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abstract

PURPOSE An association with a reduction in the risk of all-cause mortality (ACM) and the use of adjuvant as
compared with early postradical prostatectomy salvage radiation therapy (sRT) in men with pN1 prostate cancer
(PC) has been observed. Yet, whether this finding applies irrespective of the number of positive lymph nodes
(LNs) after adjusting for the time-dependent use and duration of androgen deprivation therapy is unknown and
is addressed in the current study.

METHODSUnivariable andmultivariable Cox regression was used to evaluate whether the ACM risk ratio for time-
dependent use of adjuvant versus early sRT per unit increase in positive pelvic LNs was significantly reduced.
Adjusted ACM estimates were calculated amongmen who received adjuvant, early salvage, or no RT stratified by
one to three or four or more positive pelvic LNs.

RESULTS After a median follow-up of 7.02 years, 986 (5.50%) men died, with 223 (22.62%) of PC. Adjuvant
compared with early sRT was associated with a significantly lower ACM risk per unit increase in positive pelvic
LNs (adjusted hazard ratio: 0.92; 95% CI, 0.85 to 0.99; P5 .03). A significant difference in the 7-year adjusted
ACM estimates favoring aRT versus early sRT was observed in men with four or more positive LNs (7.74% v
23.36%) in that the 95% CI for the 15.62% difference (5.90 to 25.35) excluded 0.00, but this was not true for
men with 1-3 positive LNs (14.27% v 13.89%; 95% CI for the 0.38% difference [–7.02 to 7.79]).

CONCLUSION Adjuvant compared with early sRT in men with pN1 PC was associated with a decreased ACM risk,
and this reduction increased with each additional positive pelvic LN.
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INTRODUCTION

Level 1 evidence to guide the optimal timing of postradical
prostatectomy (RP) radiation therapy (RT) is lacking in
men with pN1 prostate cancer (PC). Moreover, very few
menwith pN1PCwere included in three randomized trials
and accompanying meta-analysis1 that compared the
impact of adjuvant with early salvage radiation therapy
(sRT) on progression and concluded that early sRT was
preferable. Yet, the result from the meta-analysis1 may be
inappropriately extrapolated to men with pN1 PC. More
recently, a study2 revealed a significant association with a
reduction in the risk of all-cause mortality (ACM) and the
use of adjuvant (aRT) as compared with early sRT in men
with pN1 or pT3/4 and pGleason score 8-10 PC. A pre-
vious study3 found a significant association with the use of
aRT compared with early sRT and decreased biochemical
failure and distant metastasis in men with pN1 PC, but in
that study, an adjustment for the time-dependent use and
duration of androgen deprivation therapy (ADT) was not
performed nor was the ACM end point explored. In ad-
dition, in a previous report,4 an associationwith a reduction

in ACM risk when using aRT as compared with early sRT
was not observed in men with more than four positive
lymph nodes (LNs). However, again, in that study, an
adjustment for the time-dependent use and duration of
ADT was not made, yet ADT’s use, timing, and duration
can significantly affect the time to death.

Given the lack of level 1 evidence to guide the timing of
post-RP RT in men with pN1 PC and the worse
prognosis with the increasing number of positive LNs
and/or positive LN density,5,6 whether the association
of a reduction in ACM risk when using adjuvant as
compared with early sRT applies irrespective of the
number of positive pelvic LNs after adjusting for the
time-dependent use and duration of ADT is clinically
relevant and is explored in the current study.

METHODS

Patient Population and Treatment

The study cohort comprised 17,913 men with a me-
dian (interquartile range [IQR]) age of 64 (59-68) years
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with pT2-4N1M0 PC consecutively treated between March
7, 1995, and October 5, 2017, with RP and pelvic LN
assessment at the University Hospital Hamburg-Eppendorf
(Hamburg, Germany) and then followed for possible
treatment with aRT or early sRT. The median (IQR) number
of LNs removed among all men in the study cohort was 12
(IQR: 7-20), and the median number of positive LNs was 1
(IQR: 1-3). The use of aRT, early sRT, or no RT among the
17,913 men stratified by the number of positive pelvic LNs
(0, 1-3, 4 or more) is shown in Figure 1. Adjuvant RT and
early sRT to the pelvic LNs (45 Gy) and prostatic bed
(median dose: 68.4 Gy) were delivered at a median of
3.42 months (IQR: 2.79-4.14 months) and 21.36 months
(IQR: 8.28-43.42 months) after RP, respectively.

Prostatectomy and LN 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. A minority 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. The database was last updated on October 2, 2020. For
men undergoing early sRT, the median prostate-specific
antigen (PSA) level was 0.30 ng/mL (IQR: 0.20-0.59) mea-
sured on day 1 of early sRT before treatment. The PSA
measurement on day 1 of early sRT preceded by several
months the trigger PSA that documented PSA recurrence
during which time the following tasks could occur: the referral
to radiation oncology, early sRT planning, physics consul-
tation to create the RT plan, and finally scheduling an early
sRT start date. Therefore, to provide time for these tasks to
occur, the randomized trials of adjuvant versus early sRT1

allowed up to 4 months from observation of the trigger PSA
that indicated PSA recurrence to the start of early sRT.
Therefore, the median PSA that we report would be expected
to be higher than the actual trigger PSA level, which identified
recurrence and therefore, may more closely approximate the
0.1 or 0.2 ng/mL level used in the randomized trials1 eval-
uating the impact of adjuvant versus early salvage RT on
progression. 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,
clinical or radiographic evidence of progression after re-
ceiving aRT or early sRT. At the time of progression to
castrate-resistant M0 or M1 disease, the practice patterns
followed the treatment guidelines set forth by the European
Association of Urology guideline.7 To assign PC-specific
mortality 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 of , 20 ng/dL before death needed to be
confirmed and the treating oncologist or urologist at the time
of death needed to assign PC as the primary cause of death
and record this on the death certificate.

Statistical Analysis

Comparison of the distribution of clinical factors and post-
operative treatment. For the entire study cohort, compar-
isons of the distribution of clinical factors and post-RP
treatment stratified by no RT and aRT versus early sRT were
made using a Mantel-Haenszel x2 metric8 for categorical
covariates; in the case of a small sample size, a Fisher exact
test9 was used. For continuous covariates, such as age and
year of treatment, medians and their distributions were
compared using a Wilcoxon two-sample test.10

Univariable and multivariable hazard ratios for ACM risk.
Univariable and multivariable Cox regression11 was used to
evaluate whether the ACM risk ratio for time-dependent use
of adjuvant versus early sRT per unit increase in positive
pelvic LNs was significantly reduced. Here, the ACM
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adjusted hazard ratio (AHR) represents the change in the
risk of ACM when delivering aRT versus early sRT for each
unit increase in the number of positive pelvic LNs. We
define early sRT (t) as the time-dependent11 baseline group
and report results for the treatment comparisons of adju-
vant versus early sRT (t) and no RT versus early sRT (t).
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 salvage ADT alone at pro-
gression. In addition to PC prognostic factors, all models
were adjusted for age at RP, the number of positive pelvic
LNs, the number of LNs sampled, and the time-dependent
use12 of post-RP ADT, which could be in the adjuvant or
salvage setting. Time zero was defined as the date of RP.

Treatment propensity score. The treatment propensity
score (PS)13 represents the probability of treatment as-
signment conditional on observed baseline prognostic
covariates. PSs were estimated using multinomial logistic
regression, with treatment (aRT or aADT, early sRT or
sADT, and no RT) as the outcome and age in years at RP
(continuous), year of RP (continuous), a PSA level of
, 4 ng/mL versus others, pT3 or higher and pGS 8-10 and
margin-positive versus others, and a persistent post-RP
PSA versus undetectable as prognostic covariates. To
minimize the potential bias when estimating the treatment
effect of aRT, early sRT, or no RT on ACM risk in the Cox

model,11 we adjust using a treatment PS. Age is used twice
in the adjusted Cox model11 because physicians incorpo-
rate age in decisions regarding treatment selection and age
is also prognostic for ACM risk.

Adjusted estimates of ACM. For the purpose of illustration,
adjusted estimates of ACM (1 minus Kaplan-Meier14 esti-
mates of overall survival) after RP stratified by no RT and the
time-dependent treatment groups of aRT or early sRT among
men with one to three or four or more positive LNs were
calculated using the extended Kaplan-Meier method with
time-dependent treatment groups.12 These estimates were
adjusted for the treatment PS13 and the fixed covariates of
age at RP15 and the time-dependent use12 of post-RP ADT.
We calculated estimates and 95% CIs of ACM at the median
follow-up of 7 years for the no RT, aRT, and early sRT groups
among men with one to three and four or more positive LNs.
In addition, the difference in these 7-year point estimates
and 95% CI of that difference between men who received
aRT versus early sRT and no RT versus early sRT were
calculated. A 95% CI for the difference that did not include
0.00 defined a significant difference in 7-year point esti-
mates between the two treatment arms being compared.

A two-sided P value of # .05 was considered statistically
significant. R (version 4.0.3; R Foundation for Statistical
Computing) was used to calculate Kaplan-Meier estimates

Men with pT2c-4,N0 or N1,M0 prostate cancer treated with RP and pelvic LN assessment
(N = 17,913)

0 positive
LN

(n = 16,299)

1-3 positive
LNs

(n = 1,323)

≥ 4 positive
LNs

(n = 291)

No RT
(n = 13,481)

Early sRT
(n = 2,379)
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(n = 439)
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(n = 451)
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FIG 1. CONSORT diagram illustrating the distribution of adjuvant, early salvage, or no radiation therapy use over the
study period among the 17,913men in the study cohort stratified by the number of positive pelvic LNs. Given time 0 is
defined as the date of RP, the numbers for men who received No, aRT or early sRT are time-dependent and
correspond to the values at last follow up. aRT, adjuvant RT; LN, lymph node; RP, radical prostatectomy, RT, radiation
therapy; sRT, salvage RT.
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with time-dependent treatment covariates. SAS (version
9.4; SAS Institute Inc) was used for all other calculations.

RESULTS

Description and Comparison of the Distribution of Clinical

Factors and Postoperative Treatment

Of the 17,913 men in the study cohort, 851 (4.75%) re-
ceived aRT (ie, PSA level , 0.1 ng/mL) generally within
6 months of RP and 3,040 (16.97%) underwent early sRT.
Of the 3,040 men who received early sRT, 567 had a
persistent PSA (18.65%) defined as a PSA that remained
detectable at least 6 weeks after RP and were categorized
into the early sRT group. Adjuvant ADT and sADT were
used in 440 (2.46%) and 1819 (10.15%) men, respec-
tively. Adjuvant ADT was given for a median of
10.32 months (IQR, 5.59-23.20 months). Among the
17,913 men, 1,614 (9.01%) were found to have pN1 PC,
with 1,323 (81.97%) having 1-3 and 291 (18.03%) having
4 or more positive pelvic LNs. Of the 1,614 men with pN1
PC, adjuvant RT was given to 412 (25.53%) and 340
(21.07%) received adjuvant ADT.

As shown in Table 1, men who underwent adjuvant
compared with early sRT had a significantly higher pro-
portion with a PSA level . 20 ng/mL (28.6% v 17.04%),
pT3b or higher (60.52% v 31.45%), margin-positive PC
(88.01% v 33.52%), and aADT use (28.20% v 3.85%),
whereas sADT use was significantly lower (26.56% v
38.29%) and all P values were , .001.

Univariable and Multivariable Hazard Ratios for ACM Risk

Men included in the study had a minimum follow-up of 2.50
years and a maximum follow-up of 23.20 years and under-
went RP. After a median follow-up (IQR) of 7.02 (4.21-9.17)
years, 986 (5.50%) men died, with 223 (22.62%) of PC. As
shown in Table 2, adjuvant compared with early sRT was
associated with a significantly lower ACM risk and this re-
duction in ACM risk increased by 8% (AHR: 0.92; 95% CI,
0.85 to 0.99; P5 .03) with each additional positive pelvic LN,
whereas no significant associationwith ACM riskwas observed
when comparing no RT with early sRT (AHR: 0.99; 95% CI,
0.94 to 1.04; P 5 .66). Moreover, both the time-dependent
use and duration of aADT (1.64; 95% CI, 1.21 to 2.23;
P 5 .002) and sADT (3.11; 95% CI, 2.60 to 3.72; P, .001)
were significantly associated with an increased risk of ACM.

Adjusted Estimates of ACM

As illustrated in Figure 2A, a significant difference in the 7-year
adjusted ACM estimates favoring the use of aRT versus early
sRT was observed in men with 4 or more positive LNs (7.74%;
95% CI, 3.57 to 16.35 v 23.36%; 95% CI, 16.66 to 32.20) in
that the 95% CI for 15.62% difference (5.90 to 25.35), ex-
cluded 0.00, but this was not true for men with one to three
positive LNs (14.27%; 95% CI, 9.12 to 21.95 v 13.89%; 95%
CI, 10.44 to 18.36; 95% CI for the 0.38% difference [–7.02 to
7.79]), as shown in Figure 2B. No significant difference was

found in the 7-year adjusted ACM estimates for men who did
not receive RT versus early sRTwhether one to three (13.27%;
95% CI, 9.55 to 18.28 v 13.89%; 95% CI, 10.44 to 18.36;
95% CI for the 0.62% difference [–5.21 to 6.45]) or four or
more (33.67%; 95% CI, 25.24 to 43.99 v 23.36%; 95% CI,
16.66 to 32.20; 95% CI for the 10.31% difference [–1.85 to
22.47]) pelvic LNs were involved.

DISCUSSION

In this study, we found that adjuvant compared with early sRT
in men with pN1 PC was associated with a decreased ACM
risk and this reduction increased with each additional positive
pelvic LN. Specifically, we observed an 8% reduction in the
risk of ACM for every additional positive pelvic LN found at
RP. Given that the estimated death rate in men with one to
three positive pelvic LNs who underwent early sRT at the
median follow-up of 7 years was 14%, observing an 8%
reduction/positive LN in the case of up to three positive LNs
among men receiving aRT would result in a maximum ab-
solute reduction in ACM of 0.083 33 14% or approximately
3%, which would require a very large sample size and
subsequent number of events to observe. This can explain
why the difference at 7 years in the ACM estimates for men
undergoing adjuvant compared with early sRT was not sig-
nificantly different among men with one to three positive LNs
(Fig 2B), whereas it was significant for men with 4 or more
positive LNs (Fig 2A) where the absolute difference in ACM
estimates at 7 years for this comparison would be expected to
be much larger than 3% given the number of positive LNs.

The clinical significance of this finding is two-fold. First, it is
important to weigh the potential short- and long-term toxicity
of pelvic RT16 against the possible but modest absolute re-
duction in the risk of ACM when considering its use in men
with a single or a few positive LNs. Second, although on the
basis of a previous report,4 one could conclude that men with
four or more positive pelvic LNs would not benefit from aRT,
the data in this study provide evidence to support that aRT in
the setting of four or more positive LNs has the potential to
translate into a reduced risk of ACM. In addition, a probable
reason why a previous study4 might not have found a benefit
when using aRT as compared with early sRT in the setting of
more than 4 positive LNs is the lack of adjustment for the time-
dependent use and duration of ADT. Specifically, the use,
timing, and duration of both aADT and sADT affected ACM
risk in the current study, as noted in Table 2 where the AHRs
were 1.64 (P 5 .002) and 3.11 (P , .001), respectively.

Several points deserve clarification. First, we included the year
of RP in the treatment PS13 as a prognostic covariate to help
ensure that the probability of treatment assignment to adju-
vant versus early sRT conditional on the year of RP was
balanced with respect to practice patterns that evolved during
the conduct of the study. In addition, the EAU7 guidelines
were followed at the time of progression to castrate-resistant
M0 or M1 PC irrespective of whether the patient had received
prior adjuvant or early sRT. Therefore, it is very unlikely that
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as standards of care evolved over time that salvage therapies
for progression to M0 castrate-resistant and thenM1 castrate-
resistant disease states differed among men who had previ-
ously underwent adjuvant versus early sRT following RP.
Third, if positron emission tomographic (PET) imaging was
used more frequently in the adjuvant compared with early
salvage RT group, this could potentially confound our results
by detecting recurrences earlier in the adjuvant as compared
with early sRT groups and then offering treatment that could
prolong survival. However, reimbursement for PSMA PET
scanning in the post-RP PSA failure setting did not begin until
recently in Germany. Given how costly PSMAPET scanning is,

PSMA PET use during the study period would have been very
limited and therefore very unlikely to be a confounding factor
in our study. Moreover, in a study17 where pelvic LN histo-
pathology was used to confirm the prostate-specific mem-
brane antigen (PSMA) PET-computed tomography (CT)
findings, the sensitivity was 40% and the positive predictive
value was 75%. Therefore, 60% of pN1 PC would not be
visualized on a preoperative PSMA PET-CT and a PSMA PET-
CT, showing that cN1 disease is a false positive in 25% of the
cases. Therefore, management of men found to have pelvic
LN positive disease on PSMA PET-CT remains RP and pelvic
LN assessment or RT and appropriate systemic therapy.

TABLE 1. Comparison of the Distribution of Clinical Factors and Post-RP Treatment Stratified by No or Adjuvant as Compared With Early Salvage RT

Clinical Factor, Post-RP Treatment All Men (N 5 17,913)

Treatment Received

No RT (n 5 14,022) aRTa (n 5 851) Early sRTa (n 5 3,040)
P No RT v Early sRT
aRT v Early sRT

Median age in years at RP (IQR) and
(range)

64 (59-68) 64 (59-68) 65 (60-69) 64 (59-69) .005

(35-80) 64 (35-80) (43-76) (38-79) .12

Median year of RP (IQR) and (range) 2011 (2008-2014) 2011 (2008-2014) 2013 (2010-2015) 2011 (2009-2013) .25

(1995-2017) (1996-2017) (2002-2017) (2009-2017) , .001

No. of positive pelvic LNs (IQR) and
(range)

1 (1-3) 1 (1-2) 2 (1-3) 2 (1-3) .02

(1-33) (1-33) (1-22) (1-19) .05

No. of pelvic LNs sampled (IQR) and
(range)

12 (7-20) 12 (7-19) 16 (9-23) 13 (7-20) , .001

(1-132) (1-132) (1-72) (1-95) , .001

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

, 4 1,423 (7.94) 1,238 (8.83) 31 (3.64) 154 (5.07) , .001
, .001

4-20 14,916 (83.27) 11,972 (85.38) 576 (67.69) 2,368 (77.89)

. 20 1,574 (8.79) 812 (5.79) 244 (28.67) 518 (17.04)

AJCC prostatectomy stage, No. (%)

T2 or T3a 15,647 (87.35) 13,227 (94.33) 336 (39.48) 2084 (68.55) , .001
, .001

T3b or higher 2,266 (12.65) 795 (5.67) 515 (60.52) 956 (31.45)

Prostatectomy margin status, No. (%)

Negative 14,636 (81.71) 12,513 (89.24) 102 (11.99) 2021 (66.48) , .001
, .001

Positive 3,277 (18.29) 1,509 (10.76) 749 (88.01) 1,019 (33.52)

Adjuvant ADTa

Yes 440 (2.46) 83 (0.59) 240 (28.20) 117 (3.85) , .001
, .001

No 17,473 (97.54) 13,939 (99.41) 611 (71.80) 2,923 (96.15)

Salvage ADTa

Yes 1819 (10.15) 429 (3.06) 226 (26.56) 1,164 (38.29) , .001
, .001

No 16,094 (89.85) 13,593 (96.94) 625 (73.44) 1876 (61.71)

Abbreviations ADT, androgen deprivation therapy; AJCC, American Joint Commission of Cancer; aRT, adjuvant radiation therapy; IQR, interquartile range;
LN, lymph node; p, prostatectomy; PC, prostate cancer; PSA, prostate-specific antigen; RP, radical prostatectomy; RT, radiation 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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Fourth, the median number of LNs sampled was 12 given
the extended LN sampling that was routinely performed.
Therefore, the magnitude of potential reduction in ACM
when one to three positive LNs are found in a patient whose
total LN sampling includes , 12 LNs may be larger than
what is reported in the current study. However, in the case

of the patient in whom at least 12 LNs are sampled, the
magnitude of the possible modest reduction in men with
one to three positive LNs should be personalized by con-
sidering life expectancy using a validated, metric such as
the Adult Comorbidity Evaluation-2718 and weighed against
the potential toxicities of pelvic RT.16 Fifth, the divergence

TABLE 2. Treatment Propensity Score Adjusted HRs for the Risk of Death

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

aRT(t) v early sRT(t) 3,891 286 136 0.90a (0.84 to 0.96) .003 0.92a (0.85 to 0.99) .03

No RT(t) v early sRT(t) 17,062 923 192 1.00a (0.95 to 1.04) .84 0.99a (0.94 to 1.04) .68

Treatment propensity score

Propensity score for selection of aRT v
(early sRT or no RT)

17,913 986 223 1.029 (1.024 to 1.034) , .001 1.016 (1.010,1.022) , .001

Propensity score for selection of early
sRT v (aRT or no RT)

17,913 986 223 1.028 (1.025,1.031) , .001 1.015 (1.011 to 1.018) , .001

Patient and PC prognostic factors

Age at RP in years 17,913 986 223 1.07 (1.05 to 1.08) , .001 1.05 (1.04 to 1.07) , .001

No. of positive LNs 17,913 986 223 1.24 (1.18 to 1.29) , .001 1.13 (1.08,1.19) , .001

No. of pelvic LNs sampled 17,913 986 223 1.02 (1.01 to 1.03) , .001 0.996 (0.99 to 1.003) .27

Time-dependent ADT use

Adjuvant ADT (t) 440 64 38 2.97 (2.28 to 3.86) , .001 1.64 (1.21 to 2.23) .002

Salvage ADT (t) 1,819 270 166 4.20 (3.64 to 4.86) , .001 3.11 (2.60 to 3.72) , .001

Abbreviations: ACM, all-causemortality; ADT, androgen deprivation therapy; AHR, adjusted hazard ratio; aRT, adjuvant radiation therapy; HR, hazard ratio;
LN, lymph node; PC, prostate cancer; Ref, reference or baseline group; RP, radical prostatectomy; RT, radiation therapy; sRT, salvage radiation therapy; t,
time-dependent

aAHR represents the risk ratio of death between compared treatments per unit increase in the number of positive pelvic LNs.
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FIG 2. Adjusted estimates of ACM among (A) the 291menwith four or more and (B) the 1,323menwith one to three positive lymph nodes comparing time-
dependent adjuvant or no RTwith time-dependent early salvage RT. x-axis begins at theminimum follow-up time of 2.5 years. ACM, all-causemortality; RT,
radiation therapy.
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of the ACM curves occurs at 3 years after RP as shown in
Figure 2A in men with four or more positive LNs, meaning
that most men who were healthy enough to undergo RP
would likely benefit, and this should be considered when
deciding on whether to recommend adjuvant RT. Finally,
although a recent report19 of an overall survival benefit was
observed when adding 2 years of abiraterone to conven-
tional ADT in men with newly diagnosed clinical N1 PC,
how the risk of ACM would be affected with the use of

adjuvant RT when 2 years of abiraterone is administered in
addition to conventional ADT in the setting of pN1 PC
requires additional study given that only 3% of men in that
study19 had prior RP or RT and then relapsed.

Given these considerations, these findings provide evi-
dence to support considering the use of adjuvant RT inmen
with pN1 PC and using a personalized approach on the
basis of the number of positive pelvic LNs and other
comorbidities.
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