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Abstract
Purpose of Review Androgen deprivation therapy (ADT) is
an important adjunctive therapy to external beam radiation
therapy (RT) for the definitive management of prostate cancer.
The role of ADT is well-established for locally advanced or
high-risk disease in conjunction with standard doses of RT,
but less defined for intermediate-risk disease or with dose-
escalated RT. The goal of this review is to summarize evi-
dence evaluating the combination of ADT/RT, focusing on
recent trials and current controversies as they pertain to the
practicing clinician.
Recent Findings The benefit of ADT on biochemical control
is maintained with dose-escalated RT according to recently
reported phase III studies. Furthermore, there is now prospec-
tive, randomized evidence to support the addition of ADT to
RT in the post-prostatectomy setting.
Summary ADT continues to play an important role for pros-
tate cancer patients receiving dose-escalated RT. Future re-
search is needed to identify subgroups most likely to benefit
from this combination.

Keywords Prostate cancer . Radiation therapy . Hormonal
therapy

Introduction

There is level 1 evidence to support the addition of an-
drogen deprivation therapy (ADT) to external beam ra-
diation therapy (RT) for primary treatment of unfavor-
able-risk, non-metastatic prostate cancer. However, a
number of questions remain regarding the role of ADT
for prostate cancer patients receiving RT, such as the
optimal duration of ADT and how to best select patients
who will benefit from combined therapy. This review
will summarize the rationale for combining ADT with
RT, and focus on recent evidence and controversies sur-
rounding this approach for intact and post-operative
prostate cancer patients as they pertain to the practicing
clinician.

Mechanism of Action

When combined with RT to treat prostate cancer, ADT
has been shown to improve local control, and reduce the
risk of distant metastasis. Relatively recent work has elu-
cidated a possible mechanism which accounts for im-
proved local control through radiation sensitization.
Normally, androgens stimulate DNA repair genes via the
androgen receptor and thereby counteract the DNA-
damaging effects of ionizing radiation [1]. Hormonal ther-
apy may sensitize prostate cancer cells to ionizing radia-
tion by disrupting this pathway. Other mechanisms may
also contribute, such as the ability for hormonal therapy to
reduce intra-prostatic hypoxia [2]. Conceptually, the addi-
tion of ADT to RT shifts the sigmoidal dose response
curve for tumor control to the left, increasing the proba-
bility of tumor cell kill at a given RT dose without a
corresponding shift of the normal tissue complication
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curve (Fig. 1). The radiation-sensitizing properties of
ADT are supported by the significantly reduced rates of
positive post-treatment prostate biopsies after combined
ADT/RT compared to RT alone [3]. This finding has im-
portant implications for disease outcomes, as persistent
local disease can lead to development of distant metasta-
ses [4]. The effect of ADT on distant control in the setting
of RT is more difficult to explain, as multiple randomized
studies have failed to demonstrate a similar benefit for
men treated with radical prostatectomy, suggesting that
this effect could be uniquely associated with the adminis-
tration of RT [5–9]. Other anti-tumor mechanisms may be
involved such as effects on subclinical micrometastases,
since the early reduction in distant metastases observed
with addition of ADT is not well explained by DNA re-
pair pathways or a simple translation of local failures
which progress to distant disease. Some of this effect
may be immune mediated, as ADT has been shown to
elicit immune responses, while RT promotes immunogen-
ic cell death and antigen presentation [10].

Evidence Supporting ADT + RT: Classic
Randomized Trials

Multiple randomized trials support the addition of ADT to
conventional dose (≤70 Gy) RT for primary treatment of intact
prostate cancer (Table 1) [3, 11, 13, 15, 17, 19, 27, 28]. These
landmark trials demonstrated improved disease-free survival
(DFS) and overall survival (OS) with ADT/RT compared to
RT alone. However, many of these studies were conducted
prior to widespread PSA screening and predominantly includ-
ed men with locally advanced disease. Furthermore, the
timing and duration of ADT varied widely, given before, dur-
ing, and/or after RTand ranging from 4months to indefinitely.
Since the inception of these trials, improvements in radiation
techniques have enabled safe escalation of radiation dose,
which has been associated with improvements in biochemical
control compared to conventional dose RT in the absence of
ADT [29–34]. Therefore, it is unclear whether the effect of
ADT observed in older trials necessarily applies today with
dose-escalated RT and PSA screening. Subsequent trials have
attempted to determine the ideal duration of ADT and refine
patient selection for combination therapy.

Defining the Optimal Duration of ADT

High-Risk Patients

Practice guideline: long-term ADT (2 years, 4 months) given
neoadjuvantly, concurrently, and adjuvantly is recommended
for men with high-risk disease.

In high-risk patients (T3, Gleason score ≥ 8, or PSA > 20)
long-term (LT) ADT is the current standard of care according
to national guidelines [35]. This recommendation is based on
the results of two large randomized trials demonstrating
disease-specific survival (DSS) and overall survival (OS) ben-
efits to LT-ADT (28–36 months) over short-term (ST) ADT
(4–6 months) in men with high-risk or locally advanced dis-
ease receiving conventional dose RT (Table 2) [36, 37]. In
EORTC 22961, 5-year overall survival was superior with
3 years of ADT compared to 6 months. In RTOG 9202, 10-
year disease-free survival (DFS) and DSS endpoints were im-
proved with 28 months of ADT compared to 4 months. In a
post hoc subgroup analysis, there was a survival advantage
with LT-ADT in men with Gleason score ≥ 8 [36]. In contrast,
in a recently published secondary analysis including the 133
patients classified as intermediate-risk with median follow-up
of 11 years, there was no benefit to LT-ADT in terms of overall
and disease-specific survival or biochemical outcomes for this
subgroup [42]. Overall, these studies suggest improved out-
comes with LT-ADT over ST-ADT in high-risk patients re-
ceiving conventional dose RT.

More recently, the Canadian PCS IV study compared
36 months of ADT to an intermediate duration of 18 months
with conventional dose RT for high-risk, node-negative pa-
tients (majority clinical T2–3 with median PSA of 16 ng/ml
and median Gleason score of 8) [38]. Preliminary results were
presented at the American Society of Clinical Oncology
(ASCO) conference in 2013 and suggest no significant differ-
ences in overall and disease-specific survival, biochemical
failure, or distant metastases. The 10-year OS and DSS rates
were 62 vs 59% (p = 0.275) and 84 vs 84% (p = 0.819) com-
paring 36 to 18 months of ADT [38]. While provocative, the
trial was not designed as a non-inferiority trial and the hazard
ratio for death comparing 18 to 36 months has a fairly wide
confidence interval (HR = 1.15, 95% CI = 0.83–1.59), limit-
ing the strength of conclusions about the safety of reducing the
duration of ADT to 18 months.

Although LT-ADT is preferred for high-risk patients, the
trials that established this standard of care used RT doses

�Fig. 1 Dose response curve for tumor control and severe normal tissue
complications with and without ADT. a A model to illustrate the local
effects of radiation therapy on tumor control. A slight increase in dose
(such as 8 Gy at 2 Gy/fraction, separating points A and B) can have a
significant impact on local control in the external beam dose range where
the sigmoidal response curves are the steepest. Hormonal therapy acts as a
radiation sensitizer and shifts the tumor control probability curve to the
left, improving local control at both points A and B. The shift results in
less impact in the higher dose range of brachytherapy (point C). b To
illustrate the impact of ADT on tumor control probability, estimated 5-
year biochemical recurrence-free survival (bRFS) rates from select
randomized trials are plotted against radiation dose. A sigmoidal curve
is drawn according to data from randomized trials (focusing on the dose
range of 64-80 Gy) showing how hormonal therapy (gold) shifts the dose
response curve of radiation alone (blue) to the left
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lower than what is commonly used today and included men
with locally advanced disease who may stand to benefit more
from prolonged ADT (the majority of patients in RTOG 9202
and EORTC 22961 had clinical T3–4 disease). In practice,
completing multiple years of hormonal therapy can be chal-
lenging, and somemen will choose to discontinue therapy due
to side effects or physician concerns with age or comorbidity
[43]. The heterogeneity of disease outcomes after therapy
within the high-risk group has been increasingly recognized,
and it is likely that certain subgroups derive greater benefit
from LT-ADT. Prognostic factors such as PSA nadir may help
identify a subset of high-risk patients who have acceptable
outcomes with ST-ADT, although this has yet to be validated
in a prospective fashion [44]. Furthermore, the effect of ADT
over time appears to be non-linear, with the greatest benefits
gained during the initial months and diminishing thereafter
[45]. The reason for the differential effect of ADT over time
is unclear, but may be related to the fact that complete re-
sponse to therapy can be delayed by 18 or more months.
Post-treatment biopsies within 18 months of RT can show
indeterminate findings, whereas biopsies after 2.5 years are
typically negative provided that sufficient radiation doses are
given [46–48]. While LT-ADT remains the current standard
for high-risk disease, further study is warranted to identify
high-risk patients who could achieve acceptable disease con-
trol with ST-ADT or even no ADT.

Intermediate-Risk Patients

Practice guideline: short-term ADT (4–6 months) given
neoadjuvantly and concurrently is recommended for men with
intermediate-risk disease on an individualized basis.

The role of ADT is more controversial in the intermediate-
risk group (T2b-c, Gleason score 7, or PSA 10–20 ng/ml). In
general, ST-ADT (duration of 4–6 months) is considered stan-
dard when ADT is used. Several of the classic randomized
trials supporting the addition of ADT to conventional dose
RT included intermediate-risk patients, most notably DFCI
95–096 and RTOG 9408 [3, 19]. Both of these trials demon-
strated improved overall survival with ST-ADT compared to
no ADT. It should be noted that low-risk patients included in
RTOG 9408 did not benefit from the addition of ADT, and
ADT is not recommended for this subgroup [3].

Since then, other trials have attempted to define the optimal
duration of ADT for intermediate-risk patients. In a multi-
center phase III trial fromCanada consisting of predominantly
low- and intermediate-risk patients, there was no significant
benefit to 8 months compared to 3 months of ADT given
neoadjuvantly with conventional dose RT (5-yearfreedom
from biochemical failure (FFbF) 75 vs 72%, p = 0.18) [39].
Similarly, in RTOG 9910, there was no improvement in any
endpoint comparing 4 to 9 months of ADTwith conventional
dose RT (10-year DSS 95 vs 96%, p = 0.45; 10-year OS 66 vsT
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67%, p = 0.62) [40]. Furthermore, there was no benefit with
the extended course of ADT in the subgroup of patients with
more than one intermediate-risk factor. Given these results, a
shorter duration of 4–6 months is preferred when ADT is
recommended for intermediate-risk disease.

The decision of whether or not to recommend ADT for
men with intermediate-risk disease is somewhat complex, giv-
en the heterogeneous nature of this group. Clinical factors,
such as percentage of positive biopsy cores, can be used to
help aid in patient selection for ADT [49]. A subsequent,
larger retrospective analysis with long-term follow-up from
MSKCC suggests that the presence of primary Gleason 4
disease, multiple intermediate-risk factors, or percent positive
cores ≥50% may be useful to further risk stratify in this het-
erogeneous cohort [50]. Patients with “unfavorable” features
behave similarly to men treated with high-risk disease (who
may require ADT), while patients with “favorable” disease
behave similarly to men treated with low-risk disease (who
may not require ADT). The use of additional clinical risk
factors can therefore aid decision making regarding the use
of ADT for men who will receive RT.

Recognizing the shortcomings of the traditional Gleason
grading, investigators have proposed a new grading system
which differentiates Gleason 3 + 4 (grade group 2) from
Gleason 4 + 3 (grade group 3) [51]. In this multi-institutional
analysis of more than 20,000 men with prostate cancer, large
differences in biochemical DFS were apparent between
Gleason 3 + 4 vs 4 + 3 disease in patients treated with radical
prostatectomy and also present to a lesser degree in patients
receiving RT alone. However, the proposed grade groups were
less discriminating when including patients treated with com-
bined RT/ADT, likely due to the beneficial impact of ADT for
higher-grade disease. Overall, the available evidence supports
the use of primary Gleason 4 pattern among other clinical risk
factors to further risk-stratify intermediate-risk patients and in-
form selection for ADT.

In addition to clinical risk factors, various biomarkers have
been explored to improve risk stratification and guide individ-
ualized treatment decisions. Based on tissue samples collected
from RTOG 86–10 and 92–02, several biomarkers have been
identified as prognostic for disease outcomes (p16, Ki-67,
VEGF/HiF-1 alpha) and/or predictive of response to therapy

Table 2 Summary of randomized trials comparing different durations of ADT with conventional or dose-escalated RT. Duration of ADT (intact
prostate)

Number Patients Eligibility Hormone therapy Radiation
therapy

5 yr. outcomes 10 yr. outcomes

Conventional dose RT

RTOG 9202 [36]
(1992–1995)

1554 High-risk
55% T3–4

T2c-T4; N0;
PSA < 150

28 months N, C, A
(1+) vs 4 months
N, C (2)

46 Gy WP
24 Gy Px

FFbF = 72/44
DM = 12/17
CSS = 95/91
OS = 80/79NS

FFbF = 48/32
DM = 15/23
CSS = 89/84
OS = 52/54NS

EORTC
22,961 [37]
(1997–2001)

970 High-risk
77% T3–4

T2c-4 or LN+
PSA < 160

3 years C, A (1+)
vs 6 months C, A

50 Gy WP
20 Gy Px/sv

DFS = 81/69
DM = 14/6
CSS = 97/95
OS = 85/81

PCS IV
Quebec [38]
(2000–2008)

630 High-risk T3–4 or PSA >
20 or GS8+, N0

3 years N,C,A 2) vs
18 months N,C,A (2)

44 Gy WP
70 Gy Px

CSS = 97/95NS

OS = 91/86NS
CSS = 4/84NS

OS = 62/59NS

Canada (multi-
center) [39]

(1995–2001)

378 26% low-risk
43% int-risk

Any M0 8 months N (2) vs
3 months N (2)

46 Gy Px/sv
(WP optional)

66 Gy Px

FFbF = 75/72NS

OS = 88/85NS

RTOG 9910 [40]
(2000–2004)

1579 84% Int-risk
94% T1–2
11% GS8+

GS6 and PSA > 10;
GS7 and PSA < 20;

T1, GS8–10, PSA < 20

9 months N, C (2) vs
4 months N, C (2)

46.8 Gy WP
(optional)

70.2 Gy Px

FFbF = 73/73NS

DM = 6/6NS

CSS = 96/95NS

OS = 67/66NS

Dose-escalated RT

Spain
DART 01/05
GICOR [41•]
(2005–2010)

355 46% int-risk
54% high-risk
20% T3
25% GS8+

T1c-T3b, N0, NCCN
int-risk or high-risk
features,

PSA < 100

28 months N, C, A
(2) vs 4 months
N, C

56 Gy Px/sv
76–82 Gy Px
(isocenter)

bRFS = 90/81
DMFS = 94/83
OS = 95/86

N neoadjuvant, C concurrent, A adjuvant, # number of hormonal agents used, WP whole pelvis, Px prostate, sv seminal vesicles, RT given in
conventional fractionation, bRFS biochemical recurrence-free survival, DM distant metastases, CSS cause-specific survival, OS overall survival, DFS
disease-free survival, BF biochemical failure, FFbF freedom from biochemical failure, DMFS distant metastasis-free survival, NS not statistically
significant; all other comparisons statistically significant
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(p53 DNA, DNA ploidy, COX-2) [52]. For example, COX-2
expression was found to be an adverse prognostic factor for
biochemical failure and distant metastasis in a cohort of over
500 patients from RTOG 92–02 [53]. Notably, the prognostic
value of COX-2 expression was not seen in the LT-ADT arm,
suggesting that LT-ADTmight compensate for the detrimental
impact of COX-2 expression [53]. In this way, biomarkers
such as COX-2 could potentially be used to select patients
for LT-ADT. However, prospective validation with indepen-
dent datasets is necessary before incorporating tissue bio-
markers into routine practice. Genomic classifiers are also
being explored in this context and hold some promise [54].

Role of ADTwith Dose-Escalated RT

Can ADT be Safely Omitted with Dose-Escalated RT?

With advances in treatment planning and delivery including
intensity-modulated RT and image guidance, dose-escalated
RT (which could be considered radiation dose ≥74 Gy) is now
commonly prescribed, as multiple randomized trials have
demonstrated that it improves biochemical outcomes com-
pared to conventional doses of RT [29–31]. It is plausible to
consider that the incremental benefit of dose escalation be-
yond conventional RT could diminish the impact of ADT,
especially if the primary goal of ADT is to influence local
control as a radiation sensitizer.

Given that ADT can cause side effects, there is a desire to
identify men who can avoid ADT and still achieve excellent
oncologic outcomes with RT alone [55]. Retrospective studies
of ADT plus dose-escalated RT have produced mixed results,
with some suggesting a benefit toADTand others showing none
[56–58]. The omission of ADT may be most relevant for
intermediate-risk patients due to the substantial heterogeneity
within this group but could also apply to select high-risk pa-
tients. Randomized trials (primarily enrolling intermediate-risk
patients) are beginning to mature that will help address this
question.

EORTC trial 22991 investigated the addition of 6 months
of ADT starting on day 1 of RT compared to RT alone for
intermediate (64%) or high-risk patients (35%) [22•]. RT dose
was 70, 74, or 78 Gy as determined by participating center.
The 5-year biochemical DFS was significantly improved with
6 months of ADT compared to RT alone (83 vs 70%,
p < 0.01). Furthermore, the benefit of ADT was observed in
all RT dose levels. However, there was no difference in overall
survival in this early report. As expected, hormone-related
adverse effects were increased and sexual function impaired
in the combination arm at 6- and 12-month time points; how-
ever, these differences diminished by 2 years. Preliminary
results of two recently reported phase III trials also suggested
a benefit to adding ST-ADT to dose-escalated RT for

intermediate-risk patients. The Canadian PCS 3 trial random-
ized intermediate-risk patients to one of three arms: 70 Gy
plus 6 months ADT, 76 Gy plus 6 months ADT, or 76 Gy
RT alone [23]. Preliminary results reported at the 2016
ASTRO conference demonstrated improved 10 year DFS
rates in the two arms receiving combined ADT/RT compared
to the RT alone arm (10-year DFS rates 78, 78, and 67%,
respectively, p = 0.016 and p = 0.001). In contrast, there were
no significant differences in DFS between the two groups
receiving ADT despite different RT dose levels.
Furthermore, late GI toxicity was significantly lower in the
70 Gy RT + ADT arm compared to high-dose RT arms (5 vs
16%; p < 0.001). There was no significant difference in sur-
vival at 10 years. The GETUG 14 trial randomized
intermediate-risk patients to 4 months of ADTor noADTwith
dose-escalated RT (80 Gy). Although enrollment was closed
prematurely due to poor accrual, preliminary results including
377 patients were recently reported at ASCO in 2016. There
was a significant improvement in biochemical outcomes in the
group receiving ADT (5-year biochemical DFS 84 vs 76%,
p = 0.02) [24].

In sum, these trials demonstrate that ADT improves bio-
chemical outcomes in the setting of dose-escalated RT. Longer
follow-up is needed to assess the impact on overall survival.
The continued benefit of ADT for external beam doses
≥74 Gy suggest that the dose range of 74–80 Gy is still on
the steep portion of the sigmoid tumor response curve (Fig. 1),
assuming that ADT acts primarily on local control.

Can the Duration of ADT be Reduced
with Dose-Escalated RT?

Although dose-escalated RT may not obviate the need for
ADT, it may allow for a shorter course. This would likely have
significant quality of life implications, given that abbreviating
ADT duration can allow for earlier to testosterone recovery.
Thus far, only one phase III trial has reported on the impact of
varying durations of ADT combined with dose-escalated RT.
The DART 01/05 trial from Spain included intermediate
(46%) or high-risk (54%) patients and compared 28 to
4 months of ADT with a minimum RT dose of 76 Gy (range
76–82 Gy) [41•]. With a median follow-up of 63 months, the
primary endpoint of biochemical DFS was significantly im-
proved with LT-ADT arm compared to ST-ADT (5-year bio-
chemical DFS 90 vs 81%, p = 0.01). Five-year overall survival
and distant metastasis-free survival was also significantly im-
proved in the LT-ADT group. According to a subgroup anal-
ysis, the benefits seen with LT-ADT were most evident in
high-risk patients for all endpoints. Importantly, patient char-
acteristics were representative of what would be expected in
modern practice, with the majority of patients clinical stage
T1–2 and a median PSA of 11.0 ng/ml. At this time, the
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available evidence continues to support LT-ADT for high-risk
patients.

In situations where a shorter course of ADT is considered,
PSA response may be a tool to help guide this decision. In a
multi-institutional retrospective analysis of over 450 men
treated with dose-escalated RT, PSA nadir ≤0.2 ng/ml was
an independent prognostic factor for freedom from distant
metastases and cause-specific survival [44]. Men with PSA
nadir ≤0.2 ng/ml had favorable outcomes whether ADT was
given for <12 or ≥12 months. Other investigators have iden-
tified PSA nadir >0.5 ng/ml after completion of RT and
6 months of ADT as a surrogate marker for prostate cancer
specific mortality [59]. These early markers of treatment re-
sponse may help identify men more likely to benefit from
prolonged ADT.

ADT Plus Brachytherapy

Brachytherapy, which involves exposure of the prostate to
either temporary or implantable radioactive sources, enables
dose escalation beyond that achievable with external beam
RT. It is possible that ablative brachytherapy doses may re-
duce the need for ADT from a radiation sensitization stand-
point, although ADTmay still have a role in addressing occult
micrometastases in high-risk patients. The majority of retro-
spective series on this topic suggest no benefit with the addi-
tion of ADT to brachytherapy; however, there is certainly the
potential for selection bias in these reports [60]. Currently,
there are limited data available to further clarify the role of
ADTwith brachytherapy.

Recently, the Canadian ASCENDE-RT randomized trial
demonstrated a significantly higher rate of biochemical failure
after dose-escalated external beam RT compared to low-dose-
rate brachytherapy boost (hazard ratio = 2.04, p = 0.004) in
men with intermediate- or high-risk disease who received
12 months of ADT [61•]. The duration of ADT was not ran-
domized, but men in the brachytherapy boost arm had favor-
able biochemical outcomes, and the majority of patients with
biochemical control had a PSA that was undetectable. This
raises the possibility that the need for ADT may be modified
for men treated with brachytherapy; however, prospective tri-
als will be needed to test this hypothesis. Since brachytherapy
can result in gland ablation (i.e., at the far right of a dose
response curve), the role of ADT in this setting may shift more
towards augmenting distant control rather than local control.
Interestingly, a retrospective report of men treated with
brachytherapy boost with Gleason score 9–10 disease, does
demonstrate significantly higher rates of distant control at 10-
years compared to men treated with external beam RT or rad-
ical prostatectomy (90, 67, and 62%, respectively, p < 0.01)
[62]. Whether brachytherapy can further enhance the ability
for ADT, or host immunity, to improve distant control rates

beyond external beam RT is a hypothesis that requires further
validation.

Recently, a task group from the American Brachytherapy
Society performed a systematic review and proposed guide-
lines for the use of ADT with brachytherapy [63]. Although
most studies reviewed were retrospective and heterogeneous,
there does not appear to be a benefit to adding ADT to brachy-
therapy for low-risk and favorable intermediate-risk men. On
the other hand, there may be an improvement in biochemical
control with adding ADT to brachytherapy for unfavorable
intermediate- and high-risk men or those with suboptimal im-
plant dosimetry. However, the impact of ADT on cause-
specific or overall survival is uncertain, and the authors rec-
ommend caution in prescribing ADT in older men ormenwith
comorbidity. Several ongoing randomized trials examining
the role of ADT with brachytherapy will provide further
insight.

ADT + Post-prostatectomy RT

Practice guideline: offer concurrent ADTwith salvage RT for
select men based on clinical risk factors (e.g., higher Gleason
score, higher PSA, pN1) and patient factors.

Given the benefit of ADT to primary RT for intact prostate
cancer, it is reasonable to hypothesize that ADT could im-
prove outcomes with adjuvant or salvage RT after prostatec-
tomy; however, patient selection remains a challenge and is an
ongoing area of research. The presence of high Gleason grade
at the site of a positive surgical margin has been associated
with increased risk of biochemical recurrence and proposed as
a selection factor for adjuvant RT, but it is unknown whether
the addition of ADT to adjuvant RTwould improve outcomes
[64]. In an updated analysis of SWOG 8794, patients with
pathologic Gleason 8 disease or persistently detectable PSA
were at high risk of disease progression (44–55% at 3 years)
despite post-prostatectomy RT, suggesting that treatment in-
tensification may be beneficial in this subset [65].
Subsequently, RTOG 0621 investigated the addition of
6 months ADT and 6 cycles of docetaxel to post-
prostatectomy RT in high-risk patients defined as Gleason
≥8 and ≥pT3a with undetectable post-operative PSA or
Gleason 7 with persistently elevated PSA [66]. The 3-year
freedom from progression of 73% was improved compared
to historical controls receiving post-prostatectomy RT alone.
These preliminary results suggest that a subgroup of patients
may benefit from concurrent ADT when immediate post-
prostatectomy RT is delivered.

The results of two recently published phase III trials,
GETUG-16 and RTOG 9601, now support the addition of
ADT to salvage RT for rising PSA after prostatectomy
(Table 1) [25••, 26•]. GETUG-16 demonstrated improved
progression-free survival at 5 years with the addition of
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6 months of ADT to salvage RT [26•]. With a median follow-
up of 13 years, RTOG 9601 demonstrated improvements in
late endpoints including distant metastasis-free, disease-spe-
cific, and overall survival at 12 years with the addition of
24 months of ADT to salvage RT [25••]. Many of the known
prognostic factors for salvage RT were confirmed by these
studies. In GETUG-16, higher PSA prior to RT, pT3b stage,
negative surgical margins, and PSA doubling time less than
6 months were all associated with increased risk of relapse
after salvage therapy [26•]. In RTOG 9601, the improvements
in metastasis-free survival with ADTwere greater for patients
with PSA >1.5 ng/mL, Gleason score ≥8 or positive surgical
margins [25••].

There were some notable differences between these two
trials, however, which have implications for applying the re-
sults to current practice. For example, RTOG 9601 included
some patients with persistently elevated PSAvalues after pros-
tatectomywhile GETUG-16 required an undetectable PSA for
6 months post-operatively. Also, RTOG 9601 allowed a
higher upper limit PSA of 4 ng/ml compared to 2 ng/ml in
GETUG-16. This distinction is relevant because a higher PSA
level prior to RT was identified as a significant prognostic
factor in both trials. In many practices, salvage RT is routinely
offered at relatively low PSA levels, given the improved bio-
chemical outcomes consistently observed with lower PSA
levels prior to salvage RT [67]. Of note, the type and duration
of androgen suppression differed: 6 months of goserelin in
GETUG-16 vs 24 months of high-dose bicalutamide
(150 mg daily) in RTOG 9601. This bicalutamide dosing reg-
imen is no longer recommended, and most patients will re-
ceive standard GnRH agonists if the decision is made to offer
ADT in conjunction with salvage RT. Overall, while these
trials provide the first prospective, randomized evidence
supporting the addition of ADT to salvage RT, a number of
clinicopathologic factors (e.g., surgical margin status, Gleason
score, lymph node involvement, pre-salvage RT PSA) as well
as patient factors (age, comorbidity) can be used to decide
whether to add ADT to salvage RT.

Adverse Effects and Toxicity Concerns

The oncologic benefits to ADT should be balanced against
potential toxicity concerns and quality of life considerations
[55]. The potential adverse effects of ADT are well-
established, such as sexual dysfunction, hot flashes, weight
gain, metabolic effects and decreased bone mineral density.
Other potential concerns, such as cardiovascular toxicity, are
more controversial but could have substantial consequences.
Several large, observational studies have identified an associ-
ation between ADT use and cardiovascular events, however
this association has not been consistently observed in prospec-
tive studies [68, 69]. A potential link between ADT use and

other diseases has also been reported, including
neurocognitive issues (e.g., Alzheimer disease), diabetes,
stroke, venous thromboembolism, frailty, etc. [70–73]. Men
should be counseled about these risks, and interventions to
reduce or manage side effects should be pursued such as ex-
ercise, lifestyle modifications, as well as involvement of the
primary care physician, cardiologist, dietician, or other
healthcare providers.

Ultimately, clinicians must weigh the relative benefits of
combined ADT against the risks. In the treatment of prostate
cancer, the use of hormonal therapy is another treatment var-
iable, which complements a wide range of radiation dose
(from conventional external beam doses of 70 Gy, up to abla-
tive doses of brachytherapy) that a radiation oncologist can
choose from to tailor treatment to fit the needs of the individ-
ual. It is desirable to allow life expectancy and medical co-
morbidity to influence the aggressiveness of prostate cancer
treatment. Goals of therapy can vary for two patients with the
same risk features of prostate cancer in a different clinical
context, and should be adjusted according to whether disease
recurrence would harm a patient’s quality of life or life
expectancy.

Conclusions and Future Directions

In conclusion, ADT is an established adjunctive therapy for
men with prostate cancer receiving RT. Level 1 evidence sup-
ports the role of ADT for locally advanced or high-risk pa-
tients, while the benefit of ADT in intermediate-risk patients is
more controversial. A number of ongoing studies will help
refine recommendations for ADT in various risk groups.
RTOG 0815 is a phase III trial comparing 6 months of ADT
to no ADT specifically in intermediate-risk patients.
Furthermore, this trial will use the Adult Comorbidity
Evaluation-27 (ACE-27) score to stratify patients and thereby
will provide further insight into the risk-benefit ratio of ADT
in regards to comorbidity. Also, additional randomized trials
in the post-prostatectomy setting are underway including the
RTOG 0534, which is examining the benefit of ST-ADT (4–
6 months) compared to no ADT, and the RADICALS-HD,
which is testing the duration of ADT (24 months vs 6 months
vs none). Several trials incorporating novel hormonal therapy
agents (e.g., abiraterone, enzalutamide) in the intact and post-
prostatectomy settings are ongoing [74]. In addition, both RT
and ADT may modulate the immune system, and multiple
trials are underway testing the potential synergy of RT/ADT
with various immunotherapies [10]. Finally, molecular bio-
markers may improve the ability to risk-stratify men and op-
timally tailor therapies. Recently, a genomic classifier using
tissue from biopsy samples has been shown to predict for
distant metastases after ADT/RT for intermediate- and high-
risk patients [54].
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