjuvant androgen deprivation for prostate volume
February 2021 | Volume 10 | Article 615801

https://doi.org/10.1016/j.euf.2019.11.005
https://doi.org/10.1155/2018/4307207
https://doi.org/10.1038/s41391-017-0009-6
https://doi.org/10.1046/j.1464-410X.2002.02982.x
https://doi.org/10.1016/S0022-5347(05)65393-1
https://doi.org/10.1016/S0022-5347(05)65393-1
https://doi.org/10.4111/kju.2011.52.1.19
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1016/j.euf.2020.03.001
https://doi.org/10.1038/pcan.2017.29
https://doi.org/10.1002/pros.23402
https://doi.org/10.1007/s12032-017-1050-y
https://doi.org/10.21873/anticanres.11672
https://doi.org/10.1016/j.clgc.2015.10.008
https://doi.org/10.1007/s10147-015-0802-y
https://doi.org/10.1111/ases.12084
https://doi.org/10.1038/pcan.2014.30
https://doi.org/10.3349/ymj.2013.54.2.410
https://doi.org/10.1186/1471-2490-12-36
https://doi.org/10.3760/cma.j.issn.1000-6702.2009.11.014
https://doi.org/10.1038/aja.2008.16
https://doi.org/10.1007/s00432-007-0204-2
https://doi.org/10.1016/S0022-5347(06)00260-6
https://doi.org/10.1111/j.1442-2042.2005.01014.x
https://doi.org/10.1111/j.1442-2042.2005.01014.x
https://doi.org/10.1016/S0022-5347(01)65645-3
https://doi.org/10.3322/caac.21555
https://doi.org/10.1016/j.juro.2017.11.095
https://doi.org/10.1007/s00345-018-2333-4
https://doi.org/10.1007/s00345-018-2333-4
https://doi.org/10.1146/annurev-med-051517-011947
https://doi.org/10.1016/j.maturitas.2012.10.012
https://doi.org/10.1186/s12885-018-4275-z
https://doi.org/10.1016/j.trsl.2018.11.004
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Effect of NHT on PCa Before RP
reduction: the optimal duration in prostate cancer radiotherapy.Urol Oncol (2011)
29(1):52–7. doi: 10.1016/j.urolonc.2009.03.024

44. Gandaglia G, Sun M, Trinh QD. Survival benefit of definitive therapy in
patients with clinically advanced prostate cancer: estimations of the number
needed to treat based on competing-risks analysis. BJU Int (2014) 114(6b):
E62–9. doi: 10.1111/bju.12645

45. Ma BL, Yao L, Fan Y, Wang Y, Meng YS, Zhang Q, et al. Short-term benefit of
neoadjuvant hormone therapy in patients with localized high-risk or limited
progressive prostate cancer. Cancer Manage Res (2019) 11:4143–51. doi:
10.2147/CMAR.S196378
Frontiers in Oncology | www.frontiersin.org 14
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Zhang, Zhao, Wu, Zha, Yuan and Feng. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
February 2021 | Volume 10 | Article 615801

https://doi.org/10.1016/j.urolonc.2009.03.024
https://doi.org/10.1111/bju.12645
https://doi.org/10.2147/CMAR.S196378
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Impact of Neoadjuvant Hormone Therapy on Surgical and Oncological Outcomes for Patients With Prostate Cancer Before Radical Prostatectomy: A Systematic Review and Meta-Analysis 
	Introduction
	Materials and Methods
	Search Strategy
	Inclusion and Exclusion Criteria
	Data Extraction and Study Quality
	Statistical Analysis

	Results
	Search Results
	Characteristics of Included Studies
	Methodological Quality Assessment
	Meta-Analysis of Perioperative Variables
	Meta-Analysis of Postoperative Variables
	Subgroup Analysis
	Publication Bias and Sensitivity Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


