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Evaluation of clinical risk stratification to determine benefit
from long-term versus short-term androgen deprivation in
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BACKGROUND: Patients treated with RT and long-term androgen deprivation therapy (ltADT) for high-risk localized prostate cancer
(HRLPC) with 1 high-risk factor (any of Gleason ≥8, PSA > 20 ng/mL, ≥cT3; “high-risk”) have better outcomes than those with 2–3
factors and/or cN1 disease (“very high risk”). We evaluated whether this risk stratification could determine benefit from ltADT versus
short-term (stADT).
METHODS: The Intermediate Clinical Endpoints in Cancer of the Prostate (ICECaP) repository of randomized trials was queried to
identify eligible patients and trials. The key outcomes of interest were metastasis-free survival (MFS), overall survival (OS), time to
metastasis (TTM) and prostate cancer-specific mortality (PCSM). Stratified Cox and Gray’s regression were used to obtain the overall
treatment effect for outcomes and risk groups, and the Wald interaction test to estimate whether treatment benefit differed by risk
group or trial. Heterogeneity of studies was assessed by Cochran’s Q and I2.
RESULTS: 2780 patients from 3 trials were included. Patients with very-high risk disease had greater benefit with ltADT compared
to high-risk disease (MFS HR 0.77 [0.68–0.88] vs. 0.89 [0.76–1.03]; TTM 0.61 [0.51–0.74] vs. 0.77 [0.59–0.99]; PCSM 0.71 [0.56–0.90] vs.
0.82 [0.59–1.14]; OS 0.87 [0.76–1.00] vs. 0.93 [0.79–1.08]), but there was no statistically significant difference in treatment effect by
risk group (p-interaction >0.1). Heterogeneity for treatment effect across trials was low in the very high-risk group and moderate in
the high-risk group.
CONCLUSIONS: Clinical risk stratification merits further evaluation in clinical trials to identify which patients with HRLPC may
benefit from ltADT versus stADT.
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The addition of androgen deprivation therapy (ADT) to radio-
therapy (RT) is a standard-of-care in the treatment of high-risk
localized prostate cancer (HRLPC), with extension of ADT beyond
18 months (long-term ADT; ltADT) conferring an 8% metastasis-
free survival (MFS) benefit at 10 years compared to short-term ADT
(stADT; 3–6 months) [1]. There has been interest in use of
biomarkers to predict benefit from ltADT, including a 22-gene
genomic classifier (Decipher-GC) [2] and an artificial intelligence
(AI)-derived digital pathology biomarker (ArteraAI) [3, 4].
We published a prognostic risk model for patients treated with

RT and ltADT for HRLPC from the Intermediate Clinical Endpoints
in Cancer of the Prostate (ICECaP) data repository [5]. Patients with
1 National Comprehensive Cancer Network (NCCN) high-risk factor
(Gleason ≥8, PSA > 20 ng/mL, ≥cT3 disease) had significantly
better MFS and overall survival (OS), and lower rate of prostate
cancer-specific mortality (PCSM) compared to those with 2–3 risk
factors and/or cN1 disease. We aimed to evaluate whether use of
this risk stratification could differentiate benefit from stADT
versus ltADT.

The ICECaP individual patient data (IPD) repository of 31 RT-
based randomized trials was queried to identify HRLPC patients
with HRLPC treated on studies evaluating stADT versus ltADT
(Supplementary Fig. 1). The key outcomes of interest were MFS,
OS, time to metastasis (TTM) and PCSM, defined as previously
reported [5]. ICECaP risk was defined as either “high” (i.e. 1 NCCN
risk factor) or “very high” (2–3 risk factors and/or N1).
The overall treatment effect for each outcome and risk group

was obtained from stratified Cox regression (MFS, OS) or Gray’s
regression (TTM, PCSM), adjusted for age and performance status,
and stratified by trial and year of randomization (per 5-year
increment) using the one-stage model for IPD meta-analysis. The
Wald test from the interaction term of the Cox or Gray model
estimated whether treatment benefit differed by risk group or
trial. A sensitivity analysis based on the two-stage meta-analysis
fixed-effect model, weighed by the inverse of variance of
individual trial estimate, was also performed; heterogeneity of
studies was assessed by Cochran’s Q statistics and I2 following
PRISMA-IPD guidelines.
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Overall, 2780 patients from 3 trials (EORTC-22961, [6] RTOG-
9202, [7] TROG-0304 [8]) were included with a median follow-up of
11 years (IQR 7-19); baseline characteristics of these patients at
randomization are shown in Supplementary Table 2. ICECaP risk
(high vs. very high) showed good prognostic power across all
three trials (Supplementary Fig. 2). The impact of ICECaP risk on
MFS, TTM, PCSM and OS for ltADT versus stADT is shown in
Supplementary Table 3. Though patients with ICECaP very-high
risk disease derived greater benefit with ltADT compared to those
with ICECaP high-risk disease (MFS HR 0.77 [0.68–0.88] vs. 0.89
[0.76–1.03]; TTM HR 0.61 [0.51–0.74] vs. 0.77 [0.59–0.99]; PCSM HR
0.71 [0.56–0.90] vs. 0.82 [0.59–1.14]; OS HR 0.87 [0.76–1.00] vs. 0.93
[0.79–1.08]), there was no statistically significant difference in
treatment effect by risk group (p-interaction>0.1). Similar results
were observed using the two-stage meta-analysis models
(Supplementary Table 4).
When evaluated for each of the three included trials, the overall

different treatment effects across risk groups were driven largely
from the RTOG-9202 study (MFS HR 0.80 vs. 0.98; TTM HR 0.57 vs.
0.96; PCSM HR 0.67 vs. 0.88; OS HR 0.89 vs. 0.87 for very-high vs.
high risk; Fig. 1, Supplementary Table 4). Kaplan-Meier and
cumulative incidence curves showing MFS and TTM for each study
stratified by ICECAP risk are shown in Supplementary Fig. 3.
Overall, the heterogeneity for treatment effect across trials was
low in the very-high risk population. In contrast, moderate
heterogeneity was seen in the high-risk group. A greater
treatment benefit for long- versus short-term ADT on MFS and
TTM was seen in the EORTC trial compared to the other 2 trials
within the high-risk group (p-interaction <0.05, Supplementary
Table 4).
In this analysis comprising nearly 3000 patients treated on three

randomized trials evaluating ADT duration with RT for HRLPC,
clinical risk stratification was able to provide some measure of
benefit from ltADT (vs. stADT) in patients with 2-3 NCCN risk
factors and/or N1 disease. However, for patients with 1 NCCN risk
factor, there was significant heterogeneity in treatment effect
across trials with the overall treatment effect driven largely by
data from one trial (RTOG-9902) [7].
These findings show that use of routine clinical parameters

could have value in selecting which patients with HRLPC need
ltADT and who may be well served with stADT. The current NCCN
guidelines suggest that Decipher-GC and ArteraAI may be used to
aid in risk stratification and selection of patients for ADT [9]. These
were both validated as post-hoc analyses of NRG trials, including
RTOG-9202. Use of ICECaP risk [5] was able to identify patients
who might benefit from ltADT in the RTOG-9202 trial, where
median follow-up was 20 years, but not in the EORTC-22961 trial,
where median follow-up was 6 years. It is plausible that the impact
of non-prostate cancer deaths with longer follow-up could explain
this difference, with other potential confounders including
heterogeneity in RT dose and field as well as duration of
neoadjuvant ADT between trials. Other limitations of this study
include the use of suboptimal RT dose by contemporary standards
(given the inclusion of only patients treated between 1992 and
2007) and lack of use of PSMA-PET, which is now the standard-of-
care for staging HRLPC.
At the very least, our results highlight the need to externally

validate biomarkers such as ArteraAI or Decipher-GC and
prospectively evaluate their use to guide management. Though
our results do not support the routine clinical use of ICECaP risk to
guide ADT decisions in HRLPC, they support further evaluation of
these in prospective trials and in retrospective analyses of
contemporary trials such as DART 01/05 [10]. Furthermore, these
easily-available parameters may have particular value to guide
decision-making on ADT duration in resource-limited settings.
In summary, use of ICECaP risk grouping for HRLPC did not

identify benefit from ltADT versus stADT in this IPD analysis of 3

Fig. 1 Forest plots showing the treatment comparison of long- vs.
short-term ADT on metastasis-free survival (A), time to metastasis
(B), prostate cancer-specific mortality (C) and overall survival (D) in
subgroups defined by ICECaP risk across all trials and for each trial
separately.
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trials, with heterogeneous treatment effects seen across trials for
the high-risk disease group. Clinical risk grouping merits further
evaluation in trials evaluating ADT duration in HRLPC.
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