
Heesterman et al. BMC Cancer          (2023) 23:398  
https://doi.org/10.1186/s12885-023-10842-1

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Cancer

Radical prostatectomy versus external 
beam radiotherapy with androgen deprivation 
therapy for high-risk prostate cancer: 
a systematic review
Berdine L. Heesterman1, Katja K. H. Aben1,2*, Igle Jan de Jong3, Floris J. Pos4 and Olga L. van der Hel1 

Abstract 

Background To summarize recent evidence in terms of health-related quality of life (HRQoL), functional and onco-
logical outcomes following radical prostatectomy (RP) compared to external beam radiotherapy (EBRT) and androgen 
deprivation therapy (ADT) for high-risk prostate cancer (PCa).

Methods We searched Medline, Embase, Cochrane Database of Systematic Reviews, Cochrane Controlled Trial 
Register and the International Standard Randomized Controlled Trial Number registry on 29 march 2021. Comparative 
studies, published since 2016, that reported on treatment with RP versus dose-escalated EBRT and ADT for high-risk 
non-metastatic PCa were included. The Newcastle–Ottawa Scale was used to appraise quality and risk of bias. A quali-
tative synthesis was performed.

Results Nineteen studies, all non-randomized, met the inclusion criteria. Risk of bias assessment indicated low 
(n = 14) to moderate/high (n = 5) risk of bias. Only three studies reported functional outcomes and/or HRQoL using 
different measurement instruments and methods. A clinically meaningful difference in HRQoL was not observed. All 
studies reported oncological outcomes and survival was generally good (5-year survival rates > 90%). In the majority 
of studies, a statistically significant difference between both treatment groups was not observed, or only differences 
in biochemical recurrence-free survival were reported.

Conclusions Evidence clearly demonstrating superiority in terms of oncological outcomes of either RP or EBRT com-
bined with ADT is lacking. Studies reporting functional outcomes and HRQoL are very scarce and the magnitude of 
the effect of RP versus dose-escalated EBRT with ADT on HRQoL and functional outcomes remains largely unknown.
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Background
Radical prostatectomy (RP) and external beam radio-
therapy (EBRT) combined with Androgen deprivation 
therapy (ADT) are widely used treatment modalities for 
high-risk localized prostate cancer (PCa). To date there 
is no consensus on which of both is the optimal treat-
ment for men with high-risk PCa, as high-level evidence 
is lacking [1]. The only high-quality, well-known rand-
omized controlled trial (RCT) comparing RP with EBRT 
is the ‘Prostate Testing for Cancer and Treatment’ (Pro-
tecT) trial. The purpose of this trial, in which patients 
were enrolled between 1999 and 2009, was to compare 
oncological outcomes and side effects of RP, EBRT and 
active monitoring for, mainly low-risk localized, PCa 
detected by PSA screening. Only 2% of men included in 
the ProtecT trial had high-risk PCa [2, 3]. PCa-specific 
survival (PCSS) was excellent in all treatment groups 
(approximately 99% at 10 years) and there was no signifi-
cant difference in PCa-related deaths per 1000 person-
years. With respect to functional outcomes, the greatest 
negative impact was seen after RP and concerned in par-
ticular a decline in sexual function and urinary inconti-
nence. Decreased bowel function and irritative urinary 
symptoms were more often reported following EBRT, but 
were usually temporary. A difference in general health-
related quality of life (HRQoL) was not observed. The 
results of ProtecT cannot be generalized to high-risk 
patients, as treatment for high-risk PCa differs from 
treatment for low- to intermediate-risk PCa. In the latter 
group, nerve sparing surgery is often possible while this 
is generally not the case in high-risk PCa. In addition, 
in men with low- or intermediate-risk PCa treated with 
EBRT, no ADT or only short-term ADT is advised, while 
long-term ADT is recommended in case of high-risk PCa 
[4].

Two small RCTs compared RP with a radiation-based 
approach in men with localized-locally advanced PCa 
[5, 6]. Patients were recruited from 1989–1993 and from 
1996–2001. No statistically significant differences in 
PCSS between both treatment groups were observed, 
however with fewer than 100 patients enrolled in each 
study, both studies were underpowered for oncologi-
cal outcomes. In addition, treatment techniques have 
evolved, therefore results are not generalizable to con-
temporary practice. Currently, the ‘Scandinavian Sur-
gery Versus Radiotherapy for Locally Advanced Prostate 
Cancer’ (SPCG-15) trial is the only randomized study 
comparing RP and EBRT in men with locally advanced 
PCa. The study is still recruiting and given disappointing 
accrual it will be some time before endpoints (including 
PCSS and HRQoL) will be reported [7, 8].

Thus, randomized studies comparing RP with a radi-
ation-based approach are scarce and the existing trials 

either enrolled a different patient population or were 
underpowered and are outdated. Next to these rand-
omized trials, multiple observational studies have been 
published comparing RP with a radiation-based approach 
in the treatment of high-risk PCa. We conducted a sys-
tematic review to summarize the results of recent evi-
dence in terms of HRQoL, functional and oncological 
outcomes following RP compared to a radiation-based 
approach in high-risk PCa. In view of advances in surgi-
cal and radiation-based treatment of high-risk PCa, we 
focused on studies published from 2016 onwards.

Methods
For reporting the results of our review, we followed the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRIMSA) guidelines (supplementary 
information p. 1–2) [9] Medline, Embase, Cochrane 
Database of Systematic Reviews, Cochrane Controlled 
Trial Register and the International Standard Rand-
omized Controlled Trial Number (ISRCTN) registry 
were systematically searched on 29 March 2021 for 
studies published from 2016 onwards. The search strat-
egy is provided in the supplementary information (p. 3). 
Search results were combined and duplicate publications 
were removed. Comparative studies (RCTs, cohort and 
case–control studies) reporting on treatment with RP 
compared to dose-escalated EBRT and ADT for high-
risk nonmetastatic PCa were included if at least 100 
patients participated in the study. Patient series without 
comparison groups, editorials, reviews, commentaries, 
conference abstracts without publications and articles in 
languages other than Dutch or English were excluded.

The population of interest consisted of patients of any 
age, diagnosed with de novo high-risk nonmetastatic 
PCa. High-risk PCa was defined as ≥ cT2c, cN0/1, cM0, 
ISUP grade 4–5 and/or PSA > 20  ng/ml. This allowed 
both studies using the European Association of Urol-
ogy (EAU) risk classification (high-risk: ≥ cT2c, ISUP 
grade ≥ 4 or PSA > 20  ng/ml) and studies using the 
National Comprehensive Cancer Network (NCCN) 
risk classification (high- or very high-risk: ≥ cT2c, ISUP 
grade ≥ 4 or PSA > 20 ng/ml) to be included. RP could be 
performed via an open, laparoscopic or robot-assisted 
surgical approach, as no approach is currently recom-
mended over another [10]. Furthermore, RP could poten-
tially be part of multimodality therapy with adjuvant RT 
and/or (neo)adjuvant ADT. Dose-escalated EBRT was 
defined as a biologically effective dose (BED) converted 
to 2 Gy fractions (EQD2) of at least 74 Gy. In addition, a 
brachytherapy boost, could be given [10]. There were no 
requirements with regard to the radiotherapy technique 
used (e.g. three-dimensional conformal radiotherapy and 
intensity modulated radiotherapy). In both treatment 
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groups, pelvic lymph node dissection (PLND) could be 
performed for staging purposes. The primary outcome 
measures were HRQoL and functional outcomes. Sec-
ondary outcome measures included biochemical recur-
rence-free survival (BCRFS), clinical recurrence-free 
survival (cRFS), distant metastasis-free survival (DMFS), 
PCa-specific survival (PCSS) and overall survival (OS).

Title, abstract and full-text screening were performed 
independently by OLH and BLH. In case of different 
assessment, consensus was reached by discussion. For 
all included studies, details on study design, recruitment 
period, number of included patients, mean or median 
age, tumor characteristics (e.g. clinical T-stage, Gleason 
Score and PSA), treatment details (e.g. surgical approach 
and radiation dose), mean or median follow-up time 
and primary and secondary outcome measures were 
extracted by OLH and/or BLH. The Newcastle–Ottawa 

Scale was used to appraise the quality and risk of bias of 
included studies [11, 12]. A follow-up period of 3  years 
was considered sufficient for the primary outcome meas-
ures (HRQoL and functional outcomes), but in case only 
secondary outcome measures were reported, 5 years was 
considered the minimum acceptable follow-up length. 
Appraisal was done independently by OLH and BLH 
and once again disagreement was resolved by discussion. 
Studies with a total score of ≥ 7 were considered to have 
low risk of bias while studies with a score of ≤ 6 were con-
sidered to be at moderate to high risk of bias.

Results
Study selection process
The study selection process is illustrated in Fig. 1. In total, 
3,827 records were identified, of which 2,437 remained 
after removal of duplicate records. Following title and 

Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRIMSA) flow diagram.

* Studies comparing cost- and/or cost-effectiveness of RP with radiation-based treatment for high-risk PCa, were initially selected as well, but 
eventually excluded to emphasize patient-relevant outcomes
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abstract review, 2,322 records were excluded and 115 
full-text articles were assessed for eligibility. Ninety-six 
full-text articles were excluded, with reasons such as: no 
(separate) results for high-risk PCa reported, use of ADT 
in EBRT group unknown, inadequate radiation dose/
no radiation dose information provided and abstract 
only. Finally, 19 studies were included in the qualitative 
synthesis.

Narrative description of included studies
All included studies (Table  1) were non-randomized 
studies, comprising of one prospective population-
based cohort study [13], four retrospective population-
based cohort studies [14–17], 10 single-institution 
retrospective cohort studies [18–27], two multicenter 
retrospective cohort studies [28, 29] and two studies 
in which data for the two treatment groups came from 
different (institutional) databases [30, 31]. Both cohort 
studies for which data were collected retrospectively 
from electronic medical records and studies that ana-
lyzed data from existing (institutional) databases were 
considered retrospective. The number of included 
patients varied from approximately 100 to 40,000 and 
the median follow-up time ranged from approximately 
3 to 10 years. Most studies (n = 11) used the NCCN def-
inition of high-risk PCa [15–17, 21–27, 29], two studies 
used the EAU definition [14, 20] and in the remain-
ing studies other definitions were used (e.g. Gleason 
score ≥ 8) [13, 18, 19, 28, 30, 31]. The mean/median age 
was approximately 65  years in most studies. However, 
patients treated with RP were generally younger than 
patients treated with a radiation-based approach. Infor-
mation on the surgical approach used was reported in 
13 studies [13, 17, 19–27, 29, 31]. In most cases, RP was 
performed via an open or robot assisted procedure, 
while a conventional laprascopic approach was less 
commonly used. The percentage of surgically treated 
patients who received (neo)adjuvant ADT ranged from 
0–36% and the percentage of patients who received 
adjuvant radiotherapy ranged from 0–44%. Except in 
one study where a substantially higher percentage of 
surgically treated patients received (neo)adjuvant ther-
apy (ADT: 60% and radiotherapy: 90%). With regard to 
the applied radiotherapy technique, information was 
reported in 11 studies [13, 18–22, 24, 26, 27, 29, 31] 
and intensity modulated radiotherapy was most often 
used. The median biologically effective dose (BED) con-
verted to 2 Gy fractions (EQD2) was provided or could 
be calculated (assuming an α/β of 1.5  Gy and assum-
ing a dose per fraction of 2 Gy in one study where this 
dose was not reported) in seven studies and ranged 
from 74-80  Gy. In three studies all patients received 
an EQD2 ≥ 74  Gy, in seven studies this percentage 

could not be determined precisely but ranged from 24 
up to 100% and in the remaining two studies sensitiv-
ity analysis were conducted in a subset of patients who 
received a radiation dose of ≥ 79 Gy. The percentage of 
patients treated with ADT in addition to EBRT ranged 
from 69–100% and exceeded 90% in all but four stud-
ies. Three studies reported functional outcomes and/or 
HRQoL [13, 23, 25] and all studies reported oncological 
outcomes [13–31].

Risk of Bias
Appraisal using the Newcastle–Ottawa Scale indicated 
low risk of bias in 14 studies and moderate to high risk 
of bias in the remaining five studies (Table 2). Regarding 
patient selection, it should be noted that the selection of 
the RP and EBRT cohorts differed in three studies, poten-
tially introducing selection bias [26, 30, 31]. In these 
three studies the RP and EBRT cohorts were selected 
from different sources (institutional database versus 
national cancer registry), different hospitals or different 
exclusion criteria were applied. With respect to com-
parability between both treatment groups, most stud-
ies (n = 15) used some method to control for potential 
confounders and of those, nine studies used a propen-
sity score method. Nevertheless, bias due to residual 
and/or unmeasured confounding will still be an issue. 
Most potential quality issues that were encountered, 
were related to the assessment of outcome(s), the fol-
low-up length or the adequacy of follow-up. Details on 
how the outcome (e.g. distant metastases-free survival) 
was assessed was often lacking or not clearly described 
(n = 10). Follow-up length was insufficient (n = 7) or little 
information was provided on follow-up schedules and/or 
completeness of follow-up (n = 12).

Health‑related quality of life and functional outcomes
Three studies reported functional outcomes and/
or HRQoL, collected in different ways [13, 23, 25]. 
In the first study, patient reported outcome meas-
ures (PROMS) were collected prospectively [13]. In 
the second, historic cohort study, PROMS were col-
lected during routine clinical care and available for 
approximately 50% of the study population [23]. The 
third study reported 10-year cumulative incidence 
of ≥ grade 3 genitourinary (GU) and gastrointestinal 
(GI) toxicity (defined according to the Common Ter-
minology Criteria for Adverse Events version 4.03) 
and retrieved the information from electronic health 
records [25]. Despite the use of different measurement 
instruments and methods, in general it can be con-
cluded that GU toxicity and sexual dysfunction were 
more often reported after RP (Table 3). In contrast, GI 
toxicity was more often reported after EBRT, although 
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reported differences were not clinically relevant in all 
studies. In addition, hormonal function was reduced 
during treatment with ADT [13, 23, 25]. With regard 
to general HRQoL, measured with the short from (SF)-
36 validated questionnaire, a clinically important dif-
ference between RP and EBRT combined with ADT 
was not observed [13].

Oncological outcomes
All 19 studies reported oncological outcomes. In both 
treatment groups, PCSS and OS were generally good, 
with most studies reporting five-year OS and PCSS 
rates of well over 90% (Table 4). With regard to differ-
ences in oncological outcomes between surgery and 
radiation-based treatment, results varied. Most studies 

Table 2 Newcastle-Ottawa scale for risk of bias assessment of included studies

*A follow-up period of 3 years was considered sufficient for the primary outcome measures (HRQoL and functional outcomes), but in case only secondary outcome 
measures (e.g. BCRFS, cRFS, OS) were reported, 5 years was considered the minimum acceptable follow-up length

Table 3 Primary outcome measures in included studies

Abbreviations: ADT Androgen Deprivation Therapy, BT Brachytherapy, EPIC Expanded Prostate Cancer Index Composite, GI Gastrointestinal, GU Genitourinary, HRQoL 
Health related quality of life, MCID Minimal Clinically Important Difference, RFAS Rectal Function Assessment Scale, RP Radical Prostatectomy, RT Radiotherapy, SF-36 
Short Form-36, SHIM) Sexual Health Inventory in Men

Author (year) Treatment Outcome: HRQoL

Ciezki (2017) [25] RP ± RT ± ADT 10 yr cumulative incidence of ≥ grade3 GU and GI toxicity: 16.4% and 1.0%

EBRT ± ADT 10 yr cumulative incidence of ≥ grade3 GU and GI toxicity: 8.1% and 4.6%

Hoffman (2020) [13] RP EPIC: EBRT + ADT vs RP at 3yrs (higher scores indicate a better function):

- Sexual function score: 9.1 (3.5–14.8) – MCID: 10–12

- Urinary incontinence score: 21.8 (17.1–26.6) – MCID: 6–9

- Urinary Irritative score: 1.1 (-1.6; 3.7) – MCID: 5–7

- Bowel function score: -1.6 (-4.3;1.2) – MCID: 4–6

- Hormone function score: -0.2 (-3.0; -2.6) – MCID: 4–6

SF-36: EBRT + ADT vs RP at 3yrs (higher scores indicate a better function):

- Physical Function score: -4.8 (-9.0; -0.7) – MCID: 7

- Emotional Wellbeing score: -1.7 (-4.4; 1.1) – MCID: 6

- Energy/Fatigue score: -3.4 (-6.7; -0.2) – MCID: 9

EBRT + ADT see RP

Tward (2020) [23] RP ± RT ± ADT Difference from baseline at 24–42 months: SHIM (sexual dysfunction, lower is worse): -10
AUA-SS (urinary obstruction and irritation, higher is worse):-2.6
RFAS (bowel problems, higher is worse): 1.6

EBRT + ADT Difference from baseline at 24–42 months: SHIM:-10.5, AUA-SS: -0.7; RFAS: 2.0

EBRT + BT + ADT Difference from baseline at 24–42 months: SHIM:-7, AUA-SS: -1.4; RFAS: 1.7
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Table 4 Secondary outcome measures in included studies

Author (year) Outcome measures Treatment Oncological outcome

Aas (2017) [14] PCSM, OM RP 10 yr PCSM (95%CI): Localized: 4.9% (1.8–10.2), Advanced: 
6.5% (1.1–18.2); 10 yr OM (95%CI): Localized: 17.8% (11.6–26.8), 
Advanced: 9.7% (3.2–27.1)

RT ± ADT 10 yr PCSM (95%CI):Localized: 7.6% (4.9–11.1), Advanced: 9.2% 
(6.8–12.0); 10 yr OM (95%CI): Localized: 20.1% (15.9–25.2), 
Advanced: 24.5% (20.9–28.6)

Andic (2019) [18] BCRFS, DMFS, PCSS, OS RP ± RT ± ADT 5 yr BCRFS (95%CI): 38.5% (20.1–56.9); 5 yr DMFS (95%CI): 
90.9% (82.4–99.4); 5 yr PCSS(95%CI): 96.9% (90.8–100.0); 5 yr OS 
(95%CI): 87.2% (76.6–97.9)

EBRT ± ADT 5 yr BCRFS (95%CI): 78.1% (66.7–89.5); 5 yr DMFS (95%CI): 
89.5% (81.4–97.6); 5 yr PCSS (95%CI): 94.1% (87.2–100.0); 5 yr 
OS (95%CI): 86.8% (77.2–96.3)

Baker (2016) [19] BCRFS, DM RP ± RT ± ADT 5 yr DM rate: 7.8%; Cheng et al.: EBRT vs RP: 5 yr BCRFS: 57.7%, 
HR = 0.35 (0.11–1.13)

EBRT ± ADT 5 yr DM rate: 2%, Cheng et al.: 5 yr BCRFS: 92.8%

Berg (2019) [15] OS RP ± RT ± ADT RP vs EBRT + BT: HR (95%CI): 0.82 (0.70–0.96)

EBRT + BT ± ADT EBRT + BT vs RP: HR (95%CI): 1.22 (1.05–1.43)

Cano-Velasco (2019) [20] PCSS, OS RP 5 yr PCSS: 95.7%; 5 yr OS: 92.4%; RP vs EBRT- HR (95%CI):0.48 
(0.48–1.50)

EBRT + ADT 5 yr PCSS 97%; 5 yr OS: 89.2%

Ciezki (2017) [25] BCRFS, cRFS, PCSM, GI and GU 
toxicity (EHR data)

RP ± RT ± ADT 5 yr BCRFS (95%CI): 65% (61–68); 5 yr cRFS (95%CI): 89% (86–
91); 5 yr PCSM (95%CI): 2.8% (1.7–3.9); bRFS—RP vs EBRT: HR 
(95%CI): 1.43 (1.19–1.79); cRFS—RP vs EBRT: HR (95%CI): 0.72 
(0.54–0.97); PCSM—RP vs EBRT: HR (95%CI): 0.50 (0.32–0.77)

EBRT ± ADT 5 yr BCRFS (95%CI): 74% (70–77); 5 yr cRFS (95%CI): 85% 
(83–88); 5 yr PCSM (95%CI): 5.3% (3.6–7.1)

Emam (2020) [26] BCRFS, DMFS, PCSS, OS RP ± RT ± ADT 5 yr BCRFS 36%; 5 yr DMFS 77%; 3 yr PCSS 98%; 3 yr OS 97%

EBRT ± ADT 5 yr BCRFS 75%; 5 yr DMFS 91%; 3 yr PCSS 98%; 3 yr OS 94%

Ennis (2018) [16] OS RP See EBRT + ADT/ EBRT + BT ± ADT

EBRT + ADT EBRT + ADT vs RP: HR (95%CI):1.53 (1.22–1.92) and 1.33 (1.05 
-1.68) in the ≥ 7920 cGy subgroup

EBRT + BT ± ADT EBRT + BT ± ADT vs RP: HR (95%CI):1.17 (0.88–1.55)

Gunnarsson (2019) [30] PCSS, OS RP ± RT ± ADT 5 yr PCSS: 95.3%, 5 yr OS: 90.8%; At the end of the study period 
PCSM was 10%

EBRT ± BT ± ADT 5 yr PCSS 94.3%, 5 yr OS: 90.7%; At the end of the study period 
the PCSM was 15%; HR (95%CI): 2.01(1.17–3.43), p = 0.011

Hayashi (2020) [21] BCRFS, OS RP ± ADT BCRFS improved in EBRT compared to RP group (p < 0.001); OS: 
no statistically significant difference

EBRT ± ADT See RP

Hoffman (2020) [13] EPIC score, SF-36 score, PCSS, OS RP 5 yr PCSS: 99.5% (98.8, 100); 5 yr OS: 97.7% (96.2, 99.2)

EBRT + ADT 5 yr PCSS: 99.0% (97.7, 100); 5 yr OS: 91.8% (88.2, 95.6)

Kishan (2018) [28] DM, PCSM, OS RP ± RT ± ADT See EBRT + ADT / EBRT + BT ± ADT

EBRT ± ADT DM: EBRT vs RP HR (95%CI): 0.90(0.70–1.14); PCSM: EBRT vs RP 
HR (95%CI): 0.92 (0.67–1.26); OS: EBRT vs RP, ≤ 7.5 yr: HR(95%CI): 
1.07 (0.80–1.44); > 7.5 yr: HR (95%CI): 1.34 (0.85–2.11)

EBRT + BT ± ADT DM: EBRT + BT vs RP HR (95%CI): 0.27 (0.17–0.43); PCSM: 
EBRT + BT vs RP HR (95%CI): 0.38 (0.21–0.68); OS: EBRT + BT vs 
RP ≤ 7.5 yr: HR (95%CI): 0.66 (0.46–0.96), > 7.5 yr: HR (95%CI): 
1.16 (0.70–1.92)

Koo (2018) [29] BCRFS, DMFS, PCSS, OS RP 5 yr BCRFS: 3.7%; 5 yr DMFS: 33.3%;5 yr PCSS: 98%; 5 yr OS: 
93.3%

EBRT ± ADT 5 yr BCRFS: 22.8%; 5 yr DMFS: 41.7%; 5 yr PCSS: 99.2%; 5 yr OS: 
92.1%;

Markovina (2017) [22] DMFS, OS RP ± RT ± ADT 5 yr DM: 33%

EBRT ± ADT 5 yr DM: 8.9%; EBRT vs RP: DMFS: HR (95%CI): 0.23 (0.07–0.71); 
OS: HR (95%CI): 1.58 (0.56–4.48)
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(n = 6) concluded that surgical and radiation-based 
treatment are similar with respect to oncological out-
comes [13, 17, 20, 23, 29, 31], or only reported more 
favorable BCRFS (n = 5) after treatment with EBRT 
and ADT (no difference in DMFS/PCSS/OS) [18, 
21, 24, 26, 27]. Four studies reported more favorable 
results after RP compared to EBRT with ADT [14–16, 
25], although in one of these studies this was no longer 
the case when RP was compared to EBRT and brachy-
therapy (with or without ADT) [16]. Two studies 
reported more favorable results after EBRT with ADT 
versus RP [19, 22]. Kishan et al. concluded that treat-
ment with EBRT, brachytherapy and ADT was pre-
ferred over RP and over EBRT with ADT [28]. Finally, 
Gunnarson et  al. observed better survival outcomes 
after triple treatment with RP, EBRT and ADT com-
pared to EBRT with ADT [30].

Discussion
Curative treatment options currently recommended 
for localized high-risk PCa include RP, possibly as part 
of multi-modal therapy, and radiation based treatment 

combined with ADT [10]. There is substantial variation 
between individual hospitals in the utilization of both 
treatment options that is not explained by patient- and 
tumor characteristics or patient preferences [32]. The 
lack of high-level comparative evidence, absence of con-
sensus regarding the optimal treatment for patients with 
high-risk PCa, the fact that neither treatment is recom-
mended over the other in current guidelines and differ-
ent definitions of high-risk PCa (e.g. EAU versus NCCN) 
contribute to this unwarranted clinical variation [33]. In 
this review, we have summarized the existing compara-
tive evidence in terms of HRQoL, functional and onco-
logical outcomes.

Several systematic reviews and meta-analysis have 
already been published on this topic, based on which 
treatment with RP appears to be more favorable in 
terms of OS and PCSS [1, 34–37]. However, many stud-
ies included in these reviews were published in de late 
1990’s or early 2000’s and the eligibility criteria used 
were less stringent (e.g. no requirements were set regard-
ing the radiation dose). Consequently, results have been 
included from studies in which the treatment(s) used are 

Abbreviations: ACM All-cause mortality, ADT Androgen Deprivation Therapy, BCRFS Biochemical Recurrence-Free Survival, BT Brachytherapy, cRFS Clinical Relapse-Free 
Survival, DMFS Distant Metastases-Free Survival, EBRT External Beam Radiotherapy, LR Local Recurrence, OM Overall Mortality, OS Overall Survival, PCSM Prostate 
Cancer-Specific Mortality, PCSS Prostate Cancer-Specific Survival, RP Radical Prostatectomy, RT Radiotherapy

Table 4 (continued)

Author (year) Outcome measures Treatment Oncological outcome

Reichard (2019) [27] BCR, LR, DMF,OS RP ± RT ± ADT 5 yr BCR (95%CI): 40.8% (34.6–47.6); 5 yr LR (95%CI): 13.1% 
(9.3–18.3); 5 yr DMF (95%CI): 6% (3.6–10.2); 5 yr OS (95%CI): 
95.7% (92–97.8) RP vs RT & ADT- LR: HR (95%CI): 2.7 (1.0–7.9); 
DMF: HR (95%CI): 2.5 (0.8–1.8); OS: HR (95%CI): 1.35 (0.4–4.8)

RT + ADT 5 yr BCR (95%CI): 13.2% (7.0–23.8); 5 yr LR (95%CI): 7.4% 
(3.1–16.8); 5 yr DMF (95%CI): 7.3% (3.1–16.7); 5 yr OS (95%CI): 
98.5% (89.7–99.8)

Robinson (2018) [17] PCSM RP 10 yr PCSM: 8.9%

EBRT ± ADT 10 yr PCSM: 13.7%; RT vs RP HR (95%CI): 1.03 (0.81–1.31)

Tilki (2019) [31] PCSM, ACM RP ± EBRT ± ADT 5 yr PCSM (95%CI)—RP: 21.89% (17.07–27.82); RP + EBRT: 
3.93% (1.35–11.19); RP + ADT: 27.04% (20.39–35.32) maxRP: 
9.83% (3.82–24.02) AHR (95%CI), MaxRT (ref ); RP: 2.80 (1.26–
6.22); RP + EBRT: 0.52 (:0.14–1.98); RP + ADT: 3.15 (1.32–7.55); 
maxRP: 1.33 (0.49–3.64) 5 yr ACM (95%CI)—RP: 26.55% 
(22.02–34.43); RP + EBRT:12.26% (6.58–22.20); RP + ADT: 
36.88%(28.53–44.76); MaxRP: 15.85% (8.27–29.19) AHR (95%CI), 
MaxRT (ref ); RP: 1.65 (0.94–2.91); RP + EBRT: 0.70 (0.31–1.57); 
RP + ADT: 2.33 (1.23–4.42) MaxRP:0.80 (0.36–1.81)

EBRT + BT + ADT (maxRT) 5 yr PCSM (95%CI): 2.22% (0.91–5.37); 5 yr ACM (95%CI): 6.79% 
(4.40–10.40)

Tward (2020) [23] HRQoL (SHIM, AUA-SS, IPSS, 
SHIM, RFAS after 2003) DMFS, OS

RP ± RT ± ADT 5 yr DMFS: 83.1%; 5 yr OS: 92.8%;

EBRT + ADT 5 yr DMFS: 74.6%; 5 yr OS: 79.1%

EBRT + BT + ADT 5 yr DMFS: 94.8%; 5 yr OS: 87.7% DMFS: EBRT + BT + ADT vs 
EBRT + ADT: AHR: 0.42, p = 0.13; EBRT + BT + ADT vs RP: AHR: 
0.46, p = 0.11 OS: no significant difference between surgery/
RT regimen

Yamamoto (2016) [24] BCRFS RP 5 yr BCRFS: 37.3%

EBRT + ADT 5 yr BCRFS: 81.3% (p < 0.001)
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now considered suboptimal. For example, technological 
advances in radiation treatment delivery have enabled 
dose-escalation, which is currently considered the stand-
ard-of-care. Dose-escalation and technological advanced 
are associated with improved BCRFS, DMFS, PCSS, OS 
and reduced toxicity [38–42]. Regarding RP, the introduc-
tion of the robot-assisted procedure and centralization 
of care in high-volume hospitals are important develop-
ments. Although both developments are associated with 
improved perioperative outcomes, improvements in 
functional and oncological outcomes (e.g. DMFS, PCSS 
and OS) have not been demonstrated [43–45].

In the majority of studies included in the current 
review, a significant difference in oncological outcomes 
between treatment with RP and EBRT combined with 
ADT was not observed. In addition, five year OS and 
PCSS were generally good. Therefore, differences in 
functional outcomes and HRQoL are arguably impor-
tant. Few studies reported these outcomes after treat-
ment for high-risk PCa with RP compared to EBRT and 
ADT. Genitourinary toxicity and sexual dysfunction 
were reported more frequently after RP while gastroin-
testinal toxicity and reduced hormonal function were 
more common after EBRT combined with ADT. Results 
from studies comparing different surgical approaches 
(e.g. robot-assisted versus open RP), more often included 
functional outcomes. In studies specifically focusing on, 
or with a substantial proportion of, patients with high-
risk PCa, erectile function recovery at 12–24  months 
after RARP was reported in 23–60% of patients with 
no erectile dysfunction at baseline. Erectile function 
recovery was defined as no or mild erectile dysfunction 
(International Index of Erectile Function-5 score ≥ 17) 
or erections sufficient for intercourse [46–49]. Urinary 
continence recovery, in most studies defined as the use 
of 0–1 safety pad per day, was reported in 60.5–95% 
[46–48, 50]. In patients with high-risk PCa the additional 
detrimental effect of adjuvant radiation therapy and/or 
ADT on functional outcomes should also be considered 
[51]. In trials comparing different radiation regimens, a 
cumulative 3- to 5-year incidence of grade ≥ 2 and ≥ 3 
GU toxicity of 23–41.3% and 3.5–19% was observed 
after EBRT, respectively. The reported cumulative 3- to 
5-year incidence of grade ≥ 2 and ≥ 3 GI toxicity was 
12.2–23.4% and 1.4–3.3%. In addition, Rodda et  al. 
reported a cumulative incidence of any pad use 5  years 
after treatment of 6.3% and retained or recovered erec-
tile function in 45% of patients with adequate erections 
before treatment. Either the Radiation Therapy Oncology 
Group-European Organisation for Research and Treat-
ment of Cancer (RTOG-EORTC) scoring criteria or the 
Late Effects of Normal Tissue-Somatic, Objective, Man-
agement, Analytic (LENT-SOMA) scale were used to 

score GU- and GI-toxicity and most patients included 
in these trials received (neo)adjuvant androgen depriva-
tion therapy [52–54]. Due to the limited number of stud-
ies directly comparing functional outcomes and HRQoL 
after RP versus EBRT combined with ADT and the use 
of different measurement methods across studies report-
ing these outcomes after either treatment, the magnitude 
of the effect of RP versus EBRT and ADT on functional 
outcomes and HRQoL remains largely unknown. Future 
research efforts, should focus on the effect of different 
treatment options on these outcome measures that are 
highly relevant to patients. In this regard, combination 
therapy of EBRT and brachytherapy should also be con-
sidered, as favorable oncological outcomes of this treat-
ment combination have been reported [28, 55]. However, 
patients treated with EBRT and a brachytherapy boost 
were included in only one of the studies that evaluated 
functional outcomes and HRQoL after RP versus radia-
tion based treatment [23].

Strengths of this review include the specific focus on 
functional outcomes and HRQoL after treatment for 
high-risk PCa. These outcome measures are currently 
under-reported in this patient group, which is confirmed 
by the current review. Furthermore the search strategy 
and eligibility criteria were chosen to provide a compre-
hensive summary of the available studies applicable to 
current clinical practice. Limitations include the fact that 
the studies included in the current review are, except for 
one, retrospective in nature (either using data retrospec-
tively collected from medical records or using data from 
existing databases). In addition, the majority of studies 
were conducted at a single-institution and in many stud-
ies there were potential quality issues in the assessment 
of outcome measures. Although statistical methods were 
applied to control for potential confounders in most stud-
ies, residual and/or unmeasured confounding remains an 
issue. For example, patients with a better performance 
status and fewer comorbidities are more likely to be con-
sidered eligible for RP, which is supported by the generally 
younger age of surgically treated patients. Furthermore, 
inclusion criteria, definitions of high-risk PCa, applied 
surgical and radiotherapy techniques and use of adjuvant 
therapies varied within and across studies. Differences in 
methodology, outcome measures, and the information 
that was reported further contributed to the heterogene-
ity of data, precluding meaningful quantitative synthesis 
and preventing definitive conclusions regarding the opti-
mal treatment for men with high-risk PCa.

Conclusions
High-level comparative evidence regarding surgery ver-
sus radiation-based treatment for high-risk PCa is lacking. 
Multiple, primarily retrospective, observational studies 
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comparing RP with dose-escalated EBRT and ADT in this 
patient population have been published. In the majority of 
studies, no significant differences in oncological outcomes 
(e.g. DMFS, PCSS and OS) between treatment with RP and 
EBRT combined with ADT were observed. Studies report-
ing functional outcomes and HRQoL are very scarce and the 
magnitude of the effect of RP versus dose-escalated EBRT 
with ADT on HRQoL and functional outcomes remains 
largely unknown. Underlining the necessity for RCTs or 
well-designed observational studies investigating differences 
in functional outcomes, HRQoL and to a lesser extent onco-
logical outcomes in the high-risk PCa population.
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