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Abstract

Background: The role of elective whole-pelvis radiotherapy (WPRT) remains controversial. Few 

studies have investigated it in Gleason grade group (GG) 5 prostate cancer (PCa), known to have a 

high risk of nodal metastases.

Objective: To assess the impact of WPRT on patients with GG 5 PCa treated with external-beam 

radiotherapy (EBRT) or EBRT with a brachytherapy boost (EBRT + BT).

Design, setting, and participants: We identified 1170 patients with biopsy-proven GG 5 PCa 

from 11 centers in the United States and one in Norway treated between 2000 and 2013 (734 with 

EBRT and 436 with EBRT + BT).

Outcome measurements and statistical analysis: Biochemical recurrence-free survival 

(bRFS), distant metastasis-free survival (DMFS), and prostate cancer-specific survival (PCSS) 

were compared using Cox proportional hazards models with propensity score adjustment.

Results and limitations: A total of 299 EBRT patients (41%) and 320 EBRT + BT patients 

(73%) received WPRT. The adjusted 5-yr bRFS rates with WPRT in the EBRT and EBRT + BT 

groups were 66% and 88%, respectively. Without WPRT, these rates for the EBRT and EBRT + 

BT groups were 58% and 78%, respectively. The median follow-up was 5.6 yr. WPRT was 

associated with improved bRFS among patients treated with EBRT + BT (hazard ratio [HR] 0.5, 

95% confidence interval [CI] 0.2–0.9, p = 0.02), but no evidence for improvement was found in 

those treated with EBRT (HR 0.8, 95% CI 0.6–1.2, p = 0.4). WPRT was not significantly 

associated with improved DMFS or PCSS in the EBRT group (HR 1.1, 95% CI 0.7–1.7, p = 0.8 
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for DMFS and HR 0.7, 95% CI 0.4–1.1, p = 0.1 for PCSS), or in the EBRT + BT group (HR 0.6, 

95% CI 0.3–1.4, p = 0.2 for DMFS and HR 0.5 95% CI 0.2–1.2, p = 0.1 for PCSS).

Conclusions: WPRT was not associated with improved PCSS or DMFS in patients with GG 5 

PCa who received either EBRT or EBRT + BT. However, WPRT was associated with a significant 

improvement in bRFS among patients receiving EBRT + BT. Strategies to optimize WPRT, 

potentially with the use of advanced imaging techniques to identify occult nodal disease, are 

warranted.

Patient summary: When men with a high Gleason grade prostate cancer receive radiation with 

external radiation and brachytherapy, the addition of radiation to the pelvis results in a longer 

duration of prostate-specific antigen control. However, we did not find a difference in their 

survival from prostate cancer or in their survival without metastatic disease. We also did not find a 

benefit for radiation to the pelvis in men who received radiation without brachytherapy.

Keywords

Brachytherapy; Gleason grade group 5; Prostate cancer; Radiation therapy; Whole-pelvis 
irradiation

1. Introduction

The question of whether to electively irradiate pelvic lymph nodes when delivering 

definitive external-beam radiotherapy (EBRT) to men with prostate cancer (PCa) is one of 

the most extensively debated topics in radiation oncology [1]. A number of retrospective 

studies suggesting a benefit for elective nodal irradiation led to the development of 

Radiation Therapy Oncology Group (RTOG) 9413, a 2 × 2 randomized controlled trial 

comparing whole-pelvis radiation therapy (WPRT) with prostate-only radiation as well as 

neoadjuvant/concurrent androgen deprivation therapy (ADT) with adjuvant ADT [2,3]. The 

initial report of this trial demonstrated a significant improvement in biochemical recurrence-

free survival (bRFS) when combining WPRT with neoadjuvant/concurrent ADT, a benefit 

that has recently been shown to persist and translate into a progression-free survival benefit 

on long-term follow-up [4]. However, many experts remain skeptical [5], and a separate 

randomized controlled trial, the Groupe d’études des tumeurs urogénitales (GETUG)-1 

study, reported no benefit of WPRT [6]. Testament to the controversy, a third randomized 

trial, RTOG 0924, is actively investigating the benefit of WPRT in a higher-risk subset of 

PCa, though it is not estimated to be completed until 2031.

It is possible that the benefit of WPRT was diluted in RTOG 9413 and GETUG-1 by the 

inclusion of patients with a very low risk of lymph node involvement [5]. Alternatively, the 

benefit of WPRT may be modest for patients with the highest risk of nodal involvement, as 

these patients are also at high risk of harboring micrometastases outside of the pelvic nodes 

[7]. Indeed, RTOG 0924 was designed based on a post hoc analysis of RTOG 9413, 

indicating that an intermediate-risk group may derive the most benefit from WPRT. Patients 

with Gleason grade group (GG) 5 (formerly, Gleason score [GS] 9–10) PCa are at high risk 

of both nodal metastases and extrapelvic micrometastases [8,9]. Recently, intensified local 

treatment (treatment with EBRT with a brachytherapy boost [EBRT + BT]) was shown to be 
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associated with significantly improved clinical outcomes in this patient population when 

compared with dose-escalated EBRT alone in this patient population, but it is unknown how 

WPRT impacts these outcomes [10]. In a companion cohort of patients undergoing radical 

prostatectomy (RP), the frequency of positive pelvic lymph nodes was 17%; as patients 

undergoing either form of radiotherapy had higher clinical T stage and initial prostate-

specific antigen (PSA) values, the frequency of nodal involvement in those cohorts is likely 

to be at least as high if not higher. The objective of this study is to interrogate the benefit of 

WPRT among patients undergoing definitive radiation—either EBRT or EBRT + BT—in 

this modern, multi-institutional cohort of patients with GG 5 PCa with an a priori high risk 

of nodal metastases.

2. Methods and materials

2.1. Patient population

Institutional databases from 12 tertiary referral centers were queried for patients with 

biopsy-proven GG 5 PCa treated between 2000 and 2013, as described previously [10]. 

Institutional review board approval was obtained by all institutions, with management by the 

coordinating center (University of California, Los Angeles, Los Angeles, CA, USA). All 

1170 patients who were treated with either EBRT or EBRT + BT were included. All ADTs 

were pharmacologic, primarily androgen blockade followed by leuprolide monotherapy. 

Radiation plans were not available for review; however, the majority of institutions (n = 11) 

defined their institutional policy during that time frame as treating with an upper border at 

L5–S1. One institution defined its policy as treating the obturator nodes alone.

2.2. Classification of events

Follow-up was calculated from the end of radiation therapy. Biochemical failure was defined 

by either a PSA ≥nadir + 2 ng/ml [11] or at the initiation of local salvage or salvage ADT. 

Distant metastases (DMs) were identified either pathologically or radiographically. Prostate 

cancer-specific survival (PCSS) was defined by the presence of PCa as the primary cause of 

death on a patient’s death certificate or clear documentation of PCa-specific mortality in the 

medical record.

2.3. Statistical analysis

Prior to analysis, univariate statistics (medians and percentages) were used to describe 

sample characteristics. Cox proportional hazards regression models were utilized to compare 

distant metastasis-free survival (DMFS), PCSS, and bRFS rates between patients treated 

with EBRT ± BT ± WPRT. Analyses first tested for multiplicative interaction between 

WPRT and BT. If the interaction term was nonsignificant, the effect of WPRT was 

estimated, controlling for receipt of BT. However, based on the premise that improved nodal 

control would only be relevant in the setting of primary disease control [4], and that EBRT + 

BT would offer improved primary disease control compared with EBRT alone, we also 

chose to report subgroup-specific estimates. Cox models included site as a random effect to 

account for the multi-institutional design. Adequacy of the proportional hazards assumption 

was evaluated by examining plots and tests of scaled Schoenfeld residuals [12]. Cox models 

included propensity scores (PSs) as covariates to control for confounding by age, ln(iPSA), 
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clinical T stage, and the individual GS (i.e., 9 vs 10). ADT duration was also included in 

Cox models as a separate, time-varying covariate. PSs were estimated using logistic 

regression with multiple imputation used to estimate missing covariate values [13]. To assess 

balance achieved by the PS, the standardized mean difference in covariate values was 

compared across treatment groups in an inverse probability of treatment-weighted (IPTW) 

sample [14]. PS models were fit iteratively by adding or deleting nonlinear terms and two-

way interactions and checking standardized mean differences until optimal balance was 

achieved [15]. Finally, covariate-adjusted survival curves and estimates were generated using 

IPTW, as described by Cole and Hernan [16]. Confidence intervals (CIs) for IPTW-adjusted 

survival estimates were obtained by bootstrapping. All analyses were completing using R 

version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria) [17].

3. Results

3.1. Patient and treatment characteristics

Disease and treatment characteristics are presented in Table 1. The median follow-up length 

was 5.1 yr for EBRT patients (interquartile range 2.9–7.7 yr) and 6.3 yr for EBRT + BT 

patients (interquartile range 3.9–9.4 yr). Overall, 53% (619/1170) of patients received 

WPRT: 41% (299/734) in the EBRT group and 73% (320/436) in the EBRT + BT group. 

ADT receipt was similar in the EBRT group and in the EBRT + BT group (89.5% vs 

92.4%), but the duration was significantly longer (median 22 mo vs 12 mo, p < 0.001). 

Local and systemic salvage rates were low for both EBRT and EBRT + BT groups (2.5% vs 

0.1% for local salvage and 12.1% vs 5.5% for systemic salvage). The median dose, 

equivalent in 2-Gy fractions, was 74.3 in the EBRT group (range 65–81.4) and 91.5 in the 

EBRT + BT group (range 75.8–131.4).

3.2. Biochemical recurrence-free survival

Covariate-adjusted Kaplan-Meier curves for bRFS are presented in Fig. 1. Overall, 383 

patients (33%) experienced a biochemical failure. The adjusted 5-yr bRFS rates with WPRT 

in the EBRT and EBRT + BT groups were 66% (95% CI 59–72%) and 88% (95% CI 80–

90%), respectively. Without WPRT, the rates for EBRT and EBRT + BT were 58% (95% CI 

53–63%) and 78% (95% CI 69–86%), respectively. Hazard ratios (HRs) are presented in 

Tables 2 and 3. The bRFS rate trended toward improvement overall, when controlling for 

receipt of BT (HR 0.71, 95% CI 0.5–1.03). There was no statistically significant evidence 

for an interaction between WPRT and BT (p = 0.12). When divided by subgroup, WPRT 

was associated with significantly improved bRFS in patients who received EBRT + BT in a 

PS-adjusted model (HR 0.5, 95% CI 0.2–0.9, p = 0.02). The adjusted model did not identify 

a significant benefit of WPRT in the EBRT group (HR 0.8, 95% CI 0.6–1.2, p = 0.4).

3.3. Distant metastasis-free survival

Covariate-adjusted Kaplan-Meier curves for DMFS are presented in Fig. 2. A total of 264 

(23%) experienced DMs. The adjusted 5-yr DMFS rates with WPRT in the EBRT and EBRT 

+ BT groups were 77% (95% CI 70–82%) and 93% (95% CI 89–96%), respectively. 

Without WPRT, the rates were 74% (95% CI 69–79%) and 90% (95% CI 85–96%), 

respectively. Overall, when controlling for receipt of BT, WPRT was not associated with 
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improved DMFS (HR 0.9, 95% CI 0.6–1.4; p value for interaction 0.23; Table 2). Similarly, 

when stratified by subgroup, WPRT was not associated with improved DMFS in either the 

EBRT or the EBRT + BT group, with PS-adjusted models yielding HRs of 1.1 (95% CI 0.7–

1.7, p = 0.8) and 0.6 (95% CI 0.3–1.4, p = 0.2), respectively (Table 3).

3.4. Prostate cancer-specific survival

The covariate-adjusted Kaplan-Meier curves for PCSS are presented in Fig. 3. In the entire 

cohort, 163 patients (14%) died from PCa. The adjusted 5-yr PCSS rates with WPRT for the 

EBRT and EBRT + BT groups were 92% (95% CI 88–95%) and 98% (95% CI 93–99%), 

respectively. Without WPRT, the rates were 87% (95% CI 82–90%) and 94% (95% CI 89–

99%), respectively. Overall, when controlling for BT receipt, PCSS trended toward 

improvement with WPRT (HR 0.7, 95% CI 0.4–1.03; p value for interaction 0.58; Table 2). 

However, when stratified by subgroup, WPRT was not associated with improved PCSS in 

either group (Table 3). HRs for the EBRT and EBRT + BT groups were 0.7 (95% CI 0.4–

1.1, p = 0.1) and 0.5 (95% CI 0.2–1.2, p = 0.1), respectively.

3.5. Effect of ecological bias

As some institutions only provided patients receiving WPRT and others provided no patients 

receiving WPRT, a sensitivity analysis was performed to assess for ecological bias. Five 

institutions contributing data from a single treatment type were removed from the analysis. 

In this sensitivity analysis, WPRT maintained a similar HR for bRFS. The other outcomes 

continued to fail to show a benefit (Supplementary Tables 1–3).

4. Discussion

In this study of 1170 patients with biopsy-proven GG 5 PCa treated with either EBRT or 

EBRT + BT, WPRT was found to be associated with improved bRFS in the EBRT + BT 

subgroup, although when all patients were analyzed together, WPRT was not found to be 

associated with improved bRFS. No associations between WPRT and any clinical outcomes 

were identified in either cohort.

Contrary to an increased push toward extended lymphadenectomy within the urologic 

community [18,19], enthusiasm for WPRT has dwindled over the years among radiation 

oncologists [20]. In this series of patients with aggressive GG 5 disease, only 53% received 

WPRT, despite the known high incidence of pathologic node positivity in patients with GG 5 

disease who undergo surgery (17% in a companion cohort) [10]. Given the more advanced 

nature of the disease in both the EBRT and the EBRT + BT cohorts, the occult lymph node 

positivity rate in the radiotherapy cohorts examined here would be expected to be even 

higher than 17%. Yet, despite this high a priori risk of nodal disease, WPRT was associated 

with improved bRFS only in the EBRT + BT cohort, and was not associated with improved 

clinical outcomes in either cohort.

The findings in the EBRT cohort are similar to those reported in the aforementioned trials 

for patients with less aggressive disease [3,6,21]. The proportion of patients with GG 5 PCa 

in these trials is not reported, but presumed to be low given the rarity of the disease. 

However, there has been retrospective investigation into the benefit of WPRT in high-risk 
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disease, summarized in Table 4 [22–25]. In general, even among high-risk patients, the 

benefit of WPRT is masked in the larger cohort and becomes apparent only when the results 

are isolated to only those patients with the highest risk of nodal disease. It is important to 

note, however, that the proportion of patients with GG 5 disease in these studies is unknown. 

The largest proportion of patients with GS 8–10 was in Aizer et al. [23] at 46%, but it is fair 

to assume that it was largelycomposed of patients with GS 8. Our study is unique in that it 

explores exclusively those patients with GG 5 disease, a separate histologic entity that likely 

behaves differently than other high-risk PCa.

One prospective study did identify bRFS and PCSS benefits with the addition of WPRT to 

EBRT when treating high-risk disease [26]. While this study had more patients with GG 5 

disease, we did not identify any association with improvement following WPRT in the 

EBRT cohort. This may in part be due to improved outcomes both with and without WPRT 

in general, decreasing the event rate and thus the power to identify significant differences. 

The benefit of WPRT in patients being treated with EBRT + BT has not been studied 

prospectively. One retrospective series compared outcomes following EBRT + BT with 

either WPRT or a smaller “mini-pelvis” field that treated only below the sacroiliac joints 

[27]. The authors found no differences in bRFS or PCSS between the two field sizes. The 

discrepancy between a lack of benefit of WPRT versus “mini-field,” and the presence of a 

bRFS benefit from WPRT versus no elective nodal radiotherapy as reported in this study, 

may relate to the nodes at risk. The “mini-field” in the Bittner et al. [27] study covered the 

obturator nodes, which is known to be a major site of occult positive nodes, whereas the 

prostate-only fields in this study did not offer any nodal coverage. Thus, it is possible that 

the benefit of nodal radiotherapy is strongest in covering the first echelon obturator nodes.

In this study, bRFS benefit from WPRT was only seen in the subgroup of patients who 

received EBRT + BT upon subgroup-specific analysis. One possible explanation—and 

indeed the rationale for exploring subgroup-specific analysis in the absence of a significant 

interaction term between receipt of BT and benefit of WPRT—is that sterilizing nodal 

disease only impacts outcomes if the primary disease remains controlled without seeding 

metastases. Indeed, in the recent publication of the long-term results of RTOG 9413 [4], the 

authors posit that the benefit of WPRT in the setting of inadequate dose to the prostate may 

be masked by a second wave of progression due to local failure. The primary tumor doses in 

the GETUG-01 and RTOG 9413 studies were only 66–70 Gy and 70.2 Gy, respectively [29–

31]. The median dose in the current EBRT group was 74 Gy in 2-Gy fractions, which is 

standard dose-escalated treatment, and still a benefit was not seen. However, it is possible 

that extreme dose escalation is needed for a benefit of WPRT to emerge. Indeed, the 

association with overall improved clinical outcomes despite shorter duration of ADT with 

EBRT + BT versus EBRT alone suggests the importance of local control, although post-

treatment biopsies to prove this are absent [10,32]. Thus, WPRT may benefit a subset of 

patients who have microscopic nodal disease, so long as optimal local control to the prostate 

is achieved. By contrast, it is also possible that the bRFS difference is at least partially 

explained by the difference in ADT utilization, although we attempted to reduce this effect 

by including it in our model as a time-varying covariate. One may argue that the overall 

duration of ADT is relatively short in this study overall, at 12 mo in the EBRT + BT group 

and 22 mo in the EBRT group. However, this duration is acceptable according to National 
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Comprehensive Cancer Network (NCCN) guidelines [33], and both arms of the Androgen 

Suppression Combined with Elective Nodal and Dose Escalated Radiation Therapy 

(ASCENDE-RT)* trial received 12 mo of ADT [34]. Regardless of the explanation, it 

remains to be seen whether this bRFS benefit will translate into a benefit in DMFS or PCSS. 

While no statistically significant difference was seen in these outcomes in our study, the 

number of events is relatively small thus far.

On a related note, WPRT at traditional doses (45–50.4 Gy) may selectively benefit patients 

with truly microscopic nodal disease, but those with larger, but still radiographically occult, 

tumor deposits in the pelvic nodes are likely receiving inadequate dose. Recent studies 

suggest that improved visualization with modalities such as 68Ga-prostate-specific 

membrane antigen-11 positron-emission tomography/computed tomography could aid in 

detection of pelvic nodal metastases, potentially offering targets to boost during radiotherapy 

[28].

The strengths of this study lie in its large number of patients and its multi-institutional 

design. Although a randomized, prospective trial would be ideal, the scarcity of GG 5 PCa 

makes this impractical, and large observational studies remain the main source of data for 

rare cancers. There are limitations, including those biases inherent to any retrospective study. 

Despite the large number of patients, the study may be underpowered to assess whether a 

true benefit exists. In an attempt to control for bias, we utilized PS including age, T stage, 

GS, and initial PSA, and accounted for ADT duration using a time-varying covariate. 

However, other potentially biasing variables such as comorbidity were unavailable. It is 

likely that patients in the EBRT group had more comorbidity than those in the EBRT + BT 

group, as BT patients by definition must be candidates for an invasive procedure, but we 

cannot know this for certain. However, a recent study suggests that comorbidity indices may 

not be impactful when assessing oncologic outcomes in patients with PCa [35]. In addition, 

although follow-up was calculated from the end of radiation therapy, there are variable 

practice patterns with respect to the timing of neoadjuvant ADT and we cannot fully assess 

subtle differences between the effect of neoadjuvant and concurrent or adjuvant ADT. 

Furthermore, not all contributing centers provided data for both treatment types; some 

institutions treat exclusively with WPRTand others never treat with WPRT, which may 

introduce bias. However, we did perform a sensitivity analysis to assess for ecological bias, 

and our results did not change significantly. Another limitation is the lack of information 

about field size in our study, as the superior border of the pelvic field has been suggested as 

a determinant of the success of WPRT [5]. While we did obtain the institutional policy for 

pelvis treatment during the time frame of our study, we were not able to review radiation 

plans for each patient. It is important to note that RTOG 0924 uses a pelvic field that 

includes the common iliac nodes, to a level corresponding to the top of L4–L5. In addition, 

we unfortunately do not have toxicity data. The recent publication of RTOG 9413 explores 

toxicity in detail and found that grade ≥3 gastrointestinal and genitourinary events were 

more frequent in patients who received WPRT. However, it is worth noting that the rates 

were still low (< 8%), and the study took place prior to the widespread adoption of intensity-

modulated radiation therapy. Unfortunately, there was also no central pathologic or 

radiologic review in this study. Lastly, a median follow-up of 5.6 yr is relatively short, but 

given the aggressive nature of GG 5 disease, many events do occur within that time frame.
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5. Conclusions

The role of WPRT remains a contentious topic in PCa radiation oncology. In this study, we 

analyzed the benefit of WPRT in patients with GG 5 disease, a group at a much higher a 

priori risk of having occult nodal metastases, based on prostatectomy series and emerging 

data with advanced imaging agents. Overall, WPRT was not associated with a benefit in 

bRFS. However, on subgroup-specific analysis, WPRT was associated with a significant 

benefit in patients receiving EBRT + BT, but not EBRT alone. These data suggest that in the 

highest-risk patients, if local control is achieved in the prostate, WPRT may be valuable in 

sterilizing regional microscopic disease. The lack of an association with clinical outcome 

benefits could be attributed to lack of power and may become apparent with time. Further 

studies designed to optimize WPRT, including with the use of more potent radiosensitizing 

ADT agents and/or optimization with advanced imaging, are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 –. 
Adjusted Kaplan-Meier curve and number at risk for biochemical recurrence-free survival 

by treatment group. BT = brachytherapy; EBRT = external-beam radiation therapy; WPRT = 

whole-pelvis radiation therapy.
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Fig. 2 –. 
Adjusted Kaplan-Meier curve and number at risk for distant metastasis-free survival by 

treatment group. BT = brachytherapy; EBRT = external-beam radiation therapy; WPRT = 

whole-pelvis radiation therapy.
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Fig. 3 –. 
Adjusted Kaplan-Meier curve and number at risk for prostate cancer-specific survival by 

treatment group. BT = brachytherapy; EBRT = external-beam radiation therapy; WPRT = 

whole-pelvis radiation therapy.
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Table 2 –

Propensity score and time-varying ADT-adjusted effects of WPRT on clinical outcomes, controlling for receipt 

of brachytherapy

Endpoint Hazard ratio (95% CI) p value

bRFS 0.7 (0.5–1.03) 0.07

DMFS 0.9 (0.6–1.4) 0.7

PCSS 0.7 (0.4–1.03) 0.06

ADT = androgen deprivation therapy; bRFS = biochemical recurrence-free survival; CI = confidence interval; DMFS = distant metastasis-free 
survival; PCSS = prostate cancer-specific survival; WPRT = whole-pelvis radiation therapy.
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Table 3 –

Propensity score and time-varying ADT-adjusted effects of WPRT on clinical outcomes, stratified by 

brachytherapy subgroup

Endpoint and subgroup Hazard ratio (95% CI) p value

EBRT

 bRFS 0.8 (0.6–1.2) 0.4

 DMFS 1.1 (0.7–1.7) 0.8

 PCSS 0.7 (0.4–1.1) 0.1

EBRT+BT

 bRFS 0.5 (0.2–0.9) 0.02

 DMFS 0.6 (0.3–1.4) 0.2

 PCSS 0.5 (0.2–1.2) 0.1

ADT = androgen deprivation therapy; bRFS = biochemical recurrence-free survival; CI = confidence interval; DMFS = distant metastasis-free 
survival; EBRT + BT = external-beam radiation therapy with brachytherapy boost; PCSS = prostate cancer-specific survival; WPRT = whole-pelvis 
radiation therapy.
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