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Abstract

Purpose: While the benefit of short-term androgen deprivation therapy (ADT) has been established for patients
with intermediate-risk (IR) prostate cancer (PCa) receiving dose-escalated external beam radiation therapy (EBRT),
the role of ADT for patients treated with brachytherapy (BT) with or without supplemental EBRT (sEBRT) is less clear.

Material and methods: We conducted a single-institution retrospective analysis of men with National Comprehen-
sive Cancer Network (NCCN) unfavorable IR (UIR) PCa. All patients received BT with or without sEBRT, and were
stratified by the receipt of 4-6 months of ADT. Kaplan-Meier method was used to measure biochemical progression-
free survival (bPFS) between men who did vs. did not receive ADT. Multivariable Cox proportional hazards with
backward selection was utilized to determine association of concomitant ADT with bPFS accounting for confounding
variables.

Results: We identified 201 eligible patients treated between 2002 and 2019, 78 (38.8%) of whom received ADT.
Median follow-up was 15 years. On univariable analysis, there was no significant association of ADT use with bPFS
(HR = 0.95, 95% CI: 0.34-2.63, p = 0.92). Only PSA = 10 was significant for association with worse bPFS (HR = 3.51,
95% CI: 1.29-9.52, p = 0.014). On multivariable analysis, there was no association of ADT use with bPFS (HR = 0.97,
95% CI: 0.34-2.78, p = 0.96).

Conclusions: Short-course ADT was not associated with improved bPFS in our study among men with UIR PCa
treated with BT with or without sEBRT. These findings suggest that dose intensification achieved with BT may alone
be sufficient in treating selected patients with UIR disease, but prospective studies are warranted.
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Purpose use either as monotherapy or with supplemental EBRT

Intermediate-risk prostate cancer accounts for over
one-third of the estimated 288,300 new cases of pros-
tate cancer in the United States [1, 2]. Radiotherapeutic
management frequently entails dose-escalated external
beam radiation (EBRT) [3-5], for which data shows im-
provement in biochemical control, distant metastasis,
and prostate cancer mortality with short-term androgen
deprivation therapy (ADT) [6]. Brachytherapy (BT) is
frequently utilized for the management of intermedi-
ate-risk prostate cancer, and there is data to support its

(sEBRT) [7, 8]. Patients treated with BT with or without
sEBRT comprise a small proportion of those prospec-
tively studied to assess ADT efficacy, making it difficult
to render definitive conclusions regarding the benefit of
ADT for patients treated with brachytherapy-based ra-
diotherapy [6]. Given that the advantage of ADT has not
been prospectively tested explicitly in patients receiv-
ing brachytherapy, we sought to evaluate the impact
of ADT on patients treated with brachytherapy with or
without sEBRT.
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Material and methods

This was a single-institution study across multi-
ple hospital sites, approved by our institutional review
board. We queried our institutional database for patients
with NCCN unfavorable intermediate-risk (UIR) pros-
tate cancer with biopsy-proven Gleason grade group 3
prostate cancer or grade group 2 prostate cancer, with an
additional intermediate-risk factor (prostate-specific an-
tigen [PSA] 10-20, T2b-2c, = 50% positive biopsy cores).
All patients received either low-dose-rate (LDR) or high-
dose-rate (HDR) BT with or without sEBRT. The decision
to treat with sEBRT and ADT was per the treating physi-
cian’s discretion based on clinico-pathologic risk factors,
as well as patient age, life expectancy, and comorbidities.
Patients who received HDR monotherapy were treated
with 27 Gy in 2 fractions to the prostate clinical target vol-
ume (CTV). Patients who received HDR with sEBRT were
given 15 Gy in a single-fraction to CTV for brachythera-
py treatment. Patients who received LDR monotherapy
were treated with 145 Gy in a single-fraction to the pros-
tate CTV. Patients who received LDR with sEBRT were
treated with 110 Gy in a single-fraction for brachytherapy
treatment. SEBRT was delivered using 45 Gy in 25 frac-
tions to the prostate and SV with or without inclusion of
pelvic lymph nodes, using 3D conformal or volumetric
modulated arc therapy (VMAT) technique. Patients were
stratified according to the receipt of short-term ADT
(range, 4-6 months) or no ADT.

Baseline characteristics between the two groups (pa-
tients treated with ADT vs. without ADT) were com-
pared using chi-square or Fisher’s exact tests for categor-
ical variables, and ANOVA or Kruskal Wallis tests for
numerical variables. Kaplan-Meier curves were utilized
to assess biochemical progression-free survival (bPFS),
defined as the time from date of biopsy to date of clini-
cal or biochemical recurrence or death, and patients were
censored at the time of last follow-up. Multivariable Cox
proportional hazards model using backward variable se-
lection with an a of 0.05 for removal was performed to
account for age, race, insurance status, body mass index
(BMI), T stage, Gleason grade group, BT type, receipt of
sEBRT, and sEBRT target. Furthermore, to account for
variability in diagnostic workup, additional covariates
studied included use of pre-treatment MRI, pre-treatment
CT scan, and pre-treatment bone scan. A test for interac-
tion between Gleason grade group and receipt of ADT
was performed. All statistical analyses were performed
using SAS v. 9.4 (SAS Institute Inc., Cary, NC) and SAS
macros developed by the Biostatistics Shared Resource at
Winship Cancer Institute [9]. Tests were two-sided, with
a 0.05 level of significance.

Results

We identified 201 eligible patients treated between
2002 and 2019, with a median follow-up of 15 years. Ta-
ble 1 shows the patient characteristics of the cohort. Sev-
enty-eight (38.8%) patients received ADT. Those who
received ADT were more frequently White race patients,
more likely to obtain pre-treatment MRI and bone scan,

more likely to have grade group 3 cancer, and more likely
to receive sEBRT.

The 5- and 10-year bPFS for patients treated without
ADT and with ADT was 86.0% (95% CI: 71.1-93.6) and
72.6% (95% CI: 47.3-87.2) vs. 85.5% (95% CI: 65.6-94.4)
and 79.4% (95% CI: 56.0-91.2), respectively. On univari-
able analysis, there was no statistically significant asso-
ciation between ADT and bPFS (HR = 0.95, 95% CI: 0.34-
2.63, p = 0.92) (Figure 1). The only variable associated
with worse bPFS on univariable analysis was PSA > 10
(HR =3.51, 95% CI: 1.29-9.52, p = 0.014) (Supplementary
Table 1). On multivariable analysis (Table 2), there was
again no statistically significant association between ADT
and bPFS (HR =0.97, 95% CI: 0.34-2.78, p = 0.96). The only
variables significant on multivariable analysis were PSA
>10 (HR =4.75, 95% CI: 1.65-13.70, p = 0.004) and receipt
of pre-treatment MRI (HR = 3.77, 95% CI: 1.15-12.38,
p = 0.029). Additionally, there was no significant interac-
tion between Gleason grade group and receipt of ADT
and bPFS (interaction, p = 0.88).

Discussion

In the current study among men with UIR PCa, we
did not find an association of improved bPFS with utili-
zation of ADT when added to BT with or without sup-
plemental EBRT. This supports the option of omitting
ADT in the setting of combined EBRT and BT accepted
by current guidelines [10], and adds to a large body of
studies, which suggest that dose intensification using
BT may lessen the impact of radio-sensitizing benefit
of ADT in IR PCa cases [4, 11-17]. The omission of ADT
would spare patients from potential toxicity and adverse
quality of life changes, including fatigue, hot flashes, sex-
ual dysfunction, metabolic changes, and bone deteriora-
tion [18].

Currently, guidelines for UIR prostate cancer treated
with radiation recommend either EBRT with short-term
ADT or EBRT with BT boost with or without ADT [10].
The best available evidence supporting the use of ADT
with modern dose-intensified radiotherapy is the NRG/
RTOG 0815 trial, which showed the benefit of short-
term utilization of ADT in disease control when added
to dose-escalated radiation for intermediate-risk prostate
cancer [6]. Given the minority of patients who received
BT in this trial as well as that the trial was not powered to
assess the effect of ADT in men receiving BT boost, it is
difficult to draw conclusive evidence of ADT’s benefit in
the setting of BT. Since there are limited prospective data
evaluating the benefit of ADT in UIR patients receiving
BT as well as conflicting retrospective data [19], ADT is
frequently omitted when BT is given [20].

In the current study, we did not find a benefit of
ADT in the cohort of UIR patients treated with BT, most
(90%) of whom received additional EBRT. Furthermore,
while the number of patients who received BT alone in
this study was small, no significant association of ex-
ternal beam radiation with improved biochemical pro-
gression-free survival was found. This confirms recent
randomized evidence showing that BT without sEBRT is
likely sufficient for disease control in IR PCa cases [7].
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Table 1. Descriptive statistics of the cohort stratified by androgen deprivation therapy (ADT) receipt

Covariate Total ADT p-value**
N =201 Yes No
(100.0%) n=78(388%) n =123 (61.2%)

Age (years) 0.080*
Median (Q1-Q3) 65 (59-69) 64 (58-68) 65 (60-70)

Race < 0.001
African American/other 76 (37.8) 18 (23.1) 58 (47.2)
White 125 (62.2) 60 (76.9) 65 (52.8)

PSA 0.592
<10 161 (80.1) 61 (78.2) 100 (81.3)
>10 40 (19.9) 17 (21.8) 23 (18.7)

Pre-treatment MRI 0.010
Yes 122 (60.7) 56 (71.8) 66 (53.7)
No 79 (39.3) 22 (28.2) 57 (46.3)

Pre-treatment CT scan 0.641
Yes 33 (16.4) 14 (17.9) 19 (15.4)
No 168 (83.6) 64 (82.1) 104 (84.6)

Pre-treatment bone scan < 0.001
Yes 115 (57.2) 59 (75.6) 56 (45.5)
No 86 (42.8) 19 (24.4) 67 (54.5)

Obese 0.394
Yes 39 (41.1) 14 (35.9) 25 (44.6)
No 56 (58.9) 25 (64.1) 31 (55.4)

T stage 0.281
T1 132 (66.0) 55 (70.5) 77 (63.1)
T2 68 (34.0) 23 (29.5) 45 (36.9)

Gleason grade group < 0.001
2 106 (52.7) 21 (26.9) 85 (69.1)
3 95 (47.3) 57 (73.1) 38 (30.9)

Insurance 0.445
Private 106 (52.7) 45 (57.7) 61 (49.6)
Medicare 78 (38.8) 26 (33.3) 52 (42.3)
Other/unknown 17 (8.5) 7 (9.0) 10 (8.1)

Brachytherapy type 0.008
HDR 136 (80.0) 53 (91.4) 83 (74.1)
LDR 34 (20.0) 5 (8.6) 29 (25.9)

Supplemental external radiation therapy 0.004
Yes 180 (89.6) 76 (97.4) 104 (84.6)
No 21 (10.4) 2 (2.6) 19 (15.4)

Supplemental external radiation therapy target 0.009
No sEBRT 21 (12.4) 1(17) 20 (17.9)
Prostate + seminal vesicles 121 (71.2) 45 (77.6) 76 (67.9)
Pelvic lymph nodes + prostate + seminal vesicles 28 (16.5) 12 (20.7) 16 (14.3)

BMI 0.874*
Total (n) 95 39 56
Mean (SD) 30.2 (6.3) 30.6 (7.7) 29.9 (5.1)
Median (Q1-Q3) 29 (26.2-332) 293 (26.2-343)  28.7 (25.8-33.))
Min-max 19.4-62.6 19.4-62.6 21.9-41.9

** p-value was calculated by either parametric (ANOVA, chi-square) or non-parametric (Kruskal-Wallis, Fisher’s exact) test whenever appropriate, based on normality
test of data distribution and sample size; * non-parametric test (Kruskal-Wallis or Fisher’s exact tests) was applied
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There is conflicting data regarding the benefit of add-
ing ADT to BT in UIR PCa patients. A meta-analysis of
9 randomized trials with intermediate- and high-risk pa-
tients comparing EBRT with or without ADT and EBRT
with or without BT, showed improved overall survival in
patients receiving EBRT with ADT compared with EBRT
with BT, suggesting that omission of ADT in BT-treated
patients may lead to inferior outcomes [21]. However,
since this study contained a small minority of patients
with UIR PCa treated with EBRT with BT, it is difficult
to draw conclusions regarding the benefit of ADT in this
population. Retrospective data derived from the Nation-
al Cancer Database (NCDB) limited to UIR patients show
no significant benefit in adding ADT to patients receiv-
ing EBRT + BT [22]. A separate NCDB study investigat-
ing BT alone in UIR cases showed a benefit in overall
survival with ADT plus BT, and superior overall surviv-
al in patients treated with BT alone versus EBRT alone
[23]. These studies were hindered by lack of available
data regarding disease control outcomes. A propensity
score-matched study of UIR patients treated with EBRT
to the prostate and seminal vesicle with high-dose-rate
(HDR) BT boost, showed an improvement in biochem-
ical failure-free survival with addition of ADT [24]. In
another institutional analysis of UIR, high-risk (HR) and
very-high risk (VHR) patients did not show biochemical
control benefit with addition of ADT to iodine-125 (1%°])
brachytherapy [25]. Ultimately, the variability in results
of these studies suggests that UIR PCa consists of a hete-
rogeneous group of cancers for which genomic and/or
radiographic stratification may be able to better select
patients treated with BT who may benefit from addition
of ADT [26, 27].

While the 5- and 10-year bPFES rates found in our study
are comparable to those seen in prospective data of inter-
mediate-risk prostate cancer patients [6-8], limitations re-
lated to selection bias may contribute to the finding of no
statistically significant difference in bPFS with ADT. For
example, patients who received ADT were more frequent-
ly diagnosed with grade group 3 (vs. 2) disease, staged
with pre-treatment bone scan and MRI, and treated with
sEBRT. This suggests that patients treated with ADT may
have been selected for treatment intensification due to
inherently higher risk of biochemical failure; it is possi-
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Fig. 1. Kaplan-Meier curves for biochemical progres-
sion-free survival (bPFS) for patients treated with or with-
out androgen deprivation therapy

ble that such selection bias could not be fully mitigated
by multivariable analysis. Additionally, patients who re-
ceived ADT were a minority in this study, and it is possi-
ble that this factor limits the study’s statistical power.

In conclusion, in this study among UIR PCa patients
treated with BT-based dose escalation with or without
ADT, we found no significant association between receiv-
ing ADT and improved bPFS. These findings suggest that
for appropriately selected patients receiving BT, there
may be little added benefit to ADT, but prospective vali-
dation is warranted.
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Table 2. Multivariable Cox regression for biochemical progression-free survival*

Covariate Level Hazard ratio (95% Cl) HR
p-value
Androgen deprivation therapy No 1.03 (0.36-2.97) 0.956
Yes = =
PSA >10 4.75 (1.65-13.70) 0.004
<10 = =
Pre-treatment MRI Yes 3.77 (1.15-12.38) 0.029
No = =
T stage Tl 0.37 (0.13-1.11) 0.076
T2 = =

* Backward selection with an a. level of removal of 0.1. The following variables were removed from the model: insurance, age, brachytherapy type, supplemental
external beam radiation therapy, external beam radiation target, Gleason score, obesity, pre-treatment bone scan, pre-treatment CT scan, and race
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