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Abstract

Background: The Timing Of Androgen Deprivation (TOAD) trial found an overall survival benefit for immediate vs delayed
androgen deprivation therapy (ADT) for prostate-specific antigen (PSA)–relapsed or noncurable prostate cancer. However,
broad eligibility criteria allowed entry of a heterogeneous participant group, including those with prior ADT exposure, raising
concerns about subsequent androgen sensitivity. For these reasons, we completed previously specified subgroup analyses to
assess if prior ADT was associated with ADT timing efficacy after PSA relapse. Methods: We examined TOAD trial patient-
level data for participants with PSA relapse after local therapy. We performed Kaplan-Meier analyses for overall survival
stratified by prior ADT and randomized treatment arm (immediate or delayed ADT). We compared group characteristics using
Mann-Whitney U and Fisher exact tests. All hypothesis tests were 2-sided. Results: We identified 261 patients with PSA
relapse, 125 of whom received prior ADT. Patients with prior ADT had higher PSA at presentation (12.1 vs 9.0 ng/mL; P< .001),
more cT3 disease (38.4% vs 25.0%; P¼ .007), and more likely received radiotherapy as local treatment (80.0% vs 47.8%; P< .001)
but were otherwise similar to patients without prior ADT exposure. Within this prior ADT group, those who received
immediate ADT (n¼56) had improved overall survival compared with those who received delayed ADT (n¼69; P¼ .02). This
benefit was not observed in the group with no prior ADT (P¼ .98). Conclusions: The survival benefit demonstrated in the
TOAD trial may be driven by patients who received ADT prior to trial entry. We provide possible explanations for this finding
with implications for treatment of PSA-relapsed prostate cancer and future study planning.

Androgen deprivation therapy (ADT) is a mainstay of treatment
for men with prostate-specific antigen (PSA) relapse after cura-
tive therapy (1,2). However, when to start ADT after PSA relapse
remains unclear. For example, the 2021 National
Comprehensive Cancer Network Prostate Cancer guidelines
state: “Earlier ADT may be better than delayed ADT. . . . Since
the benefit of early ADT is not clear, treatment should be indi-
vidualized until definitive studies are done” (1).

The Timing Of Androgen Deprivation trial (ie, TOAD) was a
randomized clinical trial seeking to address this issue by com-
paring the effect of immediate vs delayed ADT on overall

survival, primarily among men with PSA relapse (3). The TOAD
trial found an overall survival benefit associated with immedi-
ate ADT. Among other criticisms, a remaining limitation is the
possibility of differential benefit within patient subgroups (4,5).
This was addressed, in part, by stratified randomization accord-
ing to initial treatment (surgery vs radiotherapy), time to re-
lapse, and PSA doubling time. Another important biological
consideration rests on prior ADT receipt and subsequent ADT
response (ie, potentiation) (6). In other words, whether prior
ADT exposure was associated with differential survival effects
remains unclear, though relevant to ADT timing and castration
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resistance. In fact, nearly half of study participants with PSA re-
lapse received prior ADT and, because of randomization, were
balanced across the early and delayed ADT arms creating an op-
portunity to examine the underlying hypothesis that prior ADT
may alter subsequent biological response in favor of immediate
use. Although prior receipt of ADT was prespecified for subanal-
ysis as a prognostic factor in the TOAD trial protocol, to date
these results have not been reported (7).

To better understand this issue and inform definitive studies
of timing of ADT for PSA relapse, we completed a prespecified
subanalysis of the TOAD trial data. We explored how survival
outcomes varied according to prior ADT exposure across imme-
diate and delayed groups and suggest biological and behavioral
hypotheses and potential implications for the timing and use of
ADT among men with PSA relapse.

Methods

Description of the TOAD Trial

The TOAD trial recruited 293 men between September 2004 and
July 2012. Eligible patients were post local therapy with PSA re-
lapse (n¼ 261) or had disease unsuitable for local treatment
(n¼ 32). Patients were randomly assigned to immediate ADT or
delayed ADT with a recommended interval of 2 years prior to
ADT initiation. PSA relapse was defined per guidelines depend-
ing on prior treatment—radiotherapy, surgery, and/or ADT in
any combination. Patients who received prior ADT were eligible
for inclusion if it was delivered more than 1 year prior to study
entry and the duration of prior ADT was less than 1 year. Of
note, this means high-risk patients receiving currently recom-
mended 18-24 months of periradiation ADT are either not
reflected in the trial or received less than currently recom-
mended ADT dosing during their local treatment.
Randomization was stratified on prior treatment (surgery vs ra-
diotherapy), time to relapse (less than vs greater than 2 years),
and PSA doubling time (less than vs greater than 10 months) but
not on prior ADT exposure. However, prior ADT exposure was
prespecified as a prognostic factor of interest for further inspec-
tion of possible interactions with the effect of the timing of ADT
delivery on survival (7).

Overall survival for the study population was 91% in the im-
mediate ADT group compared with 86% in the delayed ADT
group (P¼ .05). Importantly, the study did not show a statisti-
cally significant survival benefit for immediate ADT among the
PSA-relapse group (P¼ .10). This latter group represented most
study participants and was the focus of our investigation.

Statistical Methods

We analyzed individual patient data from the TOAD trial (3). We
limited our analyses to the PSA-relapse cohort, excluding those
without prior local treatment. We compared prior ADT and no
prior ADT groups with respect to demographics, including
Gleason score and tumor, node, and metastasis scores at diag-
nosis; PSA doubling time; PSA at time of diagnosis and trial en-
try; and time to ADT using Fisher exact test for categorical
variables and Mann-Whitney U test for continuous variables.
We performed Kaplan-Meier analyses for overall survival strati-
fied by prior ADT and randomized treatment arm (immediate or
delayed ADT). We estimated prostate cancer–specific mortality
with other-cause mortality as a competing risk using the cumu-
lative incidence function. We then estimated prostate cancer–

specific survival using a competing risks regression with other-
cause mortality as a competing risk and treatment arm, prior
ADT, and age at randomization as covariates with a treatment
arm * prior ADT interaction term.

We tested for heterogeneity of treatment effects to assess
for subgroup benefit through a Cox proportional hazards model,
adjusting for age and planned ADT schedule as described in the
TOAD trial analysis (see Table 2) and assessing the interaction
term between prior ADT and randomized group (ie, immediate
vs delayed ADT) (8). Although this interaction term was not sta-
tistically significant (P¼ .09), we continued our exploratory anal-
ysis of this subgroup given the large effect estimate (hazard
ratio [HR] ¼ 0.29), causal rationale for heterogeneity, and the
prespecified nature of the prior ADT subgroup analysis. Finally,
we conducted sensitivity analyses according to initial treatment
(surgery, radiation) to inform our biological hypotheses.

All analyses were conducted using R version 4.0.3 (R Core
Team, Vienna, Austria). Statistical significance was considered
at alpha equal to 0.05; all hypothesis tests were 2-sided. This
study was approved by the VA Ann Arbor Healthcare System
and University of Michigan institutional review boards.

Results

As shown in Table 1, participants who received prior ADT had a
higher proportion of radiotherapy as definitive treatment (80.0%
vs 47.8%; P< .001) and had more aggressive prostate cancer fea-
tures at time of local treatment than the no prior ADT group, in-
cluding higher PSA levels at diagnosis (median 12.1 vs 9.0 ng/
mL; P< .001) and higher percentage of T3 disease (38.4% vs
25.0%; P¼ .007). However, characteristics at time of trial entry
were similar between groups including PSA (P¼ .13), distribution
of Gleason scores (P¼ .09), PSA doubling time (P¼ .30), and me-
dian follow-up of approximately 5 years (P¼ .08).

There were 40 deaths from any cause and 18 deaths from
prostate cancer (PCa) in the study period. These included 6 PCa
and 4 other-cause deaths in the no prior ADT-delayed ADT
group, 5 PCa and 5 other-cause deaths in the no prior ADT-
immediate ADT group, 6 PCa and 10 other-cause deaths in the
prior ADT-delayed ADT group, and 1 PCa and 3 other-cause
deaths in the prior ADT-immediate ADT group.

Among participants who received prior ADT, the group ran-
domized to immediate ADT at time of relapse had better overall
survival compared with the delayed ADT group (P¼ .02; Figure 1,
A). In contrast, in patients without prior ADT, overall survival
for immediate vs delayed ADT was similar (P¼ .98; Figure 1, B).
Prostate cancer–specific survival appeared longer for immediate
compared with delayed ADT in patients with prior ADT but was
not statistically significant (P¼ .11; Figure 2, A) and was indistin-
guishable in those without prior ADT (P¼ .73; Figure 2, B).

On multivariable analysis (Table 2), we found a large but
non-statistically significant interaction between the timing of
ADT (immediate vs delayed) and receipt of prior ADT (adjusted
hazard ratio [HR] ¼ 0.29, 95% confidence interval [CI] ¼ 0.07 to
1.2; P¼ .09). This suggests patients who received prior ADT then
immediate ADT at time of relapse may have a lower hazard of
death. On competing risk analysis, there was similarly a large
but non-statistically significant interaction between timing of
ADT and receipt of prior ADT with prostate cancer–specific mor-
tality (HR ¼ 0.26, 95% CI ¼ 0.02 to 2.98; P¼ .28).

In sensitivity analyses to examine the impact of local defini-
tive therapy on immediate vs delayed ADT, we limited our co-
hort to patients treated definitively with radiotherapy (n¼ 165).

2 of 7 | JNCI Cancer Spectrum, 2022, Vol. 6, No. 3



In this subset, there were 2 PCa and 2 other-cause deaths in the
no prior ADT-delayed ADT group, 4 PCa and 3 other-cause
deaths in the no prior ADT-immediate ADT group, 6 PCa and 9
other-cause deaths in the prior ADT-delayed ADT group, and 1
PCa and 3 other-cause deaths in the prior ADT-immediate ADT
group. This suggested benefit for immediate vs delayed ADT
only in the prior ADT group as in the overall analysis but was
not statistically significant (P¼ .10). In patients treated with sur-
gery or surgery and radiotherapy, we did not see a survival ben-
efit for immediate ADT (P¼ .42). However, within this subgroup,
only 26% of participants received prior ADT limiting our power
to detect differences.

Discussion

In this post hoc analysis of the original TOAD trial data, we
found immediate ADT was associated with survival benefits
only among patients previously exposed to ADT. In other words,
we found an interaction between the timing of subsequent ADT
(immediate vs delayed) and receipt of prior ADT adding novel

insights into the timing and use of ADT for men with PSA re-
lapse after definitive treatment. For men with prior ADT expo-
sure and PSA relapse, we found earlier ADT may be better when
it comes to survival outcomes. Conversely, for men with no
prior ADT exposure, we did not find any differences as to the
timing of ADT, potentially creating opportunities to delay ADT
and its harmful side effects until clinical indicators might war-
rant treatment (eg, PSA doubling time). Through our sensitivity
analyses, we were unable to identify obvious confounding fac-
tors to explain these important differences, aside from paradox-
ically more aggressive tumor features at the time of local
treatment in the subgroup with the best survival. Although limi-
tations to our post hoc analyses exist, we believe the magnitude
of our effect sizes surrounding immediate ADT use according to
prior ADT exposure is hypothesis generating with respect to bi-
ological and behavioral mechanisms warranting further study.

First, there may be a biological causal pathway for the ob-
served survival difference. Castration with ADT is known to
change both prostate cancer cells and the tumor microenviron-
ment, ultimately leading to progression and castration resis-
tance (9-12). It is possible that similar changes could also
“prime” cancer cells and androgen receptors to preferentially
benefit from immediate ADT at the time of recurrence through
potentiation. These evoked differential expressions of androgen
receptors and other prostate cell components are used to sup-
port studies of new androgen-directed and immune therapy for
prostate cancer (13,14). The initial receipt of ADT at time of local
therapy may have caused such changes to tumor cells or the
surrounding microenvironment, resulting in a recurrent disease
phenotype that preferentially responded to immediate ADT. It
is also possible that the initial receipt of ADT selected for a spe-
cific population of cells that preferentially responded to imme-
diate ADT at recurrence. This is similar to previously described
mechanisms of preexisting drug-resistant or prostate cancer

Table 2. Cox proportional hazards model for overall survival within
PSA-relapse group

Covariate Hazard ratio (95% CI) Pa

Immediate treatment 1.00 (0.41 to 2.40) .99
Prior ADT 2.00 (0.90 to 4.44) .09
Immediate treatment * prior ADT 0.29 (0.07 to 1.2) .09
Age at randomization 0.99 (0.95 to 1.04) .68
Planned intermittent ADT 0.86 (0.45 to 1.65) .66

aHypothesis tests computed via 2-sided Wald test. ADT ¼ androgen deprivation

therapy; PSA ¼ prostate-specific antigen.

Table 1. Characteristics of PSA-relapsed TOAD cohort, stratified by receipt of prior ADT

Variable No prior ADT (n¼ 136) Prior ADT (n¼125) Pa

Age at randomization, median (IQR), y 70.5 (64.8-75.1) 72.1 (66.3-77.3) .08
Immediate ADT, No. (%) 68 (50.0) 56 (44.8) .47
T stage, No. (%) .007

T1 35 (25.7) 18 (14.4)
T2 63 (46.3) 58 (46.4)
T3 34 (25.0) 48 (38.4)
T4 0 (0) 1 (0.8)
Tx 4 (2.9) 0 (0)

Follow-up median (IQR), mo 5.0 (3.5-6.3) 4.6 (3.0-6.1) .08
PSA at time of trial entry, median (IQR) 2.8 (0.6-4.5) 3.2 (1.1-4.9) .13
PSA at presentation, median (IQR) 9.0 (6.6-12.7) 12.1 (7.5-19.7) <.001
PSA doubling time; median (IQR), mo 11.1 (6.1-18.0) 10.6 (6.3-14.2) .30
Gleason score, No. (%) .09
<6 13 (9.7) 5 (4.0)
6 28 (20.9) 19 (15.2)
7 69 (51.5) 67 (53.6)
8 9 (6.7) 18 (14.4)
9 15 (11.2) 16 (12.8)

Definitive treatment, No. (%) <.001
Radiotherapy 65 (47.8) 100 (80.0)
Surgery 11 (8.0) 1 (0.8)
Surgery þ radiotherapy 60 (44.1) 24 (19.2)

aHypothesis tests for continuous variables (age, follow-up, PSA at time of trial entry and presentation, PSA doubling time) computed with 2-sided Kruskal-Wallis test.

Hypothesis tests for categorical variables (immediate ADT, T stage, Gleason score, definitive treatment type) computed with 2-sided Fisher exact test. ADT ¼ androgen

deprivation therapy IQR ¼ interquartile range; PSA ¼ prostate-specific antigen; TOAD ¼ Timing Of Androgen Deprivation.
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stem–like cells described in analyses of progression to castra-
tion resistance (6,15). In both of these proposed mechanisms,
improved survival in the immediate ADT group was potentiated
by prior receipt of ADT, but the cause of the timing effects
remains unclear. It is possible that the sensitization by prior
ADT results in a brief window of enhanced sensitivity when

local cells or undetected micrometastases must be treated with
ADT prior to progression out of the window of androgen sensi-
tivity. These hypotheses are speculative and must be assessed
in future studies.

Conversely, biological changes caused by ADT may induce
harmful mutations leading to aggressive cell transformation

Figure 1. Overall survival for immediate vs delayed ADT, stratified by receipt of prior ADT. A) Overall survival for immediate vs delayed ADT at time of recurrence for

patients with prior ADT. B) Overall survival for immediate vs delayed ADT at time of recurrence for patients with no prior ADT. ADT ¼ androgen deprivation therapy.
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and progression. Such changes have been suggested as mech-
anisms for drug resistance and avoidance of senescence (16).
Similarly, modeling studies suggest cancer therapies such as
radiation can possibly induce cancer development and pro-
gression (17). It is possible that exposure to ADT at the time
of local treatment provokes development of cells that are
more volatile, leading to enhanced response to immediate
ADT, but also more aggressive and lethal if left untreated (ie,
delayed ADT). This hypothesis is supported by the group with

prior ADT randomized to delayed ADT showing the worst
overall survival of any group. This hypothesis would also help
explain the similar 5-year survival from prior cohorts with
low rates of ADT at time of recurrence, such as Freedland
et al. (18) wherein only 14% of postprostatectomy patients
with biochemical recurrence received hormonal therapy prior
to developing metastatic disease, yet 5-year survival was 93%.
However, this hypothesis requires further study to assess its
biological plausibility.

Figure 2. Prostate cancer–specific mortality for immediate vs delayed ADT, stratified by receipt of prior ADT. A) Prostate cancer–specific mortality for immediate vs

delayed ADT at time of recurrence for patients with prior ADT. B) Prostate cancer–specific mortality for immediate vs delayed ADT at time of recurrence for patients

with no prior ADT. ADT ¼ androgen deprivation therapy.
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In addition to biological hypotheses, the apparent survival
difference may be explained by behavioral mechanisms. As
there was variability allowed in the trial by permitting clinical
decision making, it is possible that observed patient parameters
during the trial may have led to different clinician behavior. For
example, patients with prior ADT may have responded differ-
ently to immediate ADT than other patients, triggering different
treatment patterns such as earlier initiation of secondary thera-
pies such as docetaxel. Even without different disease parame-
ters, it is also possible that clinicians treat patients differently
in the setting of prior ADT. For example, a clinician may have a
lower threshold for declaring ADT a failure if a patient has pre-
viously received it, perhaps believing the disease is closer to
castration resistance (6). Trial participants in the prior ADT
group may thus have received further lines of therapy (eg, doce-
taxel) earlier than other groups, resulting in superior survival.
Unfortunately, there are limited data available from the TOAD
trial on secondary treatment regimens beyond ADT receipt, so
we cannot assess this hypothesis using existing trial data.

We also considered prior ADT receipt as an indicator of
higher risk disease (ie, reflective of selection bias instead of a
causal effect on response to immediate vs delayed ADT). We ob-
served more patients with T3-T4 disease and higher PSA at time
of diagnosis in the prior ADT group. However, other indicators
of disease aggressiveness including Gleason score and PSA at
time of trial eligibility were similar between groups.
Additionally, more aggressive disease alone would not explain
the excellent survival in the prior ADT group randomized to im-
mediate ADT at time of relapse or why this benefit was not seen
in the no prior ADT group. Similarly, we thought prior ADT
might suggest to clinicians that subsequent ADT could be safely
delayed while still adhering to the TOAD protocol. However,
time to receipt of ADT in the delayed arm was similar in the
prior ADT and no prior ADT groups, suggesting this treatment
selection was not significant. We also addressed the fact that
prior ADT could simply be an indicator of definitive combina-
tion treatment with radiotherapy and found similar results
when limiting our analyses only to patients who had undergone
radiation therapy. Even if the observed survival benefit is be-
cause of more aggressive disease, our findings could still be ap-
plied to better select patients who would benefit from
immediate vs delayed ADT and allow for sparing harms to a
substantial number of patients by avoiding ADT in lower risk
groups.

Our primary takeaway is that immediate ADT may be the
preferred strategy for patients with PSA-relapsed prostate can-
cer after local treatment, if they received prior ADT. If our
results are supported by further evidence, there are major
implications for prostate cancer research and practice.

First, the timing of ADT for recurrent prostate cancer could
be modified according to prior receipt of ADT. If a prostate can-
cer patient has not received ADT prior to recurrence, it may be
safe to delay ADT. This stratified approach would allow for im-
proved quality of life in many prostate cancer patients who
would never require ADT, such as the 41% of men in the TOAD
trial delayed treatment arm who never received ADT. In this
way, timing of ADT after biochemical recurrence may be consid-
ered analogous to intermittent vs continuous ADT, in that some
patients (ie, those without prior ADT) may have equivalent out-
comes with delayed ADT compared with immediate ADT (19).

Next, our findings may provide an underlying mechanism
for the similar efficacy between intermittent and continuous
ADT for advanced prostate cancer treatment. Characteristics
predicting benefit from continuous ADT may be similar to

characteristics predicting benefit from immediate ADT.
Improved targeting of both strategies would allow for avoidance
of ADT when there is little to no clinical benefit (ie, allowing for
intermittent and/or delayed ADT). Taken one step further, bipo-
lar androgen therapy whereby testosterone is cycled between
high and low levels to promote resensitization of castration-
resistant cells has shown promising early results representing a
paradigm shift in the advanced prostate cancer landscape, in-
cluding a recent trial where bipolar androgen therapy had simi-
lar efficacy to enzalutamide in patients with metastatic
prostate cancer progressing on abiraterone (20-22). It is also pos-
sible genomic classifiers could aid in identifying patients who
may be harmed by ADT and could allow for targeted avoidance
of ADT (23).

These implications must be further studied prior to incorpo-
ration into treatment plans. Most importantly, future studies
and particularly clinical trials need to closely examine the role
of prior ADT in patients with recurrent prostate cancer.
Whether this characteristic is considered within trial eligibility
criteria or for stratification, it should be further studied and ad-
justed for in analyses. It is also possible there is a biologic differ-
ence in recurrent disease conditional on prior receipt of ADT;
understanding these differences from a translational science
standpoint may allow for the development of new precision
diagnostics and androgen cycling to tailor treatment strategies
for recurrent disease (21).

Our study findings raise important clinical and scientific
questions but must be considered in the context of several limi-
tations. First, we analyzed trial data post hoc, with potential for
confounding inherent in retrospective analyses. However, the
large observed effect size in our study warrants explanation.
Second, analyses are limited to data collected for the TOAD trial.
Some data informing our hypotheses, such as receipt of second-
ary treatments like docetaxel, abiraterone, or enzalutamide,
were unavailable and should be explored in future studies.
Finally, our study inherits the limitations of the original TOAD
trial, including lower than anticipated enrollment, which poten-
tially introduces bias. Still, an explanation for the large observed
effect is needed and, even if due to selection bias, would be an
important finding to guide ADT use and future study directions.

The TOAD study addressed a critical question for recurrent
prostate cancer and found a survival benefit for immediate ADT
compared with delayed ADT. We found this benefit was driven
primarily by patients who had received prior ADT. Although fur-
ther research is needed to confirm these results, our findings
have important mechanistic, clinical, and research
implications.
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