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Introduction

Prostate cancer (PCa) accounts for the highest number 
of newly diagnosed cancer cases among elderly men in 
developed countries (1). China and other developing 

countries are also recording annual increases in PCa 

incidence because of an upsurge in the aging population 

and changes in dietary patterns. PCa, therefore, represents 

a significant public global health concern (2). Unlike other 
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forms of cancer, patients with localized PCa (characterized 
by the absence of an identifiable regional lymph node or 
distant metastasis) generally have a longer survival period (3).  
Consequently, the choice of an appropriate therapeutic 
strategy to reduce the risks of mortality and recurrence 
while improving the quality of life for PCa patients is of 
critical importance. According to the American National 
Academy of Medicine, the comparative efficiency of 
contemporary treatment options for localized PCa has 
been a top research priority (4). Currently, most of the 
patients diagnosed with prostate-specific antigen (PSA)-
detected PCa undergo conventional radical treatment 
encompassing either RP or radiotherapy (5). Prostatectomy 
(RP) is the standard of surgical treatment of localized 
PCa and entails the removal of the prostate and seminal 
vesicles, with or without pelvic lymphadenectomy (6,7). 
Radiotherapy involves a combination of external-beam 
radiation therapy (EBRT), androgen deprivation therapy 
(ADT), and brachytherapy (BT) (8). Nevertheless, BT 
with implantation of radioisotopes such as iodine-125 or 
palladium-103 is regarded as the recommended alternative 
for PCa treatment. BT is given as a single dose and is cost-
effective, making it a safe and feasible treatment option for 
outpatients (9). However, surveillance or active monitoring 
with deferred radical treatment is the most conservative 
option and can circumvent the need for an immediate 
and potentially unnecessary intervention (10). The lack 
of substantial information on the safety of this option, 
however, has limited its application. The Scandinavian 
Prostate Cancer Group 4 trial (SPCG-4) showed that RP 
decreased the risk of metastases and mortality rates from 
both PCa and any other cause (11). After an additional 
3-year follow-up, the SPCG-4 was more confident that 
RP reduced the mortality rate of death PCa patients (12).  
However, the first randomized comparison of active 
monitoring and radical treatment by the Prostate Testing 
for Cancer and Treatment (ProtecT) reported that surgery 
was not effective for patients with PSA-detected cancer (1).  
Although radical treatment gives patients a survival 
advantage, it is associated with side-effects such as urinary 
incontinence and erectile dysfunction, which may have 
a long-term impact on the quality of life (4,13). To our 
knowledge, there is currently no sufficient evidence 
demonstrating the superiority of either RP or BT on both 
oncologic results and patient-reported outcomes (PRO). 
This study is thus the first highly comprehensive and up-to-
date meta-analysis and systematic review on this subject.

Methods

Literature search

A systematic literature search was performed using reports 
published in PubMed, EMBASE, and Cochrane Library 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses checklist (PRISMA). The 
search strategy involved a combination of the following 
medical subject headings (Mesh) keywords and free words: 
((((prostate cancer) OR neoplasia) OR malignancy)) 
AND (((((((((((Prostatectomies) OR Prostatectomies, 
Suprapubic) OR Suprapubic Prostatectomies) OR 
Suprapubic Prostatectomy) OR Prostatectomy, Retropubic) 
OR Prostatectomies,  Retropubic) OR Retropubic 
Prostatectomies) OR Retropubic Prostatectomy) OR 
"Prostatectomy" [Mesh])) AND ((((((((((((((((Radioisotope 
Brachytherapy) OR Curietherapy) OR Brachytherapy, 
Radioisotope) OR Plaque Therapy, Radioisotope) OR 
Radioisotope Plaque Therapy) OR Therapy, Radioisotope 
Plaque) OR Surface Radiotherapy) OR Radiotherapy, 
Surface) OR Radiotherapy, Intracavity) OR Intracavity 
Radiotherapy) OR Radiotherapy, Interstitial) OR Interstitial 
Radiotherapy) OR Radiotherapy, Implant) OR Implant 
Radiotherapy)) OR "Brachytherapy" [Mesh])). We also 
hand-searched the articles included in our reference list.

Selection and exclusion criteria

This study comprises publications that met the following 
criteria: (I) prospective or retrospective studies including 
full text or meeting abstract; (II) patients with localized PCa 
in the studies initially with RP or BT as major treatments; 
(III) studies providing data about the PRO and oncological 
outcomes of patients after BT or RP; (IV) articles published 
in English and involving human participants. The exclusion 
criteria were as follows: (I) reviews, abstracts, or letters; 
(II) studies with ambiguous results; (III) articles that could 
not be accessed. If either the timing or sources of the study 
population overlapped in 2 or more publications by the 
same authors, our review only included the most recent 
study or the study with the highest number of participants. 

Quality assessment

Two reviewers (P Zhang and B Qian) independently 
assessed the quality of the study and the risk of bias of the 
included studies. The criteria detailed in the Cochrane 
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Handbook 5.1.0 was used to evaluate randomized controlled 
trials (RCT), reporting of blinding, allocation concealment, 
withdrawals, and loss to follow-up. The nine-star 
Newcastle-Ottawa scale (NOS) quality assessment scale was 
used to evaluate the quality of comparative observational 
studies, for which a higher score indicated a better study 
quality (14). The quality of the research was estimated from 
the selection of study groups, comparability of groups, and 
assessment of outcomes; studies of the highest quality were 
awarded up to 9 stars. Any disagreements were resolved by 
consensus. 

Data extraction 

Data were independently retrieved by 2 investigators, 
P Zhang, B Qian. Any discrepancies between the 2 
investigators’ tallies were settled by incorporating a third 
investigator, JW Shi. For each study included, we extracted 
information including the name of the first author, year 
of publication, study design, country, the number of study 
participants, the clinical stage of patients, the value of 
PSA, the number of PCa-specific mortalities (PCSMs), 
biochemical recurrence, urinary incontinence, sexual 
dysfunction, and PRO of urinary incontinence post-
treatment. Biochemical recurrence (PSA >0.2 ng/mL for 
PR or PSA > nadir +2 ng/mL for BT) marked the primary 
endpoint of the study. The secondary endpoint was either 
urinary incontinence characterized by the need for one or 
more pads a day or sexual dysfunction defined by patients 
with postoperative International Index of Erectile Function 
(IIEF)-5 <17.

Statistical analysis 

The odds ratio (OR) reflected the association between the 
choice of treatment and the risk of biochemical recurrence. 
The OR also indicated the association between the 
treatments and the risk of either urinary incontinence or 
sexual dysfunction. Review Manager Version 5.3 software 
(Cochrane Collaboration, Oxford, UK) designed for 
composing Cochrane Reviews, was employed for meta-
analysis while the Chi-square test was used to assess 
statistical heterogeneity. The frequencies of biochemical 
recurrence, urinary incontinence, and erectile dysfunction 
following either prostatectomy or BT were determined 
using a fixed-effect pairwise meta-analysis. Random effects 
analysis was performed in case a significant statistical 
heterogeneity was observed. The I² statistic was used as an 

indicator of percentage heterogeneity among studies and 
was interpreted as follows: I2<50%, low heterogeneity; 50–
75%, moderate heterogeneity; >75%, high heterogeneity. 
The funnel plot asymmetry  was used to assess the 
publication bias of a meta-analysis that included more than 
10 studies.

Results

Literature search

Following a screening of the available databases, 1,756 
potentially relevant publications were identified, including 
1,486 from PubMed, 121 from EMBASE, and 149 from 
Cochrane Library. In total, 18 articles identified as duplicate 
search results were omitted, 1,702 studies were excluded by 
scanning titles and abstracts, and full texts of 36 citations 
were obtained. All the remaining articles, including their 
respective references, were carefully read according to the 
predefined inclusion and exclusion criteria. Ultimately, 25 
studies were selected for the present meta-analysis. A flow 
diagram detailing the literature selection process is shown 
in Figure 1. 

Clinical characteristics of included studies

A total of 2 RCT and 22 comparative observational studies 
were included in this analysis. In the studies, a total of 
61,752 patients underwent primary radical treatment, with 
45,002 being treated by RP and 16,750 by BT. Further 
characterization of the included studies is detailed in Table 1  
(15-29). All the studies were published within the last 2 
decades. In terms of country of publication, 12 studies were 
conducted in the USA, while the remaining 13 studies were 
conducted in China, Spain, Italy, Canada, France, Germany, 
and The Netherlands. The number of participants in each 
treatment cohort varied from 93 to 41,395. The maximum 
follow-up period for most of the groups in the meta-analysis 
was 13 years; 6 studies followed up patients for 5 years, 
and 3 studies followed up for 6 years. The other studies 
followed up patients ranging from one and a half years to 
12 years. Most of the included studies were retrospective 
with a low evidence level. As a result, additional statistical 
analysis based on these data was performed.     

Quality of included studies

Cochrane collaborative tools were used to assess the risk of 
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Figure 1 The flow chart of the selection process.
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bias in the RCTs, and the results are presented in Figures 2,3. 
The NOS score adapted for prospective and retrospective 
cohort studies ranged from 5 to 7. The results are displayed 
in Table 1. The overall quality of all the studies was medium, 
and the highest score was 9.

Prostate cancer-specific mortality (PCSM) 

Out of the 25 studies included, only Arvold et al., Potters 
et al., and Tward et al. reported PCSM while the remaining 
22 studies compared BCR, urinary incontinence rate, and 
erectile dysfunction rate between RP and BT groups. A 
total of 51,713 patients were included in the studies. The 
results of this study showed that the PCSM rates of the 
2 groups were 1.1% for RP and 0.5% for BT (OR =1.62; 
95% CI: 0.86–3.04), and there was no significant difference 
between the 2 groups (P=0.13, I2=59%) (Figure 4). The 
funnel plot showed that there were no significant deviations 
in PCSM rates.

Biochemical recurrence rate (BCR)

Estimation of the BCR of the 2 groups incorporated a total 
of 8,385 patients. The results showed that the BCR of the 2 
groups was 16.8% and 15.9%, respectively (OR =1.24, 95% 
CI: 0.91–1.68, P=0.17). There was no statistically significant 

difference between the BCR of the 2 groups (P=0.17, 
I2=77%, Figure 5). To further explore the heterogeneity 
among studies investigating the patients with BCR after 
these 2 treatments, we performed meta-regression analysis 
across various factors, including the sample size and follow-
up years of studies, and the time of the studies conducted, 
and we found these factors were not significantly associated 
with the heterogeneity (Figure 6). The funnel plot in  
Figure 7 shows no significant deviation in BCR between the 
2 groups.

Urinary incontinence rate

A total of 6 studies reported the urinary incontinence 
rate, and a total of 1,468 patients were enrolled in the 
reviews. The urinary incontinence rates in the RP and BT 
groups were 21.8% and 9.7%, respectively (OR =4.62; 
95% CI: 2.33–9.16). Significant differences in the urinary 
incontinence rate of the 2 groups were recorded (P<0.0001, 
I2=48%, Figure 8).

Erectile dysfunction rate

The erectile dysfunction rate was obtained from 6 studies 
comprising a total of 1,001 patients. The meta-analysis 
showed that the erectile dysfunction rate in the RP and BT 
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groups was 54.5% and 31.5%, respectively (OR =2.06; 95% 
CI: 1.15–3.70), and the difference between the 2 groups was 
statistically significant (P=0.002, I2=74%, Figure 9). 

PRO of urinary incontinence

The PRO of urinary incontinence using Expanded Prostate 
Cancer Index Composite (EPIC) scores between RP and 
BT had a standard mean difference of (SMD) of −11.52 
(95% CI: −18.32–4.72). Significant differences in the EPIC 
scores of the 2 groups were recorded (P=0.0009, I2=87%, 
Figure 10). 

PRO of sexual function

A total of 6 studies on PRO of sexual function were 
included in this meta-analysis. The results of this analysis 
showed that sexual function scores between the RP and BT 
groups had an SMD of −5.62 and a 95% CI of −13.82–2.57. 
There was no significant difference in sexual functionality 
between the 2 groups (P=0.18, I2=89%) (Figure 10). 

Publication biases

The BCR funnel plot for RP and BT is presented in Figure 11.  
A general overview of the image indicated that the 
distribution of each study in the triangle was relatively 
symmetrical. To be certain, we also used the Begg’s test to 
evaluate and verify the statistical symmetry of the funnel 
plot by calculating the P value. The results are shown in 
Figure 12. P<0.05 is regarded as a significant publication 
bias. The result reveals that the funnel plot was statistically 
symmetrical.  There was, therefore, no significant 
publication bias in the study.

Discussion

PCa is the second most prevalent malignant tumor in 
men worldwide (30,31). Prostatectomy (RP), the current 
standard treatment for PCa patients, is highly effective 
in tumor control. However, RP has been associated with 
several adverse effects, such as the possibility of impaired 
sexual and urinary function, which decreases the quality of 
life for PCa patients (32). Consequently, several alternatives 
to PR, such as active surveillance, EBRT plus ADT, 
and BT, have been proposed. However, whether active 

Figure 2 Risk of bias graph.
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Figure 4 Forest plot of the PCSM rate between RP and BT. PCSM, prostate cancer-specific mortality; RP, radical prostatectomy; BT, 
brachytherapy.

Figure 5 Forest plot of BCR rate between RP and BT. BCR, biochemical recurrence rate; BT, brachytherapy.

Figure 6 The meta-regression for follow-up years and BCR rate. 
BCR, biochemical recurrence rate.

Figure 7 Funnel plot for primary outcome (BCR rate). BCR, 
biochemical recurrence rate.
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surveillance improves the survival and quality of life of 
patients remains to be explored (1,12). The EBRT plus 
ADT treatment option has often been compared with RP, 
and various studies concluded that EBRT plus ADT could 
have the same tumor control effect as RP. This treatment 

option, however, demanded a long period of hospitalization 
and caused several complications including radiocystitis, 
urethrostenosis, intestinal dysfunction and irritability, and 
osteoporosis. Subsequently, some patients preferred the 
more convenient and economical BT which did not require 
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Figure 8 Forest plot of the urinary incontinence rate between RP and BT. RP, radical prostatectomy; BT, brachytherapy.

Figure 9 Forest plot of the erectile dysfunction rate between RP and BT. RP, radical prostatectomy; BT, brachytherapy.

Figure 10 Forest plot of the PRO of urinary incontinence. PRO, patient-reported outcomes.

Figure 11 Forest plot of the PRO of sexual dysfunction. PRO, patient-reported outcomes.
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Figure 12 Begg’s test for the studies investigating BCR rate. BCR, 
biochemical recurrence rate.
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hospitalization. BT was reported to have an oncologic 
control capacity similar to that of RP, and better functional 
preservation than RP, while different studies reported the 
opposite outcome (33). From the perspectives of most 
doctors, the relative merits of BT and RP have not yet been 
made apparent. This uncertainty motivated the design of 
our review which compared the effectiveness of BT and RP 
on tumor control and functional preservation. This study 
forms the first highly comprehensive and up-to-date meta-
analysis that simultaneously compares the oncological and 
functional outcomes of these 2 treatments. 

This meta-analysis compared the BCR and PCSM 
rates of patients treated by BT versus those treated by 
RP. No significant differences in both the BCR (OR: 
1.24; 95% CI: 0.91, 1.68) and PCSM (OR: 1.62; 95% CI: 
0.86, 3.04) between the 2 therapies were noted during the 
observation period. Previous studies have reported that 
BT selectively kills tumor cells with little effect on healthy 
tissues and was, therefore, a minimally invasive therapy 
for PCa. However, it has been reported that BT does 
not remove both the prostate gland and the surrounding 
potentially oncogenic tissues as thoroughly as RP does (34).  
Our findings indicated that BT was superior to RP on 
functional preservation. Our results revealed that patients 
treated via BT had much higher sexual dysfunction and 
urinary incontinence rates than those treated by BT in 
both short-term post-operative reports (OR: 2.06; 95% 
CI: 1.15, 3.70 and OR: 4.62; 95% CI: 2.33, 9.16) and long-
term PRO (OR: −5.62; 95% CI: −13.81, 2.57 and OR: 
−11.52; 95% CI: −18.32, −4.72), which was consistent with 
the expectations of many urologists and radiologists. RP 
involving the removal of the prostate and seminal vesicles 
is highly demanding for both surgeons and patients. Even 

surgeons who have performed thousands of prostatectomies 
may still damage the neurovascular bundle which is 
crucial to urinary and sexual function. One reason for the 
difficulty of this treatment is the anatomical complexity 
of the neurovascular bundle potentially being be attached 
to the prostate. In this condition, the prostate cannot be 
removed entirely without damaging the neurovascular 
bundles (35). Even after strictly adhering to the nerve-
sparing RP suggested by Walsh, about 30% of patients 
suffered sexual dysfunction after the surgery. The failure 
indicated that the surgeon’s knowledge about the anatomy 
of the neurovascular bundles was still insufficient, and the 
distribution of these bundles may not be limited to the side 
and back of the prostate, as described by Walsh (36). The 
neurovascular bundles could also be located at the front part 
of the prostate (37). For patients, at clinical stages, T2c, 
T3, or greater, or Gleason score >7, preservation of the 
neurovascular bundle was not recommended in cases where 
the positive margin could be found in the pathological 
report (38). Also, for patients where the preoperative 
evaluation allowed for the preservation of the neurovascular 
bundles, the localization of a tumor invasion on the pelvis 
fascia meant that neurovascular bundles should equally be 
removed (39). For this reason, it was difficult to protect the 
crucial neurovascular bundles during RP, especially due to 
the anatomical variations among patients. Other factors 
thought to be related to urinary incontinence include 
posterior fascia reconstruction, preservation of the bladder 
neck during surgery, and regular exercise of pelvic floor 
muscles (40). These factors further increase the complexity 
of RP, with surgeons expected to do their best to of 
preserve both the urinary and sexual functions of patients. 
On the contrary, BT provides a rapid dose diffusion at a 
distance from the radioactive source. As a result, the tissues 
surrounding the tumor are only exposed to limited doses of 
radiation and are thus protected from the immense damage 
that characterizes RP (41). A combination of these factors 
may explain why patients treated by BT could obtain better 
functional preservation than those treated with RP. To 
enhance the reliability and comprehensiveness of our study, 
we also integrated the PRO on the urinary incontinence 
and sexual function using EPIC scores. No significant 
differences between the 2 treatment options were observed 
in sexual function scores, but significant differences were 
observed in urinary incontinence scores. This may be 
explained by the fact that even though BT is a relatively 
minimally invasive treatment and causes less injury to the 
normal tissues compared to RP, the patients inevitably 
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suffer from impairment in physical, cognitive, and social 
functions owing to persistent discomfort and complications 
such as bowel irritation which exert a negative effect on 
sexual function (22).

We included studies from different researchers treating 
patients in variable conditions, and a vast discrepancy was, 
therefore, predictable. Variations in age, race, and clinical 
stages of patients, preoperative serum concentration of 
PSA, the Gleason scores, preoperative urinary and sexual 
function, the surgeons’ expertise in RP, the forms of RP 
adopted by surgeons, and implantation quality of BT could 
all lead to diverse outcomes. It has been reported that the 
patients diagnosed with PCa at a younger age may have 
poorer tumor differentiation which may lead to an adverse 
prognosis (42). Another example is that the patients with 
clinical stage ≤ T2 were reported to have better outcomes in 
the BCR rate than that of patients with clinical stage ≥ T3 
after RP (43). Moreover, after RP, the BCR rate for patients 
with Gleason scores of 4+3 was believed to be higher 
than that of patients with the Gleason scores of 3+4 (44).  
In addition, the forms of RP could be divided into 
intrafascial, interfascial, and extrafascial ones, sharing the 
same name but actually leading to distinct outcomes in 
tumor control and functional preservation (45). Compared 
to the laparoscope, the use of the da Vinci surgical robot 
for radical prostatectomy (RP) in some qualified hospitals 
may also generate variability, owing to sufficient exposure 
and a shorter learning curve (46). Another possible cause 
of this discrepancy could be the use of different statistical 
methods by the various researchers of our included studies. 
For instance, we observed different definitions of BCR. 
Some researchers reported that patients might experience 
BCR when PSA >0.5 ng/mL following BT, while others 
thought that PSA should exceed the PSA nadir +2.0 ng/mL. 
The observed discrepancy may contribute to a statistical 
difference and, thus, influence the findings of our study.

The present study indicates that BT is superior to RP in 
the preservation of urinary continence and sexual function, 
while it is similar in tumor control capacity; this does not 
suggest that BT is a perfect replacement for surgery since this 
study did not explore other aspects like the bowel irritation 
involved in these 2 treatments. Another additional factor 
that needs to be examined is the effect on the intestinal tract, 
mostly reported by patients receiving BT. Moreover, the 
studies included in this review are from 1999 to 2019, which 
was a significant period. Within these 2 decades, significant 
advances in both techniques and instrumentation have been 
achieved. Currently practicing urologists have, for instance, 

witnessed the transition from open RP to robotic-assisted RP, 
which offers better preservation of both urinary and sexual 
function. The outcomes of our study should, therefore, be 
verified by conducting larger RCTs that incorporate more 
contemporary techniques. 

Limitations 

There are several limitations to this study. Firstly, most of 
the included studies were either case series or prospective 
cohort studies, and both case-control and randomization 
were absent in most of the included studies. Secondly, 
irritation of the intestinal tract, another crucial complication 
of BT, was not involved in our article, but this factor can 
greatly influence the quality of life of patients. Owing to the 
lack of comparative data in this field, the conclusions of this 
study may be limited. Further standardized studies involving 
large cohorts and randomized design should, therefore, be 
conducted to obtain more accurate results.   

Conclusions

BT for PCa was associated with a similar risk of PCSM 
and BCR compared with RP, and a lower incidence 
of sexual dysfunction and urinary incontinence. This 
study tentatively confirms BT as an alternative to RP 
for patients seeking a curative treatment with minimal 
risks of urinary incontinence and sexual dysfunction. 
Additionally, more large samples and multi-center studies 
with standardized reports of perioperative parameters 
and clinical outcomes are needed for further evaluation 
in the future.
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