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abstract

PURPOSE Both the performance characteristics of prostate-specific membrane antigen positron emission to-
mography and insurance approval improves with increasing prostate-specific antigen (PSA) level causing some
physicians to delay post-radical prostatectomy salvage radiation therapy (sRT) after PSA failure. Yet, it is
unknown for men with at most one high-risk factor (ie, pT3/4 or prostatectomy [p] Gleason score 8-10) whether a
PSA level exists above which initiating sRT is associated with increased all-cause mortality (ACM)-risk and was
investigated.

METHODSUsing amultinational database of 25,551 patients with pT2-4N0 or NXM0prostate cancer, multivariable
Cox regression analysis evaluated whether an association with a significant increase in ACM-risk existed when sRT
was delivered above a prespecified PSA level beginning at 0.10 ng/mL and in 0.05 increments up to 0.50 ng/mL
versus at or below that level. The model was adjusted for age at and year of radical prostatectomy, established
prostate cancer prognostic factors, institution, and the time-dependent use of androgen deprivation therapy.

RESULTS After a median follow-up of 6.00 years, patients who received sRT at a PSA level .0.25 ng/mL had a
significantly higher ACM-risk (AHR, 1.49; 95% CI, 1.11 to 2.00; P 5 .008) compared with men who received
sRT when the PSA was #0.25 mg/mL. This elevated ACM-risk remained significant for all PSA cutpoints up to
0.50 ng/mL but was not significant at PSA cutpoint values below 0.25 ng/mL.

CONCLUSION Among patients with at most one high-risk factor, initiating sRT above a PSA level of 0.25 ng/mL
was associated with increased ACM-risk.
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INTRODUCTION

Prostate-specific membrane antigen positron emission
tomography (PSMA-PET) as compared with conven-
tional imaging (bone scan, computed tomography, or
magnetic resonance imaging of the abdomen and
pelvis) seems to improve the detection of clinical re-
currence in men with prostate-specific antigen (PSA)
failure and a PSA level of at least 0.20 ng/mL after
radical prostatectomy (RP) for prostate cancer (PC)1

and is US Food and Drug Administration approved. The
approval was supported by findings from the phase III
CONDOR trial,1 in which 63.9% of men with PSA failure
($0.20 ng/mL) who did not have definitive evidence of
recurrence using standard imaging had a change in
management on the basis of the 18F-DCFPyL-PET/CT
findings. The correct localization rate (CLR) on the basis
of histopathology, subsequent confirmatory imaging, or
post-RT PSA response of PSMA PET/CT according
to PSA levels ranged from 73%-77%, 73%-77%,
78%-85%, 80%-92%, and 90%-97% for men whose
PSA level ranged from ,0.5, 0.5-1.0, 1.0-2.0, 2.0-5.0,

or .5.0 ng/mL, respectively. Yet, at lower PSA levels
,0.2 ng/mL, a meta-analysis2 where only histopathol-
ogy was used to confirm the CLR found this value to be
only 40%using 68Ga-PSMA-11 PET.Wewould expect a
similar CLR using the 18F-PSMA-11 tracer given that in a
prospective double blinded randomized cross over
study design the tracer 18F-PSMA-11 was found to be
noninferior to 68Ga-PSMA-11 in detecting PC in men
with newly diagnosed or biochemically recurrent PC
after RP.3 With only a 40% chance of correctly iden-
tifying recurrent disease at PSA levels ,0.2 ng/mL,
many insurers in the United States (eg, Blue Cross and
Blue Shield) will not reimburse a PSMA-PET scan
unless the patient has documented PSA failure
($0.20 ng/mL and rising) as per the American Uro-
logical Association/American Society for Radiation
Oncology/Society of Urologic Oncology definition.4,5

Given that both the performance characteristics of
PSMA-PET and insurance approval improve with in-
creasing PSA level, some physicians choose not to initiate
post-RP salvage radiation therapy (sRT) until the PSA
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level exceeds 0.20 ng/mL. Yet, it is unknown whether a PSA
level exists above which initiating sRT is associated with an
increased all-cause mortality (ACM)-risk and was investigated.

METHODS

Patient Population and Treatment

The study cohort comprised 25,551 patients of median
age 64 (interquartile range [IQR], [59 to 79]) years with
prostatectomy (p) T2-4N0 or NXM0 PC consecutively
treated between June 15, 1990, and June 19, 2020, with
RP and pelvic lymph node assessment when appropriate
at the University Hospital Hamburg-Eppendorf (Ham-
burg, Germany, N 5 24,345) or the University of Cal-
ifornia, San Francisco (UCSF, N5 1,206). Approximately
1% and 17% percent of the patients were from under-
represented backgrounds in the Hamburg and UCSF
cohorts, respectively, where both public and private in-
surance was honored as well as free care for those with no
insurance at UCSF. Patients from Germany and California
as well other parts of Europe and the United States were
represented in the study cohort. Patients with two high-
risk features (ie, pGleason score 8-10 and pT3 or pT4)
where the use of adjuvant (a) (ie, generally delivered with
6 months of RP when the PSA level is undetectable) as
compared with early sRT has been shown to be associ-
ated with decreased ACM-risk6 were excluded as were
patients with a persistent PSA after RP. Therefore, pa-
tients included in this study could have at most one high-
risk factor (ie, pGleason score 8-10 or pT3 or pT4) and
needed to have achieved an undetectable PSA after RP.
The distribution of the time-dependent use after RP
(time 0) of adjuvant RT (aRT) and early sRT when the PSA
level was .0.25 ng/mL or #0.25 ng/mL is illustrated in
the flow diagram as shown in Figure 1. aRT and sRT to the
pelvic LNs (45 Gy [Gy]) when felt appropriate by the

treating physician and prostatic bed (median dose: 68.4
Gy) were delivered at a median of 3.55 (IQR, 2.96-4.21)
months and 25.89 (IQR, 12.25-48.49) months, respec-
tively, after RP.

Prostatectomy and lymph node specimens underwent
review by a pathologist with expertise in genitourinary
pathology. In accord with federal and institutional guide-
lines, men signed an institutional review board–approved,
protocol-specific informed consent form permitting pro-
spective collection of deidentified data at baseline and
follow-up, which were entered into a secure, password-
protected database for outcome analysis. A minority of the
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. The database was last updated on June 23, 2022.
Other than death, no patient was lost to follow-up. 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.
Salvage ADT was delivered after PSA failure and clinical
or radiographic evidence of progression after receiving
aRT or sRT. At the time of progression to castrate-
resistant M0 or M1 disease, the practice patterns fol-
lowed the treatment guidelines set forth by the American
Urological Association/American Society for Radiation
Oncology/Society of Urologic Oncology4,5 or European
Association of Urology.7 To assign PC-specific mortality
(PCSM) as the cause of death, castrate-resistant meta-
static 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 and in addition the treating oncologist or
urologist at the time of death needed to assign PC as the

CONTEXT

Key Objective
Can delaying salvage radiation therapy after radical prostatectomy for prostate cancer in men with one high-risk factor

(prostatectomy [p] T3/4 or pGleason score 8-10) to obtain a prostate-specific membrane antigen positron emission
tomography scan that will be covered by insurers and also have a higher positive predictive value lead to an increased risk
of death?

Knowledge Generated
Waiting to deliver salvage radiation therapy up until a prostate-specific antigen (PSA) level of 0.25 ng/mL was not associated

with an increased risk of all-cause mortality; however, this was not true for PSA levels above 0.25 ng/mL.
Relevance (M. Carducci)
Initiating salvage radiotherapy postprostatectomy before the PSA exceeds 0.25 ng/mL is made clearer in this report. With

wider use of ultrasensitive PSA in high-risk individuals, individuals can move to salvage therapies before novel imaging
can identify sites of persistent disease.*
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primary cause of death and record this on the death
certificate.

Statistical Methods

Comparison of the distribution of the patient characteristics
at the time of RP stratified by postoperative treatment.
Comparisons of the distribution of the patient character-
istics at the time of RP across the four time-dependent
treatment groups (no RT, aRT, sRT delivered when the PSA
level was .0.25, and sRT delivered when the PSA level
was #0.25 ng/mL [baseline]) were made using a Mantel
Haenszel Chi-Square metric8 for categorical variables. In
the case of a small sample size, the Fisher exact test9 was
used. For continuous variables such as age at and year of
RP, medians and their distributions were compared using a
Wilcoxon two-sample test.10

Univariable and multivariable hazard ratios for ACM-risk.
Cox regression univariable and multivariable analyses11 were
used to evaluate whether there was an association with a
significant increase in ACM-risk when sRT was delivered
above a prespecified PSA level including 0.10, 0.15 ng/mL…
up to 0.50 ng/mL in 0.05 ng/mL increments versus at or lower
than PSA level adjusting for age at and year of RP, established
PC prognostic factors, institution with University Hospital
Hamburg-Eppendorf as the baseline institution, and the time-
dependent12 use of ADT. Other time-dependent treatment
groups included in model were no RT (ie, men who never
progressed or who were treated with sADT alone at progres-
sion), aRT, and sRT delivered when the PSA was. versus#
than the prespecified PSA cutpoint. sRT delivered when the
PSA was # than the prespecified PSA cutpoint served as the
baseline treatment group. The date of RP was defined as
time 0. ADT could be delivered in the adjuvant or salvage
setting andwas treated as a time-dependent covariate,12 age at
and year of RP which were treated as continuous covariates,
and the established prognostic factors of the pre-RP PSA level
(4-10 ng/mL [baseline], ,4 ng/mL, .10 ng/mL] pGleason
score [6 (baseline), 7, 8-10] and margin status (positive v
negative [baseline]) were treated as categorical covariates.

ACM unadjusted and adjusted hazard ratios (AHRs) are re-
ported with associated 95% CI for all covariates. At the PSA
level where ACM-risk was significantly increased when sRT
was initiated above as compared with at or below that level, we
performed a Fine and Grays Regression competing risk
multivariable regression analysis13 evaluating the end point of
PCSMusing the same covariates for adjustment as used in the
Cox model11 evaluating ACM-risk.

Adjusted estimates of ACM. For the purpose of illustration,
adjusted estimates of ACM (1-minus Kaplan-Meier estimate14

of overall survival) were calculated for each of the four post-
RP time-dependent treatment groups. These estimates
among patients who received treatment with sRT delivered
when the PSA level was.0.25 ng/mL, aRT, and no RT were
compared with the baseline treatment group of sRT delivered
when the PSA level was #0.25 ng/mL. ACM estimates were
adjusted for established prognostic factors, age15 at and year
of RP, and the time-dependent use12 of ADT. A two-sided P
value #.05 was considered statistically significant, and the
Bonferroni method16 was used for multiplicity adjustment of
the three comparisons such that the P value needed to
be #.05/3 or #.0167 to be considered significant. P values
for the adjusted plots were calculated using the Cox11 model
and were adjusted for both fixed and time-dependent
covariates. R (version 4.2.1; R Foundation for statistical
computing) was used to calculate Kaplan-Meier estimates
with time-dependent treatment and ADT use covariates. SAS
(version 9.4; SAS institute Inc) was used for all other
calculations.

RESULTS

Comparison of the Distribution of the Patient

Characteristics at the Time of RP Stratified by

Postoperative Treatment

Among the 25,551 patients, 1,556 (6.09%) underwent
sRT when the PSA level was #0.25 ng/mL, whereas
1,677 (6.56%) underwent sRT when the PSA level was
.0.25 ng/mL. aRT was delivered to 673 (2.63%) patients

Patients with pT2c-4,N0 or NX, M0 prostate cancer treated with RP

(N = 25,551)

Salvage RT

when PSA  0.25 ng/mL

(n = 1,556)

Salvage RT

when PSA  0.25 ng/mL

(n = 1,677)

Adjuvant RT

(n = 673)

No RT

(N = 21,645)

FIG 1. Flow diagram illustrating the distribution of no RT, adjuvant RT, salvage RTwhen the PSA#0.25 ng/mL
or.0.25 ng/mL after RP among the 25,511 patients in the study cohort. Given time 0 is defined as the date of
RP, the numbers of men who in the no RT, adjuvant RT, and salvage RT cohorts are time dependent and
represent the values at last follow-up. aRT, adjuvant RT; ng/mL; nanograms/milliliter; PSA, prostate-specific
antigen; RP, radical prostatectomy; RT, radiation therapy.
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TABLE 1. Comparison of the Distribution of the Patient Characteristics at the Time of RP Stratified by Whether They Received sRT at a PSA Value Not Exceeding 0.25 ng/mL or at a Value .0.25 ng/mL,
Adjuvant or No Radiation Therapy

Clinical Factor All Men, N 5 25,551

sRT when PSA
>0.25 ng/mL, Median PSA
[IQR] in ng/mL 5 0.47
(0.33, 0.90; N 5 1,677)

sRT when PSA
£0.25 ng/mL, Median PSA
[IQR] in ng/mL 5 0.18
(0.11,0.21; N 5 1,556)

P value sRT
when PSA >versus

£0.25 ng/mL aRT, N 5 673

P value aRT to
sRT when PSA
£0.25 ng/mL

No RT,
N 5 21,645

P value No RT to
sRT when PSA
£0.25 ng/mL

Age at RP, years, median
(IQR)

64 (59-68) 64 (59-79) 64 (58-68) .003 64 (59-76) .01 64 (59-68) .03

Median year of RP (IQR) 2013 (2009-2016) 2011 (2008-2014) 2012 (2009-2015) ,.001 2015 (2010-2017) ,.001 2013 (2009-2017) ,.001

Pre-RP PSA level in ng/mL,
No. (%)

.004 ,.001

,4 1,911 (7.48) 87 (5.19) 77 (4.95) 19 (2.82) ,.001 1,728 (7.98)

4-10 15,738 (61.59) 819 (48.84) 860 (55.27) 295 (43.83) 13,764 (63.59)

.10 7,902 (30.93) 771 (45.97) 619 (39.78) 359 (53.34) 6,153 (28.43)

pT category, No. (%) .005 ,.001 , .001

T2 18,373 (71.91) 767 (45.74) 767 (49.29) 67 (9.96) 16,772 (77.49)

T3a 5,456 (21.35) 578 (34.47) 541 (34.77) 335 (49.78) 4,002 (18.49)

T3b/4 1,722 (6.74) 332 (19.80) 248 (15.94) 271 (40.27) 871 (4.02)

pGleason score, No. (%) .05 ,.001

6 4,117 (16.11) 80 (4.77) 63 (4.05) 9 (1.34) .17 3,965 (18.32)

7 21,111 (82.62) 1,567 (93.44) 1,449 (93.12) 653 (97.03) 17,442 (80.58)

8-10 323 (1.26) 30 (1.79) 44 (2.83) 11 (1.63) 238 (1.10)

Margin status, No. (%) .88 ,.001

Negative 21,611 (84.58) 1,209 (72.09) 1,118 (71.85) 639 (94.95) 19,250 (88.94)

Positive 3,940 (15.42) 468 (27.91) 438 (28.15) 34 (5.05) 2,395 (11.06)

Adjuvant ADT, No. (%) .99 ,.001

Yes 206 (0.81) 11 (0.66) 22 (1.41) 137 (20.36) ,.001 36 (0.17)

No 25,345 (99.19) 1,666 (99.34) 1,534 (98.59) 536 (79.64) 21,609 (99.83)

Salvage ADT, No. (%) ,.001 ,.001

Yes 1,489 (5.83) 665 (39.65) 427 (27.44) 83 (12.33) ,.001 314 (1.45)

No 24,062 (94.17) 1,012 (60.35) 1,129 (72.56) 590 (87.67) 21,331 (98.55)

Abbreviations: ADT, androgen deprivation therapy; aRT, adjuvant radiation therapy; IQR, interquartile range; ng/mL, nanograms/milliliter; PSA, prostate-specific antigen; p, prostatectomy; RP, radical
prostatectomy; sRT, salvage radiation therapy; T, tumor.
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and 206 (0.81%) patients underwent aADT for a median
duration of 6.01 (IQR, 2.92-10.28) months. Salvage ADT
was delivered to 1,489 (5.83%) men. As shown in Table 1,
among patients who received sRT at a PSA level
.0.25 ng/mL as compared with#0.25 ng/mL, there was a
significantly higher proportion of patients with adverse
pathologic and clinical factors (all P values # .005) in-
cluding pT3b/4, pre-RP.10 ng/mL, and an increased use
of sADT (39.65% v 27.44%, P , .001).

Univariable andMultivariable Hazard Ratios for ACM-Risk

After a median follow-up of 6.00 years (IQR, 3.01-9.15),
1,269 men died, 109 (8.59%) from PC. Patients who re-
ceived sRT at a PSA level .0.25 ng/mL had a significantly
higher ACM-risk (AHR, 1.49; 95%CI, 1.11 to 2.00;P5 .008)
compared with men who received sRT when the PSA was

#0.25mg/mL as shown in Table 2. Similarly, an elevated risk
of PCSM (AHR, 1.43; 95% CI, 0.80 to 2.55) was observed in
men whose sRT was initiated at a PSA level .0.25 ng/mL
compared with 0.25 ng/mL or less. The elevated ACM-risk
remained significant for all PSA cutpoints above 0.25 ng/mL
with an AHR of 1.61 [1.21, 2.14]; P5 .001 at a PSA cutpoint
of 0.50 ng/mL but was not significant at PSA cutpoint values
below 0.25 ng/mL as shown in Table 3. There was no sig-
nificant difference in ACM-risk when comparing aRT use to
sRT delivered when the PSA level was #0.25 ng/mL (AHR,
0.95; 95% CI, 0.60 to 1.51; P 5 .84).

Adjusted Estimates of ACM

As shown in Figure 2, the 10-year adjusted point estimates
for ACM were significantly higher among patients
who received no RT (P 5 .01) or sRT when the PSA

TABLE 2. Cox Regression Unadjusted and AHRs for ACM for Patient, Clinical, and Treatment Characteristics

Clinical Characteristic
No. of
Men

No. of
Deaths

No. of
PC Deaths

Univariable Analysis Multivariable Analysis

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

Age at RP, years 25,551 1,269 109 1.09 (1.08 to 1.10) ,.001 1.08 (1.07 to 1.09) ,.001

Year of RP 25,551 1,269 109 0.98 (0.97 to 0.99) .002 0.97 (0.95 to 0.98) ,.001

Pre-RP PSA level in ng/mL

,4 1,911 122 13 1.03 (0.85 to 1.25) .73 1.08 (0.89 to 1.31) .45

4-10 (baseline) 15,738 724 49 1.0 — 1.0 —

.10 7,902 423 47 1.44 (1.28 to 1.62) ,.001 1.26 (1.11 to 1.42) ,.001

pT category

T2 (baseline) 18,373 847 46 1.0 — 1.0 —

T3a 5,456 293 31 1.43 (1.25 to 1.64) ,.001 1.23 (1.06 to 1.42) .005

T3b/4 1,722 129 32 2.08 (1.72 to 2.50) ,.001 1.43 (1.16 to 1.77) ,.001

pGleason score

6 (baseline) 4,117 309 12 1.0 — 1.0 —

7 21,111 938 91 1.28 (1.12 to 1.47) ,.001 1.11 (0.96 to 1.29) .16

8-10 323 22 6 2.10 (1.36 to 3.24) ,.001 1.63 (1.04 to 2.54) .03

Margin status

Negative (baseline) 21,611 1,023 79 1.0 — 1.0 —

Positive 3,940 246 30 1.37 (1.19 to 1.57) ,.001 1.10 (0.95 to 1.29) .20

Treatment Site

Hamburg-Eppendorf (baseline) 24,345 1,180 99 1.0 — 1.0 —

UCSF 1,206 89 10 1.36 (1.09 to 1.70) .006 1.23 (0.97 to 1.58) .09

Treatment

No RT(t) 21,645 1,040 41 1.01 (0.79 to 1.29) .96 1.37 (1.05 to 1.79) .02

aRT(t) 673 27 5 1.14 (0.73 to 1.78) .57 0.95 (0.60 to 1.51) .84

sRT(t) when PSA .0.25 ng/mL 1,677 134 45 1.76 (1.32 to 2.36) ,.001 1.49 (1.11 to 2.00) .008

sRT(t) when PSA #0.25 ng/mL (baseline) 1,556 68 18 1.0 — 1.0 —

ADT (t) use 1,670 153 76 2.25 (1.90, 2.67) ,.001 1.76 (1.42, 2.17) ,.001

Abbreviations: (t), time dependent; ACM, all-cause mortality; ADT, androgen deprivation therapy; AHR, adjusted hazard ratio; aRT, adjuvant radiation
therapy; HR, hazard ratio; ng/mL, nanograms/milliliter; p, prostatectomy; PC, prostate cancer; PSA, prostate-specific antigen; RP, radical prostatectomy; sRT,
salvage radiation therapy; T, tumor, UCSF, University of California, San Francisco.

2432 © 2023 by American Society of Clinical Oncology Volume 41, Issue 13

Tilki et al



was .0.25 ng/mL (P 5 .008) but not aRT (P 5 .78)
compared with patients who received sRT when the PSA
level was #0.25 ng/mL. At 10 years, these respective ACM
point estimates (95% CI) were 19.44% (13.72%, 27.15%),
14.48% (10.17%, 20.39%), 9.29% (4.07%, 20.46%), and
10.36% (6.26%, 16.01%), respectively.

DISCUSSION

In this study, we found that initiating sRT after RP when the
PSA level exceeded 0.25 ng/mL as opposed to earlier was
associated with a significant increase in ACM-risk. The clinical
relevance of this finding is that some physicians are waiting
until the PSA level exceeds 0.25 ng/mL in the post-RP setting
to obtain a PSMA-PET scan and then initiate salvage treat-
ment for two reasons. First, the performance characteristics of
PSMA-PET improves with increasing PSA levels1,2 thus
minimizing false-positive and false-negative findings. Second,
many insurers will not reimburse a PSMA PET scan until the
PSA level exceeds a prespecified PSA threshold that is in-
surance specific. The results of the current study provide
evidence to support that by waiting to initiate sRT after PSA
failure may place some patients at increased ACM-risk.

Several points deserve further consideration. First, although
PSMA-PET has been shown to change the RTmanagement
of men in post-RP salvage setting,1 prospectively acquired
randomized evidence as to whether these changes in
management affect cancer control outcomes is not
yet available but is being addressed in a prospective

randomized controlled trial (RCT).17 The specific question
being addressed in that RCT is whether information pro-
vided by the PSMA-PET versus conventional imaging
post-RP and obtained when the PSA level is .0.10 ng/mL
can improve PSA failure-free survival at 5 years because of
changes in management based solely on the PSMA-PET
findings. This study is important because the random as-
signment should provide balance in both known and un-
known prognostic factors across imaging arms, and
moreover, the results will enable us to discern whether
management changes on the basis of the PSMA-PET scan
affect a relevant cancer control end point. Second, in the
current study in addition to adjusting for age and known PC
prognostic factors, we also adjusted for the time-dependent
use and duration of ADT. This is particularly important given
that the use of ADT and its duration in the post-RP setting
has been shown in two prospective randomized trials18,19 to
be associated with the reduction of metastasis-free survival
and in addition prolongation in overall survival in one
study.20 Third, during the conduct of the study, there were
advances in the postoperative PSA assay to ultrasensitive,
variability in Gleason Score assignment even among expe-
rienced pathologists and improvements in survival in patients
with PC. Therefore, we added the year of RP as a covariate to
the model to adjust for changes that happened over the study
period, at least in part, if not fully such as improved survival in
patients with PC due to treatment advances and/or biologic
evolution as well as reclassification of the Gleason scores from

TABLE 3. AHR for ACM When sRT(t) is Delivered Above the Prespecified PSA Cutpoint After RP Compared With PSA Levels at or Below the PSA Cutpoint
PSA Cutpoint in ng/mL No. of Men No. of Deaths No. of PC Deaths AHR (95% CI) P

.0.10 2,897 179 55 0.88 (0.56 to 1.36) .55

#0.10 336 23 8

.0.15 2,579 164 53 1.11 (0.77 to 1.58) .58

#0.15 654 38 10

.0.20 2,190 150 50 1.28 (0.93 to 1.76) .14

#0.20 1,043 52 13

.0.25 1,677 134 45 1.49 (1.11 to 2.00) .008

#0.25 1,556 68 18

.0.30 1,362 117 39 1.45 (1.09 to 1.92) .01

#0.30 1,871 85 24

.0.35 1,167 105 36 1.46 (1.10 to 1.94) .008

#0.35 2,066 97 27

.0.40 985 97 32 1.58 (1.19 to 2.09) .001

#0.40 2,248 105 31

.0.45 864 89 29 1.53 (1.16 to 2.04) .003

#0.45 2,369 113 34

.0.50 737 79 27 1.61 (1.21 to 2.14) .001

#0.50 2,496 123 36

Abbreviations: (t), time dependent; ACM, all-cause mortality; AHR, adjusted hazard ratio; ng/mL, nanograms/milliliter; PC, prostate cancer; PSA, prostate-
specific antigen; RP, radical prostatectomy.
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6 to 7 or higher after the changes in the Gleason grading
system adopted in 2005 by the International Society of
Urologic Pathology.21 These factors would lead to a reduced
risk of ACM later in the study as compared with earlier, and
this is reflected in the adjustment for increasing year of RP in
the model where the AHR of 0.97 was significant reflecting a
3% reduction in ACM-risk with each advancing year when the
RP was performed. Although the use of the ultrasensitive PSA
after RP began during the conduct of the study, our finding of
an increased ACM-risk when initiating sRT at a PSA
cutpoint.0.25 ng/mL versus 0.25 ng/mL or less should not
have been affected by the ultrasensitive PSA assay that
measure PSA levels as low as 0.01 ng/mL given that the PSA
levels that were measurable at the start of our study were
0.20 ng/mL or higher. Fourth, in the Radiotherapy and
Androgen deprivation after local surgery-RT randomized
trial22 which could not establish superiority of adjuvant to
early post-RP sRT with respect to disease-free survival, the
median (IQR) PSA level at the start of early sRT was 0.20 ng/
mL [0.10-0.30] meaning that 50% of the men enrolled on

that study had sRT initiated at a PSA level#0.20 ng/mL. Our
results are consistent with this finding in that in our patient
population where men could have at most one high-risk
factor (ie, pGleason score 8-10 or pT3/4), we found no
significant difference in ACM-risk for the use of aRT com-
pared with sRT delivered when the PSA level was#0.25 ng/
mL. Finally, although only a prospective RCT enrolling pa-
tients with at least one high-risk factor and randomly
assigning them to initiating sRT when the PSA level after RP
is.0.25 ng/mL versus#0.25 ng/mL can establish causality
between delivering sRT when the PSA level is.0.25 ng/mL
and an increased ACM-risk, such a trial is currently not
ongoing or planned.

Therefore, the data in the current study provide the only
available evidence to support initiating sRT after RP at
a PSA level that is #0.25 ng/mL. This observation is
clinically significant given that delivering sRT at PSA
levels exceeding 0.25 ng/mL is associated with a higher
ACM-risk.
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