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abstract

PURPOSEAdjuvant compared with early salvage radiation therapy (sRT) following radical prostatectomy (RP) has
not been shown to reduce progression-free survival in randomized controlled trials. However, these trials might
have missed a benefit in men with adverse pathology at RP given that these men were under-represented and
immortal time bias might have been present; herein, we investigate this possibility.

METHODS We evaluated the impact of adjuvant versus early sRT on all-cause mortality (ACM) risk in men with
adverse pathology defined as positive pelvic lymph nodes (pN1) or pGleason score 8-10 prostate cancer (PC)
and disease extending beyond the prostate (pT3/4). We used a treatment propensity score to minimize potential
treatment selection bias when estimating the causal effect of adjuvant versus early sRT on ACM risk and a
sensitivity analysis to assess the impact that varying definitions of adverse pathology had on ACM risk adjusting
for age at RP, PC prognostic factors, site, and the time-dependent use of post-RP androgen deprivation therapy.

RESULTS After a median follow-up (interquartile range) of 8.16 (6.00-12.10) years, of the 26,118 men in the
study cohort, 2,104 (8.06%) died, of which 539 (25.62%) were from PC. After excluding men with a persistent
prostate-specific antigen, adjuvant compared with early sRT was associated with a significantly lower ACM risk
among men with adverse pathology at RP when men with pN1 PC were excluded (0.33 [0.13-0.85]; P5 .02) or
included (0.66 [0.44-0.99]; P 5 .04).

CONCLUSION Adjuvant radiation therapy should be considered in men with pN1 or pGleason score 8 to 10 and
pT3/4 PC given the possibility that a significant reduction in ACM risk exists.
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INTRODUCTION
Adjuvant radiation therapy (aRT) to the prostatic bed
versus surveillance following radical prostatectomy
(RP) in men with extra-prostatic extension, seminal
vesicle invasion (SVI), or positive surgical margins
halved the risk of progression1-3 before the routine use
of post-RP prostate-specific antigen (PSA) monitoring
was practiced. Subsequently, three randomized
controlled trials (RCTs)4-7 where post-RP PSA moni-
toring was used investigated whether adjuvant versus
early salvage radiation therapy (sRT) was superior5-7 or
whether early salvage versus aRT was noninferior4 with
a primary end point of progression-free survival (PFS)
in two studies (GETUG-AFU 175,6 and RAVES4) and
metastasis-free survival in one study (RADICALS RT7).

While not significant, the point estimate of the PFS
hazard ratio (HR) comparing adjuvant with sRT
was. 1.0 in the largest study7 and in high-risk subsets

including SVI and prostatectomy (p) Gleason score 8-10
in the next largest study,4 suggesting that early sRTmay
be superior to aRT with respect to PFS. At best, PFS
following early sRT could be equivalent to aRT, but not
superior given the delay in the administration of treat-
ment when the PSA is detectable (ie, early salvage)
compared with undetectable (ie, adjuvant).

A possible explanation for these findings is immortal time
bias.8 Specifically, a patient randomly assigned to the
2-month course of aRT initiated treatment with an un-
detectable PSA, whereas on the sRT arm, men were re-
quired to start the 2-month course of sRTwithin 4months
of exceeding the PSA trigger level (. 0.1 ng/mL7

or . 0.2 ng/mL4-6) for recurrence with an assess-
ment for progression (PSA level $ 0.4 ng/mL) within
3months following sRT. Therefore, men on the sRT arm
would not be assessable for progression for several
months following the PSA trigger level to initiate sRT.
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Men with adverse pathology at RP are at high risk for re-
currence9 and include those with pelvic lymph node–positive
(pN1) disease or prostatectomy (p) Gleason score 8-10 and
extra-prostatic extension (pT3a) or SVI (pT3b) or invasion into
adjacent organs (pT4). When these men recur, their PSA
typically increases rapidly9 and can result in PSA rise from the
trigger PSA level of 0.1 ng/mL or 0.2 ng/mL to 0.4 ng/mL (ie,
progression), while sRT is being planned and delivered and
before the PSA response following sRT is assessed.8 If this
occurs, then men with adverse pathology would be scored as
having progressed on the early sRT arm at a later time
compared with men on the aRT arm explaining why early sRT
tended toward superiority compared with aRT.7 Therefore, the
question of whethermen with adverse pathology at RP benefit
from adjuvant compared with early sRT remains unknown
and was retrospectively investigated in the current study.

METHODS

Patient Population and Treatment

The study cohort comprised 26,118 men of median
[interquartile range (IQR)] age 62 (57-67) years with pT2-
4N0 or N1M0 prostate cancer (PC) consecutively treated
between June 23, 1989, and July 26, 2016, with RP and
pelvic lymph node assessment and then followed for
possible treatment with adjuvant or early sRT at the Uni-
versity Hospital Hamburg-Eppendorf (Hamburg, Ger-
many), Charité University Hospital (Berlin, Germany),
University Hospital Ulm (Ulm, Germany), and two aca-
demic centers in the United States including University of
California, San Francisco, and Johns Hopkins Medical
Institution. The use of aRT, early sRT, or no radiation
therapy (RT) among the 26,188 men is stratified by the
presence or absence of adverse pathology (Fig 1).

Prostatectomy specimens underwent review by a pathologist
with expertise in genitourinary pathology. In accord with
federal and institutional guidelines,men signed an institutional

review board–approved, protocol-specific informed consent
form permitting prospective collection of deidentified data at
baseline and follow-up, which were entered into a secure,
password-protected database for outcome analysis. Aminority
of data were collected retrospectively.

Follow-up and Determination of the Cause of Death

Follow-up started on the day of RP and concluded on the date
of last follow-up or the date of death, whichever came first; no
patient was lost to follow-up. The database was last updated
on October 2, 2020. During follow-up, patients had a PSA test
and rectal examination and were seen every 3 months for 1
year, every 6 months for an additional 4 years, and then
annually thereafter. To assign PC-specificmortality (PCSM) as
the cause of death, castrate-resistant metastatic PC on the
basis of a rising PSA level in the setting of a testosterone
level , 20 ng/dL before death needed to be confirmed.

Statistical Analysis (Protocol, online only)

Comparison of the distribution of clinical factors and post-
operative treatment. Comparisons of the distribution of
clinical factors and post-RP treatment stratified by no or
adjuvant versus early sRT among men with no adverse
pathology or adverse pathology including and excluding pN1
PC were made using a Mantel-Haenszel x2 metric10 for
categorical covariates; in the case of a small sample size, a
Fisher exact test11 was used. For continuous covariates,
such as age and year of treatment, medians and their dis-
tributions were compared using a Wilcoxon 2-sample test.12

Univariable and multivariable hazard ratios for all-cause
mortality risk. Univariable and multivariable regression
using method by Cox13 was used to evaluate whether all-
cause mortality (ACM) risk was significantly associated with
the use of adjuvant versus early sRT in an interaction
model13 among men with or without evidence of adverse
pathology at RP. The same RT timing question was asked
among men with evidence of adverse pathology at RP but

CONTEXT

Key Objective
Did prior randomized trials miss the benefit of delivering adjuvant compared with early salvage radiation therapy (sRT) in

men with adverse prostate cancer pathology at radical prostatectomy (RP) because of inadequate power and/or the
presence of immortal time bias?

Knowledge Generated
Adjuvant compared with early sRT was associated with a reduction in the risk of death amongmen with adverse pathology at

RP, which included those with prostatectomy Gleason score 8-10 prostate cancer and extension of the cancer beyond
the prostate and/or involved pelvic lymph nodes.

Relevance
Three randomized trials and an associated meta-analysis found no difference in progression-free survival when comparing

adjuvant with early sRT, which can cause many physicians to not offer adjuvant radiation therapy, irrespective of the
pathologic findings at RP. We provide evidence to support that adjuvant compared with early sRT may lower the risk of
death in men with adverse pathology at RP.
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excluding men with pN1 PC given that these men were not
included in two of three RCTs.4-6 We define early sRT (t) as
the time-dependent baseline group and report the results
for adjuvant versus early sRT (t) and no RT versus early sRT
(t) among men with or without adverse pathology at RP. In
addition to PC prognostic factors, all models were adjusted
for site with University Hospital Hamburg-Eppendorf as the
reference group, age at RP, and the time-dependent use14

of post-RP androgen deprivation therapy (ADT), which
could be in the adjuvant or salvage setting. Finally, an
assessment of treatment in men with and without adverse
pathology by institution interaction13 was performed. Time
zero was defined as the date of RP.

Treatment propensity score. The treatment propensity
score (PS)15 represents the probability of treatment as-
signment conditional on observed baseline prognostic
covariates. PSs were estimated using multinomial logistic
regression, with treatment (aRT, early sRT, and no RT) as
the outcome and age in years at RP (continuous) and year
of RP categorized about the median, ln (initial pre-RP PSA
level, continuous), and margin status (1 v –) as prognostic
covariates. To minimize the potential bias when estimating
treatment effect of aRT, early sRT, or no RT on ACM risk in
the Cox model,13 we adjust using a treatment PS. Age is
used twice in the adjusted model because physicians in-
corporate age in decisions regarding treatment selection
and age is also prognostic for ACM risk.

Sensitivity analysis. A sensitivity analysis16 was performed
using different definitions of adverse pathology including
the three definitions used in the three RCTs4-7 to ascertain
the impact of varying definitions of adverse pathology on the
adjusted HR of ACM for men who underwent adjuvant
versus early sRT. For the Cox model,13 an event was

defined as any death. The assumptions of the Cox model13

were tested, and no evidence was found that these as-
sumptions were violated. Unadjusted and adjusted HRs for
ACM, with associated 95% CIs and P values, were cal-
culated for each covariate.

Adjusted estimates of ACM. For the purpose of illustration,
adjusted estimates of ACM (1 minus Kaplan-Meier17 esti-
mates of overall survival [OS]) following RP stratified by no
RT and the time-dependent treatment groups of aRT or
early sRT among men with adverse pathology or all others
were calculated using the extended Kaplan-Meier method
with time-dependent treatment groups.14 These esti-
mates were adjusted for the treatment PS16 and the fixed
covariates of age at RP,18 institution with University Hos-
pital Hamburg-Eppendorf as the baseline institution, and
the time-dependent use14 of post-RP ADT. A 2-sided
P value # .05 was considered statistically significant, and
the Bonferroni method19 was used for multiplicity ad-
justment of six comparisons such that the smallest P value
needed to be # .05/.06 or # .0083 to be considered
significant. P values for the adjusted plots were calculated
using the Cox13 model and were adjusted for both fixed and
time-dependent covariates. R (version 4.0.3; R Founda-
tion for Statistical Computing, Vienna, Austria) was used to
calculate Kaplan-Meier estimates with time-dependent
treatment covariates. SAS (version 9.4; SAS Institute Inc,
Cary, NC) was used for all other calculations.

RESULTS

Description and Comparison of the Distribution of Clinical

Factors and Postoperative Treatment

Of the 26,118, 819 (3.14%) received aRT (ie, PSA
level , 0.1 ng/mL) generally within 6 months of RP and

Men with pT2-4N0 or N1M0
PC consecutively treated with

 radical prostatectomy and pelvic 
lymph node assessment 

(N = 26,118) 

With adverse pathology   (n = 2,424)
    With pN0 PC                    (n = 933)

aRT 
(n = 428)
pN0 PC 
(n = 109)

No RT 
(n = 965) 
pN0 PC 
(n = 379)

Early sRT 
 (n = 1,031)

 pN0 PC 
(n = 445)

Without adverse pathology 
(n = 23,694)

aRT 
(n = 391)

No RT 
(n = 19,733)

Early sRT 
(n = 3,570)

FIG 1. CONSORT diagram illustrating the distribution of adjuvant, early salvage, or no RT use over the study period
among the 26,118 men in the study cohort stratified by the presence or absence of adverse pathology. aRT,
adjuvant radiation therapy; PC, prostate cancer; RT, radiation therapy; sRT, salvage radiation therapy; T, tumor
category.
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4,601 (17.72%) underwent early sRT at a median PSA of
0.30 ng/mL (IQR: 0.20-0.62). Of the 4,601 men who re-
ceived early sRT, 655 had a persistent PSA (14.24%)
defined as the PSA level $ 0.1 ng/mL postoperatively and
were categorized into the early sRT group. Adjuvant ADT
and salvage ADT (sADT) were used in 352 (1.35%) and
2,532 (9.69%) men, respectively. aRT was delivered at a
median of 3.55 months (IQR: 2.79-4.50 months) after RP
to the prostatic bed (median dose: 68.4 Gy) and 45.0 Gy to
the pelvic lymph nodes if involved and at the discretion of
the treating physician. Adjuvant ADT was given for a me-
dian of 9.17 months (IQR: 3.94-23.49 months). Among
26,118 men, 1,491 (5.71%) were found to have pN1 PC
(median number of lymph nodes removed: 12 [IQR: 7-19]),
of which 319 (21.4%) received aRT and 241 (16.16%)
received adjuvant ADT. sADT was delivered following PSA
failure and clinical or radiographic evidence of progression
after receiving aRT or early sRT. Men who received neither
aRT nor early sRT (ie, No RT group) never experienced PSA
failure during the conduct of the study or were treated with
sADT alone at progression (Table 1).

As shown in Table 1, men with adverse pathology including
pN1 PC who underwent adjuvant compared with early sRT
had a significantly higher proportion of pT3a or higher
(97.90% v 94.48%; P 5 .002) and margin-positive PC
(82.71% v 45.68%: P , .001), whereas sADT use was
significantly lower (36.21% v 47.53%; P, .001). Similarly,
among men undergoing adjuvant compared with early sRT
with adverse pathology excluding pN1 PC, the proportion of
men with margin-positive PC was significantly higher
(88.07% v 45.17%; P , .001) and sADT use was less
(35.78% v 45.84%; P 5 .06).

Univariable and Multivariable HRs for ACM Risk

Men included in the study had a minimum follow-up of 4
years and a maximum follow-up of 28.41 years and initiated
treatment within 4-6 weeks of diagnosis. After a median
follow-up (IQR) of 8.16 (6.00-12.10) years, 2,104 (8.06%)
men died, of which 539 (25.62%) were from PC. As shown
in Table 2, adjuvant compared with early sRTwas associated
with a significantly lower ACM risk among men with adverse
pathology at RP when men with pN1 PC were excluded
(0.31 [0.12-0.78]; P 5 .01) or included (0.61 [0.41-0.89];
P5 .01), whereas no significant association was observed in
men without adverse pathology at RP (P $ .28).

Sensitivity Analysis

The results of the sensitivity analysis are shown in Table 3.
After excluding men with adverse pathology who had a
persistent PSA from the early sRT cohort, the association of
a reduced ACM risk with adjuvant as compared with early
sRT remained significant (0.33 [0.13-0.85]; P5 .02) (0.66
[0.44-0.99]; P 5 .04) when men with pN1 PC were ex-
cluded or included, respectively. There was a significant
association with adjuvant as compared with sRT use and
decreased ACM risk in men with a positive margin

and $ pT3a PC (0.55 [0.34-0.90]; P 5 .02), but this
significance was lost when excluding men with a persis-
tent PSA (0.67 [0.37-1.001]; P 5 .0504). When defining
adverse pathology as per the patient selection criteria
from the three RCTs,4-7 adjuvant as compared with early
sRT was not significantly associated with lower ACM risk
(PRADICALS-RT5 .49,PRAVES5 .22, andPGETUG-AFU 175 .0504).

Adjusted Estimates of ACM

After adjustment for six comparisons, as illustrated in
Figure 2A, men with adverse pathology including pN1 PC
had adjusted ACM estimates that were significantly lower
with aRT (P, .001), but not no RT (P5 .09) compared with
early sRT. Similarly, men with adverse pathology excluding
pN1 PC had adjusted ACM estimates that were significantly
lower with aRT (P 5 .003), but not no RT (P 5 .36)
compared with early sRT as shown in Figure 2B. These
respective comparisons had P values of .57 and .11 among
men without adverse pathology as shown in Figure 2C.

Ten-year adjusted point estimates of ACM and associated
95% CI were 13.78% (95% CI, 8.43 to 22.12), 27.32%
(95% CI, 22.54 to 32.88), and 21.98% (95% CI, 18.30 to
26.27) for men with adverse pathology including pN1 PC
who received adjuvant, no, or early sRT, respectively.
These respective estimates were 5.13% (95% CI, 2.00 to
12.82), 25.32% (95% CI, 18.95 to 33.34), and 22.15%
(95% CI, 17.55 to 27.74) for men with adverse pathology
excluding pN1 PC and 7.82% (95% CI, 4.55 to 13.28),
8.81% (95% CI, 7.35 to 10.54), and 7.95% (95% CI, 6.82
to 9.24) for men without adverse pathology. The differences
in the 10-year adjusted point estimates of ACM for men
undergoing aRT versus early sRT with adverse pathology
including or excluding pN1 PC were –8.20% (95% CI,
–15.96 to –0.43) and –17.02% (95% CI, –24.00 to –10.05),
respectively. Given that the 95% CI of the difference in the
10-year adjusted point estimates of ACM excluded 0.00
verifies that the 10-year adjusted point estimates for aRT
and early sRT are significantly different and given the
magnitude of these differences, also clinically relevant.

DISCUSSION

We found that among men with adverse pathology at RP
including pN1 or pGleason score 8-10 and pT3a or higher
PC, adjuvant compared with early sRT was associated with
a significant reduction in ACM risk. This association of
reduced ACM risk with adjuvant compared with early sRT is
strengthened given that men who underwent adjuvant
compared with early sRT had less favorable PC prognostic
factor distributions, which should have placed them at
higher risk for needing sADT and dying. However, they had
lower rates of sADT use and a lower ACM risk.

The clinical significance of this finding is that there exists a
subset of men with adverse pathology at RP who may
experience a lower ACM risk when adjuvant as opposed to
early sRT is delivered. Yet, three randomized trials4-7 and a
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TABLE 1. Comparison of the Distribution of Clinical Factors and Post-RP Treatment Stratified by No or Adjuvant as Compared With Early sRT Among Men With No Adverse Pathology or Adverse Pathology
Including and Excluding pN1 Prostate Cancer

Clinical Factors,
Post-RP Treatment

All Men
(N 5 26,118)

Adverse Pathology Including pN1 (n 5 2,424) Adverse Pathology Excluding pN1 (n 5 933) No Adverse Pathology (n 5 23,694)

No RT aRTa sRTa
P: No RT v sRT, aRT v

sRT No RT aRTa sRTa
P: No RT v sRT,

aRT v SRT No RT aRTa sRTa
P: No RT v sRT, aRT v

sRT

Median age at RP,
years (IQR)

62 (57-67) 64 (58-78) 64 (60-69) 64 (58-68) .92, .18 63 (58-68) 65 (61-68) 64 (58-68) .72, .048 62 (57-67) 64 (59-68) 62 (57-67) .03, , .001

Median year of RP
(IQR)

2008 (2003-2012) 2009 (2000-2013) 2012 (2009-2014) 2011 (2007-2013) , .001, , .001 2007 (1999-2012) 2011 (2008-2013) 2009 (2005-2012) , .001, , .001 2008 (2003-2012) 2009 (2006-2012) 2008 (2003-2011) .04, , .001

Pre-RP PSA level,
ng/mL

, 4 3,275 (12.54%) 72 (7.46%) 20 (4.67%) 52 (5.04%) , .001, .94 42 (11.08%) 10 (9.14%) 37 (8.31%) .003, .88 2,861 (14.50%) 16 (4.09%) 254 (7.11%) , .001, , .001

4-10 15,635 (59.86%) 394 (40.83%) 152 (35.51%) 361 (35.01%) 191 (50.04%) 47 (43.12%) 184 (41.35%) 12,540 (63.55%) 197 (50.38%) 1,991 (55.77%)

. 10 7,208 (27.60%) 499 (51.71%) 256 (59.81%) 618 (59.94%) 146 (38.52%) 52 (47.71%) 224 (50.34%) 4,332 (21.95%) 178 (45.52%) 1,325 (37.11%)

AJCC prostatectomy
stage

T2 17,184 (65.79%) 65 (6.74%) 9 (2.10%) 61 (5.92%) .45, .002 — — — NA 15,344 (77.76%) 55 (14.07%) 1,650 (46.22%) , .001, , .001

T3a or higher 8,934 (34.21%) 900 (93.26%) 419 (97.90%) 970 (94.48%) 379 109 445 4,389 (22.24%) 366 (85.93%) 1,920 (53.78%)

Prostatectomy
Gleason score

7 or less 24,258 (92.88%) 391 (40.52%) 168 (39.25%) 380 (36.86%) .09, .39 — — — NA 19,475 (98.69%) 383 (97.95%) 3,461 (96.95%) , .001, .26

8-10 1,860 (7.12%) 574 (59.48%) 260 (60.75%) 651 (63.14%) 379 109 445 258 (1.31%) 8 (2.05%) 109 (3.05%)

Prostatectomy
margin status

Negative 21,498 (82.31%) 673 (69.74%) 74 (17.29%) 560 (54.32%) , .001, , .001 287 (75.73%) 13 (11.93%) 224 (54.83%) , .001, , .001 17,632 (89.35%) 45 (11.51%) 2,514 (70.42%) , .001, , .001

Positive 4,620 (17.69%) 292 (30.26%) 354 (82.71%) 471 (45.68%) 92 (24.27%) 96 (88.07%) 201 (45.17%) 2,101 (10.65%) 346 (88.49%) 1,056 (29.58%)

Prostatectomy nodal
status

Negative 24,627 (94.29%) 379 (39.27%) 109 (25.47%) 445 (43.16%) .08, , .001 379 109 445 NA 19,733 391 3,750 NA

Positive 1,491 (5.71%) 586 (60.73%) 319 (74.53%) 586 (56.84%) — — — — — —

Adjuvant ADTa

Yes 352 (1.35%) 53 (5.49%) 158 (36.92%) 80 (7.76%) .04, , .001 8 (2.11%) 24 (22.02%) 18 (4.04%) .11, , .001 23 (0.12%) 26 (6.65%) 12 (0.34%) .002, , .001

No 25,766 (98.65%) 912 (94.51%) 270 (63.08%) 951 (92.24%) 371 (97.89%) 85 (77.98%) 427 (95.96%) 19,710 (99.89%) 365 (93.35%) 3,558 (99.66%)

sADTa

Yes 2,532 (9.69%) 232 (24.04%) 155 (36.21%) 490 (47.53%) , .001, , .001 61 (16.09%) 39 (35.78%) 204 (45.84%) , .001, .06 449 (2.28%) 59 (15.09%) 1,147 (32.13%) , .001, , .001

No 23,586 (90.31%) 733 (75.96%) 273 (63.79%) 541 (52.47%) 318 (83.91%) 70 (64.22%) 241 (54.16%) 19,284 (97.72%) 332 (84.91%) 2,423 (67.87%)

Abbreviations: ADT, androgen deprivation therapy; AJCC, American Joint Commission of Cancer; aRT, adjuvant radiation therapy; IQR, interquartile range; NA, not available; pN1, prostatectomy
node–positive; PSA, prostate-specific antigen; RP, radical prostatectomy; RT, radiation therapy; sADT, salvage androgen deprivation therapy; sRT, salvage radiation therapy; T, tumor.

aComparisons of the distribution of time-dependent postoperative treatment covariates are made retrospectively given that time 0 is defined as the date of RP.
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TABLE 2. Treatment PS AHRs for the Risk of Death Including (Top Row) and Excluding (Bottom Row) Men With pN1 PC

Covariate No. of Men No. of Deaths No. of PC Deaths

Univariable Analysis Multivariable Analysis

ACM, HR (95% CI) P ACM, AHR (95% CI) P

Adverse pathologya present

aRT(t) 428 37 20 0.79 (0.55 to 1.14) .21 0.61 (0.41 to 0.89) .01

109 5 1 0.38 (0.16 to 0.95) .04 0.31 (0.12 to 0.78) .01

No RT(t) 965 210 130 0.80 (0.65 to 0.99) .04 1.09 (0.88 to 1.36) .42

379 87 46 0.70 (0.52 to 0.96) .03 1.14 (0.83 to 1.57) .42

sRT(t) 1,031 150 87 1.0 (Ref) — 1.0 (Ref) —

445 77 43 1.0 (Ref) — 1.0 (Ref) —

Adverse pathologya absent

aRT(t) 391 21 7 0.82 (0.52 to 1.27) .37 0.78 (0.50 to 1.22) .28

391 21 7 0.83 (0.53 to 1.29) .42 0.81 (0.52 to 1.27) .36

No RT(t) 19,733 1,364 156 0.70 (0.62 to 0.79) , .001 1.07 (0.93 to 1.23) .33

19,733 1,364 156 0.71 (0.63 to 0.80) , .001 1.09 (0.95 to 1.26) .22

sRT(t) 3,570 322 139 1.0 (Ref) — 1.0 (Ref) —

3,570 322 139 1.0 (Ref) — 1.0 (Ref) —

Treatment PS

PS for selection of aRT v (sRT or no RT) 26,118 2,104 539 1.02 (1.01 to 1.03) .005 0.99 (0.98 to 0.993) , .001

24,627 1,876 392 1.01 (0.99 to 1.03) .60 0.98 (0.97 to 0.99) , .001

PS for selection of sRT v (aRT or no RT) 26,118 2,104 539 1.03 (1.02 to 1.03) , .001 0.99 (0.98 to 1.01) .43

24,627 1,876 392 1.03 (1.02 to 1.03) , .001 0.97 (0.95 to 0.997) .03

Patient and PC prognostic factors

Age at RP, years 26,118 2,104 539 1.08 (1.07 to 1.09) , .001 1.07 (1.06 to 1.08) , .001

24,627 1,876 392 1.09 (1.08 to 1.10) , .001 1.08 (1.07 to 1.09) , .001

Adverse pathology

Present 2,424 397 237 2.78 (2.29 to 3.38) , .001 2.04 (1.68 to 2.50) , .001

933 169 90 2.82 (2.20 to 3.61) , .001 2.15 (1.67 to 2.78) , .001

Absent 23,694 1,707 302 1.0 (Ref) — 1.0 (Ref) —

23,694 1,707 302 1.0 (Ref) — 1.0 (Ref) —

Institutionb

UCSF 735 97 17 1.45 (1.18 to 1.78) , .001 1.51 (1.23 to 1.86) , .001

735 97 17 1.58 (1.28 to 1.95) , .001 1.49 (1.21 to 1.85) , .001

Johns Hopkins Medical Institute 7,560 717 229 0.73 (0.67 to 0.81) , .001 1.05 (0.95 to 1.16) .35

7,358 651 174 0.74 (0.67 to 0.82) , .001 1.05 (0.94 to 1.17) .41

Charité University Hospitalc and University Hospital Ulmc 505 55 2 1.16 (0.89 to 1.52) .28 0.94 (0.71 to 1.24) .65

505 55 2 1.28 (0.98 to 1.68) .08 0.91 (0.69 to 1.21) .53

University Hospital Hamburg-Eppendorf 17,318 1,235 291 1.0 (Ref) — 1.0 (Ref) —

16,029 1,073 199 1.0 (Ref) — 1.0 (Ref) —

Time-dependent ADT use

Adjuvant ADT(t) 352 55 34 2.44 (1.86 to 3.20) , .001 1.64 (1.21 to 2.21) .001

111 16 9 1.84 (1.12 to 3.01) .02 1.70 (1.02 to 2.84) .04

sADT(t) 2,532 488 295 3.33 (3.00 to 3.69) , .001 2.37 (2.09 to 2.69) , .001

1,959 357 207 3.07 (2.74 to 3.45) , .001 2.43 (2.11 to 2.79) , .001

Abbreviations: ACM, all-causemortality; ADT, androgen deprivation therapy; AHR, adjusted hazard ratio; aRT, adjuvant radiation therapy; HR, hazard ratio;
PC, prostate cancer; pN1, prostatectomy node positive; PS, propensity score; Ref, reference or baseline group; RP, radical prostatectomy; RT, radiation
therapy; sADT, salvage androgen deprivation therapy; sRT, salvage radiation therapy; t, time dependence; UCSF, University of California San Francisco.

aAdverse pathology includes pGleason scores 8-10 plus pT3a or higher PC with or without pN1 PC.
bAn assessment of treatment in men with and without adverse pathology by US versus German institution(s) interaction was performed and found not to be

significant when pN1 PC was included (P 5 .52) or excluded (P 5 .77) from the definition of adverse pathology.
cInstitutions are combined given that they represent all men treated following RP in the same way by the two authors (Wiegel and Bohmer); one author

(Wiegel) moved from Berlin to Ulm in 2005.
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meta-analysis20 on the basis of PFS primarily driven by PSA
failure suggest no difference when using adjuvant com-
pared with early sRT, which can lead physicians to not offer
aRT to any patient,21 which could result in an increased risk
of death in the subset of men with adverse pathology at RP.

Several points require further discussion. First, selection
bias can exist in nonrandomized comparisons. For ex-
ample, men selected for adjuvant as compared with early
sRT might have been healthier and, therefore, survived
longer, leading to less death from non-PCSM. Therefore,
the magnitude of the reduction in ACM risk we report that is
associated with adjuvant as compared with sRT may
overestimate the actual reduction (Appendix, online only).
Second, fewer men have undergone salvage as compared
with aRT on the RADICALS RT7 ANDGETUG-AFU 176 trials
where concurrent post-RP ADT with RT was used in some
or all men, respectively. This difference raises the question
as to the reliability of the PFS end point as assessed in the
recent RCTs4-7 and meta-analysis20 given that ADT use can
delay time to progression. Third, although the RADICALS
RT trial7 was designed to evaluate metastasis-free survival,
this end point can also be confounded by the timing of post-
RP sADT use unless strict rules for its use are detailed and
followed on both randomized treatment arms (eg, to start
within 1 month of documenting PSA failure), whereas OS
should not be confounded by the timing of post-RP sADT
use and therefore would be the ideal end point. However,
the RADICALS RT study might not be powered to assess
OS. Moreover, the cohort of men in whom we identified a

possible reduction in ACM risk in the current study are
those with pGleason score 8-10 and pT3a or higher PC who
comprised at most 9%-17% of men enrolled in the three
randomized trials4-7 that investigated the question of ad-
juvant versus early sRT. Therefore, whether a future meta-
analysis of the three RCTs4-7 will be adequately powered to
evaluate the impact of adjuvant versus early sRT on OS in
this important high-risk subgroup22,23 remains to be an-
swered. Until then, we addressed this question by using a
large international and multi-institutional database using a
treatment PS15 to minimize potential treatment selection
bias when estimating the causal treatment effect of adju-
vant, early salvage, or no RT on ACM risk and adjusted for
age at RP, PC prognostic factors, site, and post-RP ADT use
as a time-dependent covariate14 and not as a dichotomous
categorical covariate.24 Moreover, we required a minimum
follow-up of 4 years yielding amedian follow-up time of 8.16
years permitting evaluation of the long-term outcome of
ACM. Finally, the Radiation Therapy Oncology Group
053425 and GETUG-AFU 1626 studies observed a PFS
benefit in the salvage setting when elective pelvic lymph
node RT was added to prostatic bed RT and short-course
ADT and when 6 months of ADT was added to pelvic lymph
node and prostatic bed RT, respectively. Also, an OS
benefit was observed in RTOG 960127 when long-course
ADT was added to sRT. However, whether the addition of
pelvic RT and/or supplemental ADT can reduce the risk of
ACMwhen delivered in conjunction with aRT as opposed to
sRT in men with adverse pathology at RP remains to be

TABLE 3. Sensitivity Analysis Using Different Definitions of Adverse Pathology and Associated Treatment Propensity Score AHRs for the Risk of Death
Following Adjuvant Versus Early Salvage Radiation Therapy

Definition of Adverse Pathology No. of Men (%)

Adverse Pathology Present

AHR (95% CI) P

($ pT3 and $ pGL 8) or pN1 2,424 (9.28) 0.61 (0.41 to 0.89) .01

As above excluding men with a persistent PSA 2,106 (8.27) 0.66 (0.44 to 0.99) .04

($ pT3 and $ pGL 8) and pN0 933 (3.79) 0.31 (0.12 to 0.78) .01

As above excluding men with a persistent PSA 826 (3.42) 0.33 (0.13 to 0.85) .02

($ pT3 OR margin 1) and pN0 9,083 (36.88) 0.70 (0.46 to 1.05) .09

As above excluding men with a persistent PSAa 8,719 (36.05) 0.77 (0.51 to 1.17) .22

($ pT3 AND margin 1) and pN0 2,387 (9.69) 0.55 (0.34 to 0.90) .02

As above excluding men with a persistent PSAb 2,192 (9.06) 0.61 (0.37 to 1.001) .05c

Pre-RP PSA $ 10 ng/mL OR $ pT3 OR margin 1 OR $ pGL 7 (can include pN1) 20,518 (78.56) 0.78 (0.58 to 1.06) .11

As above excluding men with a persistent PSAd 19,875 (78.05) 0.89 (0.66 to 1.21) .49

(Pre-RP PSA $ 10 ng/mL OR $ pT3 OR margin 1 OR $ pGL 7) and pN0 19,029 (77.27) 0.79 (0.52 to 1.19) .25

As above excluding men with a persistent PSA 18,597 (76.90) 0.89 (0.59 to 1.35) .59

Abbreviations: AHR, adjusted hazard ratio; N, node; pGL, prostatectomy Gleason score; PSA, prostate-specific antigen; RP, radical prostatectomy; T, tumor
category.

aPatient eligibility criteria for the RAVES4 trial; one patient in the RAVES trial had pN1 prostate cancer.
bPatient eligibility criteria for the GETUG-AFU 175,6 trial.
cExact P 5 .0504.
dPatient eligibility criteria for the RADICALS-RT7 trial.
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answered as well as the role of genomic classifiers28 in
identifying men who may benefit from adjuvant as com-
pared with sRT.

In conclusion, three randomized trials4-7 and a meta-
analysis20 found no difference in PFS for adjuvant compared

with early sRT use. However, a benefit might have been
missed in men with adverse pathology at RP because of
inadequate power and the presence of immortal time
bias.29 We provide evidence to support that adjuvant
compared with early sRT may lower ACM risk in these men.
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FIG 2. Adjusted estimates of ACM among (A) the 2,424 men with adverse pathology including pN1 and (B) 933 excluding pN1 prostate cancer and (C)
23,694 without adverse pathology comparing time-dependent adjuvant or no RT with time-dependent early salvage RT. x-axis begins at the minimum
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APPENDIX
Sub-Distribution of Adjusted Hazard Ratios for Prostate

Cancer–Specific and Non–Prostate Cancer-Specific

Mortality

Although men selected for radical prostatectomy are generally
healthy, selection bias can still exist in nonrandomized compari-
sons. Specifically, men selected for adjuvant as compared with
early salvage radiation therapy (sRT) might have had less
comorbidity and, as a result, survived longer, leading to less death
from nonprostate cancer–specific mortality (PCSM). As a result, the
magnitude of the reduction in all-cause mortality (ACM) risk we
report that is associated with adjuvant as compared with early sRT
may overestimate the actual reduction in ACM risk. To address this
possibility, we ran a Fine and Grays competing risk (Fine J, et al: J
Am Stat Assoc 94:496-509, 1999) multivariable interaction model
for the end points of PCSM and non-PCSM, which was analogous to
the model by Cox (Klein J and Moeschberger M, Norwell, MA,

Springer, 2013) that we ran for the ACM end point, to assess whether

the association of a reduction in ACM risk with adjuvant as compared

with early sRT was the result of less PCSM risk or less non-PCSM risk
or both.

We found that a reduction in PCSM risk appeared to be the main
contributor to the reduction in ACM risk given that adjusted hazard
ratio (AHR) comparing adjuvant radiation therapy with early sRT for
PCSM (AHR: 0.62; P 5 .08 and AHR: 0.14; P 5 .06) was lower and
closer to significance when comparing these results for non-PCSM
(AHR: 0.74; P 5 .33 and AHR: 0.66; P 5 .48) when men with or
without pN1 prostate cancer were included in the definition of adverse
pathology, respectively.

Therefore, although we show that the reduction in PCSM risk was the
primary contributor to the reduction in ACM risk, the possibility that
there was also some contribution to this reduction in ACM risk from a
reduction in non-PCSM risk cannot be excluded. This means that the
ACM risk reduction we report may overestimate the actual reduction.
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