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PURPOSE: Recent advancements in the management of biochemical recurrence (BCR) following local treatment for prostate cancer
(PCa), including the use of androgen receptor signaling inhibitors (ARSIs), have broadened the spectrum of therapeutic options. We
aimed to compare salvage therapies in patients with BCR after definitive local treatment for clinically non-metastatic PCa with
curative intent.

METHODS: In October 2023, we queried PubMed, Scopus, and Web of Science databases to identify randomized controlled trials
(RCTs) and prospective studies reporting data on the efficacy of salvage therapies in PCa patients with BCR after radical
prostatectomy (RP) or radiation therapy (RT). The primary endpoint was metastatic-free survival (MFS), and secondary endpoints
included progression-free survival (PFS) and overall survival (OS).

RESULTS: We included 19 studies (n =9117); six trials analyzed RT-based strategies following RP, ten trials analyzed hormone-
based strategies following RP £ RT or RT alone, and three trials analyzed other agents. In a pairwise meta-analysis, adding hormone
therapy to salvage RT significantly improved MFS (HR: 0.69, 95% Cl: 0.57-0.84, p < 0.001) compared to RT alone. Based on treatment
ranking analysis, among RT-based strategies, the addition of elective nodal RT and androgen deprivation therapy (ADT) was found
to be the most effective in terms of MFS. On the other hand, among hormone-based strategies, enzalutamide + ADT showed the
greatest benefit for both MFS and OS.

CONCLUSIONS: The combination of prostate bed RT, elective pelvic irradiation, and ADT is the preferred treatment for eligible
patients with post-RP BCR based on our analysis. In remaining patients, or in case of post-RT recurrence, especially for those with
high-risk BCR, the combination of ADT and ARSI should be considered.
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INTRODUCTION

While local treatments such as radical prostatectomy (RP) or
radiation therapy (RT) are effective in early-stage prostate cancer
(PCa), 20-40% of patients experience biochemical recurrence
(BCR) [1]. Approximately one-third of patients with BCR already

have detectable metastasis on conventional imaging, which is still
likely underestimated considering the results of studies analyzing
prostate-specific membrane antigen positron emission tomogra-
phy (PSMA-PET) in the BCR setting [2, 3]. Although the majority of
patients with low-risk BCR are unlikely to develop metastases [4],
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high-risk BCR is associated with mortality [5-8], highlighting the
compelling need to improve BCR management.

Current guidelines recommend RT with or without androgen
deprivation therapy (ADT) for patients who experience BCR
following RP [9-11]. In addition, ADT is recommended as an
option for those experiencing BCR after receiving adjuvant,
salvage, or definitive RT. The implementation of androgen
receptor signaling inhibitors (ARSIs) and other agents (e.g.
docetaxel [DOC]) as an effective treatment for advanced PCa,
may also potentially broaden therapeutic choices in BCR [12].
However, despite emerging data, there is a lack of comprehensive
synthesis in the literature to guide clinical decision-making for BCR
treatment. Therefore, we conducted this systematic review, meta-
analysis, and network meta-analysis (NMA) to identify the most
effective salvage therapy strategy for patients with BCR following
definitive local therapy.

METHODS

Our study protocol is registered with the International Prospective
Register ~of  Systemic  Reviews database = (PROSPERO:
CRD42023481828). This meta-analysis adheres to the guidelines
of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement and AMSTAR2 checklist [13, 14].

Study selection and characteristics

On 27 October 2023, a systemic search was conducted across
PubMed, Scopus, and Web of Science to identify randomized
controlled trials (RCTs) and prospective studies reporting data on
the efficacy of salvage therapies in PCa patients with BCR after RP
or RT. The detailed search strategy is shown in Supplementary
Appendix 1. Two investigators independently screened titles and
abstracts for eligibility, followed by full-text reviews of relevant
studies. Manual searches of reference lists of relevant articles were
also carried out to find additional studies of interest. Disagree-
ments were resolved by discussion with co-authors.

Inclusion and exclusion criteria

To formulate our clinical question, we applied the PICO framework
[15]. Our study population included patients with PCa experien-
cing BCR after RP or RT without visible locoregional recurrence or
distant metastasis (Patients). We focused on a wide range of
therapeutic interventions aiming to improve oncologic outcomes,
encompassing various treatment modalities for managing BCR
(Interventions), comparing these interventions against the estab-
lished standard of care (Comparison). The primary outcome of
interest was distant metastasis-free survival (MFS). Secondary
endpoints included progression-free survival (PFS) and overall
survival (OS) (Outcome). PFS includes either BCR or clinical
progression, while MFS focuses solely on the absence of
metastatic disease. Additionally, the definition of BCR and
progression varied across the included studies. These definitions
are detailed in Table 1. We excluded retrospective and single-arm
studies, reviews, editorial comments, replies to authors, and non-
English language articles. Studies involving non-medical com-
pounds were also omitted. Additionally, we excluded studies
comparing different radiation therapy techniques, such as dose
and fraction schedule, to avoid potential confusion and ensure
clearer comparisons across studies.

Data extraction

Two authors independently extracted details on study design,
patient characteristics, inclusion criteria, definition of disease
progression, oncologic outcomes, and adverse events (AEs).
Subsequently, the results of the Kaplan-Meier analyses, hazard
ratios (HRs) with 95% confidence intervals (Cls) from Cox
regression models for PFS, MFS, and OS were retrieved. Studies
providing HR data with detailed statistical measures were included
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in the meta-analysis and NMA. Studies lacking such detailed data
were considered for the systematic review but excluded from the
meta-analysis and NMA. Discrepancies were resolved by con-
sensus with co-authors.

Risk-of-bias assessment

Study quality and risk of bias were assessed using the Risk-of-Bias
version 2 (ROB2) tool as outlined in the Cochrane Handbook for
Systematic Reviews of Interventions (Supplementary Fig. 1) [16].
The presence of confounders was determined by consensus and a
review of the literature. The Risk-of-Bias assessments of each study
were conducted independently by two authors.

Statistical analyses

Standard pairwise meta-analysis. Quantitative data synthesis was
carried out with the R statistical software 4.3.0 (R Foundation for
Statistical Computing, Vienna, Austria). For our calculations, we
followed the methods recommended by the working group of the
Cochrane Collaboration [17]. Based on the likely heterogeneity
across studies, a random-effect model was used for calculations of
HRs [18]. To assess and compare the MFS and OS of different
treatments for BCR, we calculated pooled HRs with 95% Cl using
the “meta” package in R. We utilized forest plots to visualize event
rates and effect measures. In our analysis, the statistical
significance level was set at p < 0.05. The minimum number of
studies to perform a meta-analysis was two. We assessed
heterogeneity using Cochran’s Q test and explored its causes
when significant (p <0.05) [19]. To evaluate the presence of
publication bias, funnel plots were used (Supplementary Fig. 2).
We performed Egger’s test if 10 or more studies were included in
each analysis.

Network meta-analysis. A network meta-analysis (NMA) using
random-effect models with a frequentist approach was carried out
for direct and indirect treatment comparisons [20, 21]. In the
assessment of oncological outcomes, contrast-based analyses
were applied with estimated differences in the log HR and the
standard error calculated from the published HR and 95% Cls [22].
When a three-arm trial reported only two comparisons, we
calculated the additional comparison independently. The relative
effects were presented as HRs and 95% Cls [21]. We also estimated
the relative ranking of the different treatments for each outcome
using the surface under the cumulative ranking (SUCRA) [21].
Network plots were utilized to illustrate the connectivity of the
treatment networks (Supplementary Fig. 3). All statistical analyses
were performed using R version 4.3.0 (R Foundation for Statistical
Computing, Vienna, Austria), utilizing the “netmeta” package in R.

RESULTS

Study selection and characteristics

The search string is presented in Fig. 1. According to the
application of our inclusion and exclusion criteria, a total of 19
RCTs [23-41], comprising 9117 PCa patients with BCR following
definitive local treatments, were selected. The patient character-
istics and their outcomes are detailed in Tables 1 and 2. Eighteen
studies included patients who had undergone RP [23-39, 41]. Of
these, 11 studies [25-28, 30-33, 35, 36, 38] allowed the use of
adjuvant or salvage RT after RP. Seven studies [26, 31-33, 38-40]
included RT as the primary treatment. In the context of RT-based
strategies, most studies investigated the effectiveness of combin-
ing RT with hormone therapy: two on ARSIs [29, 34], two on
bicalutamide (BIC) [24, 41], and two on ADT [37, 42], with one
study [37] also examining elective pelvic node irradiation. In terms
of hormone-based therapies, five studies [26, 28, 31, 33, 36] used
the addition of ARSIs, and two studies [30, 35] combined DOC with
ADT as a primary intervention. Three studies [38-40] investigated
the timing and duration of ADT. The other three studies used
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ADT
ADT androgen deprivation therapy, DOC docetaxel, GS Gleason score, HDR high dose-rate brachytherapy, NA not available, PSA prostate-specific antigen, PSADT prostate-specific antigen doubling time, RCT

randomized controlled trial, RP radical prostatectomy, RT radiation therapy.

[25]
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dutasteride, sipuleucel-T, or exisulind. The definition of BCR and
progression varied among studies. The PROTECT trial [27] defined
BCR as an increase in prostate-specific antigen (PSA) without a
specific threshold, whereas others set different PSA level criteria
(for post-RP: PSA levels above 0.05-1.0 ng/ml; for post-RT: PSA
levels above 1.0-2.0 ng/ml or above nadir + 2.0 ng/ml). Notably,
none of the studies utilized PSMA-PET for metastasis detection; all
used conventional imaging modalities such as CT, bone scan, and
MRI. The median follow-up period ranged from 30 to 112 months.

Due to the heterogeneity among the definitions of PFS, we
conducted only a qualitative synthesis of the data. Therefore,
studies providing only PFS data were excluded from our analyses.
Additionally, among the studies reviewed, two trials [24, 34]
exhibited unique designs that led to their exclusion from our
NMA. In the JCOG0401 trial [24], which compared BIC with RT,
approximately half of the patients in the RT arm received BIC after
randomization. Similarly, the FORMULA 509 trial [34] allowed
pelvic lymph node radiation therapy (PLNRT) for patients with pN1
and offered it as an option for those with pNO. These unique
design elements made it challenging to integrate their results into
the NMA framework.

Risk-of-bias assessment

The results of bias evaluation for each domain across the included
studies are presented in Supplementary Fig. 1. Most RCTs exhibited
a low risk of bias across the majority of domains. However, some
concerns were identified in certain areas for a few studies. Funnel
plots of each analysis are depicted in Supplementary Fig. 2.

RT-based treatment strategies for patients with BCR after RP
A total of six RCTs, comprising 3859 participants, evaluated RT-based
treatments for patients with BCR after RP [23, 24, 29, 34, 37, 41].
These studies administered single-agent or combined hormone
therapy (HT), such as enzalutamide (ENZ), abiraterone (ABI),
apalutamide (APA), bicalutamide (BIC), and ADT administered
between 6 weeks to 2 years in combination with RT. Detailed
descriptions of the studies can be found in Tables 1 and 2.

The SALV-ENZ trial [29] showed that adding ENZ to RT improved
freedom from PSA progression (HR: 0.42, 95% Cl: 0.19-0.92, p = 0.031),
especially for high-risk patients, such as pT3 (HR: 022, 95% ClI:
0.07-0.69) and surgical margin-positive (HR: 0.14, 95% Cl: 0.03-0.64).
The JCOG0401 trial [24] demonstrated RT with/without BIC prolonged
PFS compared to BIC alone (HR: 0.56, 95% Cl: 0.38-0.82, p = 0.001). The
FORMULA 5009 trial [34] compared ABI + APA with BIC, both added to
ADT and RT. No significant difference was noted overall; however, a
subgroup analysis with PSA > 0.5 ng/ml revealed a significant improve-
ment in both PFS (HR: 0.50, 90% Cl: 0.30-0.86) with ABI + APA. The NRG
Oncology/RTOG 0534 SPPORT trial [37] demonstrated the benefits of
adding PLNRT to RT and ADT in freedom from progression (HR: 0.82,
95% Cl: 0.63-1.07, p = 0.048). However, this was accompanied by an
increase in the incidence of acute AEs Grade 2+ (RT+ ADT: 37.7%,
PLNRT + RT + ADT: 44.6%).

Standard pairwise meta-analysis (HT + RT vs. RT alone). In our
pairwise meta-analyses, we were able to summarize data from
three articles [23, 37, 41]. Combining HT with RT was found to
significantly improve MFS compared to RT alone (HR: 0.69, 95% Cl:
0.57-0.84, p < 0.001). There was some evidence for improved OS,
which did not reach conventional levels of statistical significance
(HR: 0.83, 95% Cl: 0.68-1.00, p =0.05) (Fig. 2). Cochran’s Q test
revealed no significant heterogeneity among the included studies.

Network meta-analysis (NMA). Our NMAs included three RCTs
with four RT-based treatments [23, 37, 41]. The RT-based NMA
focused on the addition of HT or PLNRT to RT. All combinations,
including ADT + RT (HR: 0.73, 95% Cl: 0.58-0.93), BIC+ RT (HR:
0.63, 95% Cl: 0.46-0.87), and PLNRT + ADT + RT (HR: 0.52, 95%
Cl: 0.35-0.78), significantly improved MFS compared to RT
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Identification of studies via databases and registers
Records identified through PUBMED, Web of
Science, and Scopus: (n =2,652) Additional records identified through
Search Query: references:
(prostate cancer) AND (biochemical recurrence) (n=9)
AND ((prospective study) OR (randomized
controlled trial)
) Records screened after duplicates Records excluded after lti;lgland abstract
-E removed review (n = 1,861)
3 (n=1,883) * Non-relevant according to inclusion
% criteria (n=1,373)
* Review article (n=362)
> * Letter/ Editorial comment (n=72)
* Other than English (n=54)
v
g Full-text articles assessed for
S .
= eligibility
i (n=22)
Records excluded after evaluation
(n=3)
- * Overlapping duplicate (n = 2)
* No clear data (n=1)
v
19 RCTs
Fig. 1 PRISMA flowchart illustrating the article selection process. The flowchart demonstrates the systematic process according to the

PRISMA guidelines.

alone as shown in Fig. 3. However, compared to RT 4 ADT, no
treatment combination demonstrated significant improvement in
MFS (Supplementary Fig. 4). Based on SUCRA analysis, the
combination of RT+ ADT + PLNRT (90%) had the highest like-
lihood of providing the maximal MFS benefit, followed by BIC + RT
(68%) and RT+ ADT (42%). In terms of OS, no treatment
combination showed significant improvement (Fig. 4). According
to SUCRA analysis for OS, BIC + RT (86%) ranked highest for OS
benefit. No significant heterogeneity was observed in each
analysis.

Hormone-based treatment strategies for patients with BCR
after RP or RT

Androgen receptor signaling inhibitors (ARSIs). Five RCTs compris-
ing 1979 participants assessed the impact of ARSIs administered
for 8-12 months, on oncological outcomes in patients with BCR
after definitive local treatment [26, 28, 31, 33, 36].

The EMBARK trial [31] showed that ENZ + ADT improved both
PFS (HR: 0.07, 95% Cl: 0.03-0.14, p < 0.001) and MFS (HR: 0.42, 95%
Cl: 0.30-0.61, p<0.001). APA+ ADT improved PSA-PFS in the
PRESTO trial (HR: 0.52, 95% Cl: 0.35-0.77), but not in the
NCT01790126 trial (0.56, 95% Cl: 0.23-1.36, p =0.196) (Supple-
mentary Table 2). The combination of ABI and ADT demonstrated
effectiveness in reducing disease progression in the NCT01786265
trial [33] (HR: 0.64, 95% Cl: 0.47-0.87, p =0.004); however, no
significant difference in median PSA-PFS was found in the
NCT01751451 study [28] (ABI+ ADT: 644 weeks, 95% Cl:
57.9-NA; ADT: 54.9 weeks, 95% Cl: 47.9-60.7 weeks). Furthermore,
the combination of ABI, APA, and ADT showed improvements in
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PFS compared to ADT alone in the PRESTO trial [36] (HR: 0.48, 95%
Cl: 0.32-0.71). The AE profiles are similar to those observed in
previous RCTs for each respective drug [43-46].

Docetaxel (DOC). Two RCTs comprising 663 participants assessed
the impact of docetaxel (DOC) on oncological outcomes in
patients with BCR post-RP [30, 35]. The duration of treatment
varied among studies, with DOC ranging from 6 to 10 cycles and
ADT from 12 to 18 months. DOC use was not significantly
associated with PFS due to the wide range of Cls in two studies. In
addition, DOC use was associated with a higher incidence of
neutropenia, alopecia, and fatigue, among others.

Standard pairwise meta-analysis (DOC + ADT vs. ADT alone). Add-
ing DOC to ADT did not significantly improve OS compared to ADT
alone (HR: 0.74, 95% Cl: 0.46-1.18, p = 0.2) (Fig. 2). As the NCT00764166
trial [35] was the only study to evaluate MFS, a meta-analysis for MFS
was not performed. Cochran’s Q test revealed no significant
heterogeneity among the studies included.

Timing and duration of ADT. The NCIC trial [40] conducted a
comparison between intermittent ADT (n =690) to continuous
ADT (n = 696). Intermittent ADT was associated with significantly
improved outcomes for hot flashes (p < 0.001), desire for sexual
activity (p <0.001), and urinary symptoms (p <0.01), while no
significant difference was shown in OS. In the NCT00928434 trial
[39], which randomized patients experiencing BCR to either
intermittent ADT (n = 175) or continuous ADT (n = 228), the sexual
drive was significantly improved in patients undergoing
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Table 2.

Study, author

SALV-ENZA Tran et al. [29]

FORMULA 509 Nguyen
et al. [34]

NRG Oncology/RTOG 0534

SPPORT Pollack et al. [37]

RTOG 9601 Jackson et al.
[54]

Shipley et al. [41]
JCOG0401

Yokomizo et al. [24]

GETUG-AFU 16
Carrie et al. [23, 42]

EMBARK
Freedland et al. [31]

PRESTO
Aggarwal et al. [36]

NCT01790126
Aggarwal et al. [26]

NCT01786265
Spetsieris et al. [33]

NCT01751451
Autio et al. [28]

Patient characteristics of included 19 studies.

No. of patients

Total: 86
ENZ -+ RT: 43
RT: 43

Total: 345

ABI 4 APA + ADT +RT: 173

BIC + ADT + RT: 172

Total: 1716

RT: 564

RT + ADT: 578

RT + ADT + PLNRT: 574

Total: 760
BIC + RT: 384
RT: 376

Total: 210
BIC: 105
RT + BIC: 105

Total: 742
RT + ADT: 369
ADT: 373

Total: 1068

ENZ + ADT: 355
RP alone: 90 (25.4)
RT alone: 86 (24.2)
RP + RT: 179 (50.4)
ENZ: 355

RP alone: 99 (27.9)
RT alone: 90 (25.4)
RP + RT: 166 (46.8)
ADT: 358

RP alone: 75 (20.9)
RT alone: 104 (29.1)
RP + RT: 179 (50.0)

Total: 504

APA + ABI + ADT: 169
APA + ADT: 168

ADT: 167

Total: 90

APA + ADT: 31

RP alone: 10 (32.3)
RT alone: 4 (12.9)
RP + RT: 18 (58.1)
APA: 29

RP alone: 6 (20.7)
RT alone: 6 (20.7)
RP + RT: 17 (58.6)
ADT: 30

RP alone: 3 (0.1)
RT alone: 5 (16.7)
RP + RT: 21 (70.0)

Total: 197

ABI + ADT: 99
RP: 93 (94)

RP + RT: 48 (48)
RT alone: 6 (6)
ADT: 98

RP: 93 (95)

RP + RT: 49 (50)
RT alone: 5 (5)

Total: 120

ABI + ADT: 41
salvage RT: 24 (59)
ABI: 37

salvage RT: 23 (59)
ADT: 42

salvage RT: 27 (64)

Prostate Cancer and Prostatic Diseases (2025) 28:610-622

Median age

ENZ + RT: 69 (51-82)
RT: 66 (52-81)

NA

RT: 64 (42-84)

RT + ADT: 64 (39-80)
RT -+ ADT + PLNRT: 64
(44-80)

BIC + RT: 65 (59-69)
RT: 65 (60-69)

BIC: 70 (65-74)
RT + BIC: 71 (67-75)

RT + ADT: 69.5 (62.9-72.1)
RT: 66.8 (61.5-71.9)

ENZ + ADT: 69 (51-87)
ENZ: 69 (49-93)
ADT: 70 (50-92)

NA

APA + ADT: 67.0 (54-78)
APA: 66.0 (55-79)
ADT: 68.5 (46-80)

ABI + ADT: 65 (44-80)
ADT: 65 (42-85)

ABI + ADT: 65 (53-74)
ABI: 64 (43-83)
ADT: 66 (46-78)

PSA

ENZ + RT: 0.3 (0.06-2.6)
RT: 0.3 (0.07-4.6)

NA

RT: 0.32 (0.1-1.96)

RT + ADT: 0.40 (0.1-1.93)
RT + ADT + PLNRT: 0.32
(0.1-1.93)

BIC + RT: 0.6 (0.2-1.0)
RT: 0.6 (0.2-1.2)

BIC: 0.47 (0.43-0.55)
RT + BIC: 0.48 (0.43-0.57)

RT + ADT: 0.3 (0.2-0.5)
RT: 0.3 (0.2-0.5)

ENZ + ADT: 5.0 (1.0-308.3)
ENZ: 5.3 (1.1-37.0)
ADT: 5.5 (1.1-163.3)

NA

APA + ADT: 4.1 (1.2-38.8)
APA: 2.7 (1.0-42.3)
ADT: 4.0 (1.2-29.8)

ABI + ADT: 1.2 (0.2-11.1)
ADT: 1.0 (0.2-33.3)

ABI + ADT: 5.8 (1.2-45.1)
ABI: 3.1 (1.2-35.4)
ADT: 4.1 (1.0-48.3)

Median follow-
up, mo

34 (0-52)

34 (6-53)

98.4 (79.2-112.8)

156

66.0 (34.8-90.0)

112 (102-123)

60.7

NA

NA

64.4 (40.7-90.3)

NA
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Table 2. continued

Study, author

TAX3503
Morris et al. [30]

NCT00764166
Oudard et al. [35]

TOAD
Duchesne et al. [38]

NCT00928434
Crawford et al. [39]

NCIC
Crook et al. [40]

ARTS
Schroder et al. [32]

PROTECT
Beer et al. [27]

Goluboff et al. [25]

No. of patients

Total: 413
DOC + ADT: 207

postoperative RT: 65 (31.4)

ADT: 206

postoperative RT: 76 (36.9)

Total: 250

DOC + ADT: 125
salvage RT: 54 (43.2)
ADT: 125

salvage RT: 56 (44.8)

Total: 261

Delayed ADT: 137
RT: 88 (64)

RP + RT: 49 (36)
Immediate ADT: 124
RT: 77 (62)

RP + RT: 47 (38)

Total: 403
Intermittent ADT: 175
RP: 39 (22)

RT: 107 (61)
Cryotherapy: 24 (14)
Other: 5 (3)

Not recorded: 0
Continuous ADT: 228
RP: 48 (21)

RT: 153 (67)
Cryotherapy: 23 (10)
Other: 3 (1)

Not recorded: 1 (<1)

Total: 1386
Intermittent ADT: 690
Continuous ADT: 696

Total: 294
Dutasteride: 147
RP alone: 91 (61.9)
RT alone: 33 (22)
RP + RT: 23 (15.6)
Placebo: 147

RP alone: 90 (61.2)
RT alone: 28 (19)
RP + RT: 29 (19.7)

Total: 176
Sipuleuce-T: 117
adjuvant HT: 21 (17.9)
adjuvant RT: 20 (17.1)
salvage RT: 52 (44.4)
Placebo: 59

adjuvant HT: 9 (15.3)
adjuvant RT: 8 (13.6)
salvage RT: 28 (47.5)

Total: 96
Exisulind: 47
Placebo: 49

Median age PSA Median follow-
up, mo

DOC + ADT: 66 (60-71) DOC + ADT: 0.8 (0.5-1.4) 33.6

ADT: 65 (60-69) ADT: 0.7 (0.5-1.7)

DOC + ADT: 64 (58-70) DOC + ADT: 2.6 (1.0-6.2) 30

ADT: 66 (61-71) ADT: 2.9 (1.0-6.0)

Delayed ADT: 70.0 (IQR: NA 5 years (IQR:

50.7-85.0) 3.3-6.2)

Immediate ADT: 71.1 (IQR:

54.0-88.0)

Intermittent ADT: 73 (50-91) Intermittent ADT: 5.15 NA

Continuous ADT: 71 (51-89) (0.2-655)
Continuous ADT: 4.96

(0.17-262)

Intermittent ADT
3-15: 531 (77.0)
>15: 159 (23.0)

Intermittent ADT: 74.2
(range: 29.4-89.7)
Continuous ADT: 74.4 (range:

6.9 years (range:
2.8-11.2)

45.3-88.9) Continuous ADT

3-15: 535 (76.9)

>15: 160 (23.0)

Missing: 1 (0.1)
mean age + SD NA Dutasteride 722
Dutasteride: 69.7 + 5.76 days

Placebo: 68.6 £ 6.53 Placebo: 456 days

Sipuleuce-T: 64 (48-79)
Placebo: 67 (47-78)

Sipuleuce-T: 2.3 (0.8-33.0) NA
Placebo: 2.3 (0.8-20.5)

Exisulind: 67.6 (48-87)
Placebo: 65.8 (51-78)

Exisulind: 1.75 NA
Placebo: 1.7

ADT androgen deprivation therapy, ABI abiraterone, APA apalutamide, BT brachytherapy, DOC docetaxel, ENZ enzalutamide, NA not available, PSA prostate-

specific antigen, RP radical prostatectomy, RT radiation therapy.

intermittent ADT compared to those receiving continuous ADT

(p=0.027).

The TOAD trial [38] assessed the implication of initiating ADT on
a delayed basis (n = 137) compared to immediate initiation of ADT

SPRINGER NATURE

(n = 124). There was no significant difference in OS (HR: 0.59, 95%
Cl: 0.26-1.30, p =0.19). Regarding QoL between the two arms,
arm-specific rates of change over time did not statistically differ
(Pinteraction = 0.14).
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Fig. 2 Forest plot of the meta-analysis comparing different treatment modalities. A MFS for HT + RT vs. RT: this panel shows the meta-
analysis results for MFS comparing HT combined with RT versus RT alone. B OS for HT + RT vs. RT: this panel illustrates OS outcomes for HT +
RT compared to RT alone. € OS for DOC + ADT vs. ADT: this panel demonstrates OS comparing DOC combined with ADT versus ADT alone.
Symbols represent HRs with 95% confidence intervals (Cls), and the diamonds indicate pooled estimates. OS overall survival, RT radiotherapy,
HT hormone therapy, MFS metastasis-free survival, DOC docetaxel, Cl confidence interval, ADT androgen deprivation therapy, HR hazard ratio.

Network meta-analysis of hormone-based treatments. As shown in
Fig. 3, ENZ + ADT (HR: 0.42, 95% Cl: 0.29-0.60) and ENZ alone (HR:
0.63, 95% Cl: 0.46-0.87) significantly improved MFS compared to
ADT alone. SUCRA analysis ranked ENZ + ADT (99%) as the most
effective for MFS, followed by ENZ alone (67%). In terms of OS, no
agents significantly improved MFS compared to ADT alone (Fig. 4).
Based on the SUCRA analysis, ENZ 4+ ADT (83%) had the highest
likelihood of providing the maximal benefit for OS. Cochran’s Q
test revealed no significant heterogeneity in each analysis.

Other treatments

Three RCTs, comprising 566 patients, assessed the impact of other
agents on oncological outcomes in patients with BCR. All of these
studies used a placebo as a comparator; therefore, we did not

Prostate Cancer and Prostatic Diseases (2025) 28:610-622

include them in our NMAs. Dutasteride significantly reduced
disease progression (risk ratio [RRI): 0.41, 95% Cl: 0.25-0.67,
p <0.001 in the ARTS trial [32], while no significant difference in
PFS and MFS were noted with sipuleucel-T in the PROTECT trial
[27]. Goluboff et al. [25] demonstrated that exisulind showed
potential benefits in high-risk patients. Detailed outcomes and AEs
are summarized in Supplementary Table 2.

DISCUSSION

This systematic review, pairwise meta-analysis, and NMA represent
the comprehensive assessment of various interventions on oncolo-
gical outcomes in PCa patients who experienced BCR following
definitive local treatment. Our study highlights several key findings.
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(A1)
Comparison: other vs 'RT"
Treatment (Random Effects Model) HR 95%-Cl
RT+ADT+PLNRT —— 0.52 [0.35; 0.78]
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RT+ADT — 0.73 [0.58; 0.93]
RT 1.00
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Treatment
(B1)
Comparison: other vs 'ADT"
Treatment  (Random Effects Model) HR 95%-Cl
ENZ+ADT —— 0.42 [0.29; 0.60]
ENZ —_— 0.63 [0.46; 0.87]
ADT 1.00
DOC+ADT 1.03 [0.74; 1.43]
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goam
=
?
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0.00- -
ENZ+ADT ENZ ADT DOC+ADT

Treatment

Fig. 3 Results of NMAs for MFS of patients with BCR. A RT-based treatment: A1 Forest plots (RT as a comparator), A2 Treatment ranking
based on SUCRA graph, B Hormone-based treatment: B1 Forest plots, B2 Treatment ranking based on SUCRA graph.

First, the addition of HT to RT improved MFS compared to RT alone in suggesting that ARSI-based treatments might improve PFS in patients
patients with BCR after RP. Furthermore, our treatment ranking with BCR following RP or RT compared to ADT alone. Conversely, the
analysis identified PLNRT in combination with ADT and RT to exhibit impact of DOC on PFS, MFS, and OS appears to be less clear. In
the highest benefit in terms of MFS. Second, there is evidence addition, ENZ+ ADT was shown to be the most effective in
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Fig. 4 Results of NMAs for OS of patients with BCR. A RT-based treatment: A1 Forest plots, A2 Treatment ranking based on SUCRA graph,
B Hormone-based treatment: B1 Forest plots, B2 Treatment ranking based on SUCRA graph. PRISMA preferred reporting items for systematic
reviews and meta-analyses, MFS metastatic-free survival, HT hormone therapy, RT radiation therapy, OS overall survival, DOC docetaxel, ADT
androgen deprivation therapy, NMA network meta-analysis, BCR biochemical recurrence, SUCRA surface under the cumulative ranking.
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enhancing both MFS and OS among hormone-based treatment
strategies. Third, although no significant differences were found in
PFS and MFS among the overall patient cohort, the addition of ARSI
to RT was associated with improvement in PFS and MFS, especially in
patients with adverse prognostic factors, such as pT3 staging, positive
surgical margins, and elevated PSA levels.

Our meta-analysis indicated that adding HT to RT potentially
reduced the risk of metastasis by 31% in PCa patients with BCR
after RP, with a suggested but not statistically significant 17%
improvement in OS. Our SUCRA analysis revealed PLNRT + ADT +
RT as the most effective combination for improving MFS.
However, the addition of PLNRT did not demonstrate a statistically
significant superiority over ADT + RT in our NMA model either in
terms of MFS and OS. Although it is crucial to weigh the benefit
against potential AEs, the NRG Oncology/RTOG 0534 SPPORT trial
[37] revealed that the addition of PLNRT resulted in increased
rates of acute AEs. Interestingly, the addition of BIC to RT was also
found to carry great potential in improving MFS and OS compared
to RT alone, though the improvement in OS did not reach
conventional levels of statistical significance. Although BIC is not
recommended for many indications, considering its acceptable AE
profile and our results it could potentially be a promising
combination partner with RT in BCR after RP; especially those
with less aggressive PCa and longer PSA doubling time. It should
be noted that the observed benefits of PLNRT and BIC in our
analyses were based solely on data from a single study for each:
the NRG Oncology/RTOG 0534 SPPORT [37] and the RTOG 9601
trial [47], respectively. This limited data source might lead to over-
or under-interpretation. Therefore, more prospective data is
needed to further assess the potential benefits of adding PLNRT
or BIC to RT.

We found that combining ARSI with ADT reduced the risk of
disease progression in the majority of studies, while DOC + ADT
did not significantly impact PFS or OS. Our treatment rankings
indicated that ENZ + ADT was the most likely to improve MFS
compared to ADT alone among hormone-based treatments.
Determination of when and for how long ADT should be initiated
in the salvage setting remains unclear. For instance, no studies
have indicated that immediate ADT significantly improves OS
[38, 48]. Furthermore, long-term ADT can lead to various AEs (e.g.,
cardiovascular events, osteoporosis, cognitive impairment)
[49-51]. Additionally, EAU low-risk BCR significantly correlates
with more favorable mortality outcomes than high-risk [52].
Therefore, immediate ADT is not recommended for patients with
low-risk BCR by guidelines [53]. Considering these findings,
alternative treatments that improve mortality within tolerable
AEs are desirable for patients with BCR after RT. In the EMBARK
trial [31], ENZ 4+ ADT improved in MFS, a strong surrogate for OS in
men receiving RT [54], compared to ADT alone. Importantly, this
improvement came with a similar frequency of AEs as seen with
ADT alone, suggesting that ENZ + ADT could be an effective and
safe strategy for patients with BCR following RT. On the other
hand, while RT-based treatment is currently the standard therapy
for BCR patients after RP [53], the efficacy of hormone-based
treatment for these patients remains unclear. In this study, direct
comparisons between ADT- and RT-based strategies were not
feasible due to the diversity of primary treatments (e.g., RP,
RP + adjuvant/salvage RT, RT). Although interpretations should be
made with caution due to the short follow-up period and small
sample size, the JCOGO0401 trial, which compared BIC alone to RT
with/without BIC, showed no significant difference in MFS and OS.
While RT remains a standard option, ARSIs + ADT may have the
potential to become a prime option comparable to RT with/
without ADT. However, these discussions have not taken into
account the presence of undetectable metastasis by conventional
imaging. Recently, PSMA-PET has shown promising effectiveness
in detecting metastasis missed by conventional imaging, such as
pelvic lymph node metastases (42%) and bone metastases (15%)
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[55, 56]. Although metastatic-directed therapies (MDT) targeting
oligometastases have gained attention, it remains an experimental
approach [57]. Therefore, with the future integration of PSMA-PET,
treatment decisions are expected to shift from relying on risk
stratification or primary treatment to PSMA-PET findings. RCTs
comparing PSMA-PET-based MDT and ARSI+ RT are eagerly
awaited.

Based on our systematic review, the benefit of adding ARSIs to
RT was observed, especially for PCa patients with prognostically
adverse factors. The SALV-ENZA trial [29] demonstrated that
ENZ + RT decreased disease progression compared to RT alone by
58%, particularly in high-risk patients, such as pT3 (78%) and
margin-positive (86%). Furthermore, the FORMULA trial [34] also
found a significant reduction in disease progression (50%) and
metastasis (68%) with the addition of ABl and APA to ADT + RT in
patients with PSA > 0.5 ng/ml. In contrast, other studies investigat-
ing the effect of ADT [23, 37] and BIC [41] did not demonstrate
such a differential benefit in similar settings. Therefore, combining
ARSIs with RT could become a key approach in the treatment,
especially for PCa patients with these prognostically adverse
factors, such as high PSA, pT3, and margin-positive. The results of
ongoing studies on ARSIs, such as the BALANCE trial (APA 4 RT vs.
placebo + RT alone) and the STEEL trial [58] (ENZ + ADT + RT vs.
ADT +RT) are anticipated to further validate the ARSI+ RT
combination in the BCR setting.

Our study has several limitations. First, there were notable
variations in patient baseline characteristics across the included
studies. Additionally, the difference among definitions of BCR and
disease progression across studies could lead to heterogeneity in
the results and their interpretation. Therefore, due to these
inconsistencies, especially regarding the crucial aspect of disease
progression in clinical practice, we refrained from conducting a
meta-analysis and NMA for this outcome. Furthermore, due to the
heterogeneity and the lack of subgroup analysis in the included
studies, we were unable to conduct subgroup analyses stratified
by patient characteristics. This limitation means we could not
determine the optimal treatment for each patient. Second, the
duration of follow-up and medication use varied among studies,
potentially impacting the assessment of oncological outcomes.
Third, the included studies exhibited a diversity of initial
treatments, including RP, RT, and RP plus adjuvant/salvage RT.
Furthermore, the proportion of patients undergoing these
treatments varied among the studies. This mixture of treatment
scenarios hindered our ability to conduct distinct analyses for each
specific context of salvage therapy following different local
treatments. Fourth, the assessment of metastasis in the included
studies was based on conventional imaging, and PSMA-PET was
not utilized. This raises the possibility of inappropriate treatment
for patients with micrometastases due to less sensitive imaging.
Fifth, due to the variability in the reporting styles of AEs across the
included studies, we were limited to performing meta-analyses or
NMAs of AEs. Sixth, the STAMPEDE trial (arm A, J) [59] also
investigated patients with BCR and locally advanced PCa;
however, separate data for these groups could not be obtained.
Thus, we did not include the STAMPEDE trial [59] in our study.
Finally, our findings may not fully apply to patients with low-risk
BCR, particularly those with a life expectancy of less than 10 years
or those unwilling to undergo salvage therapy. For those patients,
active follow-up could be a more appropriate management
strategy [4].

CONCLUSION

We found that combining HT with RT effectively prevents disease
progression and metastasis in PCa patients who experienced BCR
following definitive local treatment. Furthermore, adding PLNRT to
this combination improved MFS. ARSIs improved oncological
outcomes when combined with RT or ADT. Further, well-designed
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RCTs are awaited to clarify the comparative oncologic outcomes of

RT-based and hormone-based treatments

in different clinical

scenarios, with a particular focus on the role of ARSIs.
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