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Abstract

The natural history of radiorecurrent high-risk prostate cancer (HRPCa) is not well-described. 

To better understand its clinical course, we evaluated rates of distant metastases (DM) and 

prostate cancer-specific mortality (PCSM) in a cohort of 978 men with radiorecurrent HRPCa 

who previously received either external beam radiation therapy (EBRT, n = 654, 67%) or EBRT + 

brachytherapy (EBRT + BT, n = 324, 33%) across 15 institutions from 1997 to 2015. In men who 

did not die, median follow-up after treatment was 8.9 yr and median follow-up after biochemical 

recurrence (BCR) was 3.7 yr. Local and systemic therapy salvage, respectively, were delivered 

to 21 and 390 men after EBRT, and eight and 103 men after EBRT + BT. Overall, 435 men 

developed DM, and 248 were detected within 1 yr of BCR. Measured from time of recurrence, 

5-yr DM rates were 50% and 34% after EBRT and EBRT + BT, respectively. Measured from 

BCR, 5-yr PCSM rates were 27% and 29%, respectively. Interval to BCR was independently 
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associated with DM (p < 0.001) and PCSM (p < 0.001). These data suggest that radiorecurrent 

HRPCa has an aggressive natural history and that DM is clinically evident early after BCR. 

These findings underscore the importance of further investigations into upfront risk assessment 

and prompt systemic evaluation upon recurrence in HRPCa.

Patient summary: High-risk prostate cancer that recurs after radiation therapy is an aggressive 

disease entity and spreads to other parts of the body (metastases). Some 60% of metastases occur 

within 1 yr. Approximately 30% of these patients die from their prostate cancer.

Keywords

Biochemical recurrence; Brachytherapy boost; EBRT; External beam radiation therapy; High-risk 
prostate cancer; Prostate cancer; Radiorecurrence; Recurrent prostate cancer

More than 50% of men with high-risk prostate cancer (HRPCa)—defined as the presence 

of Gleason grade group 4–5 disease, clinical T stage 3–4, or prostate-specific antigen 

(PSA) >20 ng/ml—will develop biochemical recurrence (BCR) during extended follow-up 

[1]. These recurrences, termed “radiorecurrence” in the context of BCR after radiotherapy 

(RT), are currently defined as a rise in PSA of ≥2 ng/ml above the post-RT nadir 

[2] and could represent local, regional, or distant disease. Management options include 

observation, androgen deprivation therapy (ADT), metastasis-directed therapy, and local 

salvage therapies [3,4], but the choice of treatment is obfuscated by a lack of prospective 

studies and a limited understanding of the natural history of radiorecurrent HRPCa. The 

purpose of this study was to evaluate clinical outcomes after BCR among patients who 

received definitive external beam RT (EBRT) or EBRT with a brachytherapy boost (EBRT + 

BT) for HRPCa.

The study population consisted of 978 men who developed BCR (defined as PSA nadir 

+ ≥2 ng/ml [2]) after receiving EBRT (n = 654, 67%) or EBRT + BT (n = 324, 33%) 

for HRPCa across 15 institutions from 1997 to 2015 (Supplementary Table 1). Follow-up 

times from completion of RT and from the date of BCR were summarized using the 

median and interquartile range (IQR) for men who did not die, and separately for men 

who did not develop distant metastasis (DM). The primary outcomes were DM and prostate 

cancer–specific mortality (PCSM), measured from the date of BCR. To better understand 

whether certain pretreatment and post-treatment characteristics might be associated with 

the development of metastases or mortality events after recurrence, multivariable Cox 

proportional-hazard models were used to evaluate the effects of the following prespecified 

covariates: age, Gleason grade group, ln(initial PSA [iPSA]), clinical T stage, and interval 

to BCR (calculated from the RT completion date to the date of BCR) on DM and PCSM. 

Models were assessed for the proportionality hazard assumption based on weighted residuals 

and observational tools [5]. Multivariable Cox proportional-hazard models adjusted for the 

same above-mentioned covariates were used to compare differences in time to systemic 

salvage therapy (initiation of new systemic therapies—including ADT and nonhormonal 

therapies—for radiorecurrence). Fine-Gray competing-risk regression models were also used 

to determine covariate-adjusted subdistribution hazard ratios (sHRs; adjusted for age at 

treatment, ln[iPSA], Gleason grade group, clinical T stage, interval to BCR, and treatment 

arm) for DM and PCSM after BCR. Death was the competing risk for DM and other-cause 
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mortality was the competing risk for PCSM. Fisher’s exact test and a Wilcoxon rank-sum 

test were used to evaluate differences in categorical and continuous variables, respectively, 

between EBRT and EBRT + BT. Tests of heterogeneity for all covariates between the 

treatment groups for both DM and PCSM were assessed using multivariable Cox regression 

models that included interaction terms between treatment arm and other predictors. Kaplan-

Meier methods were used to generate survival curves.

For men who did not die, median follow-up was 8.9 yr from RT completion and 3.7 yr from 

BCR. Clinicopathologic features at diagnosis are shown in Supplementary Table 2. Details 

of the treatments received are shown in Supplementary Table 3. Most men (90%) received 

neoad-juvant/concurrent ADT (90% with EBRT, median duration 23 mo; 91% with EBRT 

+ BT, median duration 8 mo). ADT duration was significantly longer in the EBRT group (p 
< 0.001). Local salvage was performed in 21 patients after EBRT and in eight patients after 

EBRT + BT. Systemic salvage was used in 390 men after EBRT and 103 men after EBRT 

+ BT; there was no significant difference between time to initiation of systemic salvage 

between EBRT and EBRT + BT (adjusted HR 1.01, 95% confidence interval [CI] 1.00–1.03; 

p = 0.14).

Kaplan-Meier curves for DM-free survival (DMFS) and prostate cancer–specific survival 

(PCSS) are presented in Figure 1. Measured from time of BCR, the 5-yr cumulative DM 

incidence rate was 50% among men treated with EBRT and 34% among men treated with 

EBRT + BT. Development of BCR within 3 yr of RT occurred in 378 men (261 after 

EBRT and 117 after EBRT + BT). A total of 330 men developed DM after EBRT and 

105 developed DM after EBRT + BT. Among 435 men who developed distant failure, DM 

occurred within 1 yr of BCR in 189 EBRT patients and 59 EBRT + BT patients. Measured 

from BCR, the 5-yr cumulative PCSM incidence was 27% overall, with incidences of 27% 

after EBRT and 29% after EBRT + BT.

Several significant interaction terms between treatment arm and predictors in Cox regression 

models for time to PCSM and DM were identified, suggesting heterogeneity of covariates 

across treatment arms (Supplementary Table 4). Therefore, Cox models for DM and PCSM 

are presented for each treatment arm (EBRT and EBRT + BT) separately in Table 1, with 

competing-risk regression models in Supplementary Table 5. On stratified multivariable Cox 

regression for both EBRT and EBRT + BT, interval to BCR was a predictor for DM (EBRT: 

HR 0.84, 95% CI 0.78–0.89; p < 0.001; EBRT + BT: HR 0.87, 95% CI 0.77–0.99; p = 0.03) 

and PCSM (EBRT: HR 0.72, 95% CI 0.63–0.81; p < 0.001; EBRT + BT: HR 0.81, 95% CI 

0.69–0.94; p = 0.008; Table 1).

This study represents the largest series of clinical outcomes for men with radiorecurrent 

HRPCa receiving definitive therapy in the modern era. A remarkably high number of DMs 

were diagnosed within 1 yr of BCR. Further highlighting the aggressive natural history, 

5-yr estimates of PCSM were nearly 30%. The only consistent predictor of DM and PCSM 

across both EBRT and EBRT + BT, as well as in the entire cohort, was interval to BCR, with 

longer interval associated with lower risk of DM and PCSM. This finding is consistent with 

prior reports for all-risk prostate cancer [1,6].
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Early DMs after BCR may be manifestations of occult micrometastatic disease present at the 

time of RT that ultimately progressed after cessation of ADT (or with castrate resistance). 

A proportion of these DMs may also simply reflect rapid progression from local recurrence 

to distant failure. The latter may also explain the separation of the DMFS curves (and 

rates) beyond the 1-yr mark: it is possible that greater initial local tumor eradication by 

the BT boost [7] may reduce these “late waves” of DMs [8], which would explain, at least 

in part, the overall lower DM rate observed after EBRT + BT compared to EBRT. As 

advanced imaging techniques, such as prostate-specific membrane antigen positron emission 

tomography/computed tomography, are further integrated into initial staging, identification 

of occult DM in high-risk populations may enhance upfront patient selection and treatment 

decision-making [9,10].

There are several limitations to this study. There are likely to be significant selection biases 

that impacted the choice of treatment with EBRT or EBRT + BT, such as performance status 

and comorbidities; these factors may have implications for a patient’s life expectancy, ability 

to tolerate upfront systemic therapies, and ability to undergo salvage therapies. In effect, 

the rates of DM and PCSM presented—and any differences observed between treatments—

are not solely reflective of outcomes after each treatment but may also reflect potential 

comorbidity confounders. Unfortunately, medical comorbidity data were not available. In 

addition, owing to the nature of multivariable analyses, the aggregate clinical picture of 

where each patient fell on the high-risk spectrum was not included in these models or 

outcomes, so treatment selection bias for very high-risk patients could also have influenced 

the predictive model results. Furthermore, details regarding diagnostic evaluation at the time 

of BCR, such as timing and use of imaging studies to detect local or distant recurrence, or 

biopsies of the prostate and/or potential metastatic sites, were not available. Thus, we cannot 

know the distribution of biochemical failures that were attributable to local recurrence, DM, 

or a combination of the two. This also precludes our ability to report the percentage of 

patients who received local salvage among those who were appropriate candidates. Further 

study is needed to better understand which men with radiorecurrent HRPCa might benefit 

from local salvage therapy.

Overall, our findings indicate that recurrence after RT for HRPCa follows an aggressive 

clinical course, as many these patients develop early metastases and may harbor 

micrometastatic disease. The markedly high rate of PCSM probably reflects that HRPCa 

that recurs after both ADT and local definitive treatment is biologically aggressive disease. 

Further studies are warranted to better evaluate whether advanced imaging and risk 

stratification tools can change the natural history after recurrence, and potentially even 

improve clinical outcomes by informing the initial treatment strategy for high-risk patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 –. 
Kaplan-Meier curves for (A,B) distant metastasis–free survival and (C,D) prostate cancer–

specific survival following biochemical recurrence (BCR) in men with high-risk prostate 

cancer treated initially with external beam radiotherapy (EBRT) or external beam 

radiotherapy plus brachytherapy boost (EBRT + BT). (A) Distant metastasis–free survival 

following BCR after EBRT. (B) Distant metastasis–free survival following BCR after EBRT 

+ BT. (C) Prostate cancer–specific survival following BCR after EBRT. (D) Prostate cancer–

specific survival following BCR after EBRT + BT.
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