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IMPORTANCE Despite evidence demonstrating an overall survival benefit with up-front
hormone therapy in addition to established synergy between hormone therapy and radiation,
the addition of metastasis-directed therapy (MDT) to hormone therapy for oligometastatic
prostate cancer, to date, has not been evaluated in a randomized clinical trial.

OBJECTIVE To determine in men with oligometastatic prostate cancer whether the addition of
MDT to intermittent hormone therapy improves oncologic outcomes and preserves time with
eugonadal testosterone compared with intermittent hormone therapy alone.

DESIGN, SETTING, PARTICIPANTS The External Beam Radiation to Eliminate Nominal
Metastatic Disease (EXTEND) trial is a phase 2, basket randomized clinical trial for multiple
solid tumors testing the addition of MDT to standard-of-care systemic therapy. Men aged 18
years or older with oligometastatic prostate cancer who had 5 or fewer metastases and were
treated with hormone therapy for 2 or more months were enrolled to the prostate
intermittent hormone therapy basket at multicenter tertiary cancer centers from September
2018 to November 2020. The cutoff date for the primary analysis was January 7, 2022.

INTERVENTIONS Patients were randomized 1:1 to MDT, consisting of definitive radiation
therapy to all sites of disease and intermittent hormone therapy (combined therapy arm;
n = 43) or to hormone therapy only (n = 44). A planned break in hormone therapy occurred 6
months after enrollment, after which hormone therapy was withheld until progression.

MAIN OUTCOMES AND MEASURES The primary end point was disease progression, defined as
death or radiographic, clinical, or biochemical progression. A key predefined secondary end
point was eugonadal progression-free survival (PFS), defined as the time from achieving a
eugonadal testosterone level (�150 ng/dL; to convert to nanomoles per liter, multiply by
0.0347) until progression. Exploratory measures included quality of life and systemic immune
evaluation using flow cytometry and T-cell receptor sequencing.

RESULTS The study included 87 men (median age, 67 years [IQR, 63-72 years]). Median
follow-up was 22.0 months (range, 11.6-39.2 months). Progression-free survival was
improved in the combined therapy arm (median not reached) compared with the hormone
therapy only arm (median, 15.8 months; 95% CI, 13.6-21.2 months) (hazard ratio, 0.25; 95%
CI, 0.12-0.55; P < .001). Eugonadal PFS was also improved with MDT (median not reached)
compared with the hormone therapy only (6.1 months; 95% CI, 3.7 months to not estimable)
(hazard ratio, 0.32; 95% CI, 0.11-0.91; P = .03). Flow cytometry and T-cell receptor
sequencing demonstrated increased markers of T-cell activation, proliferation, and clonal
expansion limited to the combined therapy arm.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, PFS and eugonadal PFS were
significantly improved with combination treatment compared with hormone treatment only
in men with oligometastatic prostate cancer. Combination of MDT with intermittent hormone
therapy may allow for excellent disease control while facilitating prolonged eugonadal
testosterone intervals.
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M ultiple randomized clinical trials have demon-
strated improved overall survival (OS) with imme-
diate up-front hormone therapy for nonmetastatic

prostate cancer1-3 and with up-front systemic therapy inten-
sification for metastatic disease.4,5 Current clinical guide-
lines recommend up-front hormone therapy for metastatic
prostate cancer regardless of disease volume.6,7 Metastasis-
directed therapy (MDT) alone for oligometastatic prostate can-
cer, in which all sites of metastatic disease receive definitive
local therapy, has shown promise for impeding metastatic
spread and deferring hormone therapy compared with obser-
vation in 2 phase 2 randomized clinical trials.8-10 There also
exists significant preclinical and clinical evidence of synergy
between hormone therapy and radiation therapy, the predomi-
nate form of MDT.11-14 However, despite this rationale and that
hormone therapy is often combined with MDT to treat oligo-
metastatic prostate cancer in clinical practice,6,15,16 combin-
ing these modalities, to our knowledge, has not been tested
in a randomized clinical trial.

With these considerations, we tested in a randomized clini-
cal trial whether the addition of MDT to hormone therapy would
improve progression-free survival (PFS) and prolong time from
testosterone recovery to disease progression (eugonadal PFS)
in men with oligometastatic prostate cancer. Given the rela-
tively indolent nature of oligometastatic prostate cancer and the
ability of MDT to defer systemic therapy,8,9,17 we used an inter-
mittent hormone therapy strategy.18-21 We reasoned that inter-
mittent hormone therapy would leverage the potential of hor-
mone therapy to enhance radiation benefit while limiting
medical castration. In addition, given the potential for im-
mune stimulation with radiation-based MDT, we investigated
whether MDT modulates peripheral T-cell immune subset dis-
tribution and receptor expression.

Methods
Trial Design and Conduct
The External Beam Radiation to Eliminate Nominal Meta-
static Disease (EXTEND) trial (NCT03599765) is a phase 2,
investigator-initiated, controlled, open-label, multicenter,
basket randomized clinical trial to test whether adding MDT
to standard-of-care systemic therapy improves PFS for
patients with a variety of solid tumor types (trial protocol in
Supplement 1).22 The primary end point was prespecified to be
independently assessed and reported for each basket. The
prostate intermittent hormone therapy basket met the
prespecified events number to trigger the primary analysis and
is reported. The analysis used an intention-to-treat approach.
This protocol was approved by the institutional review board
at each participating institution, and all patients provided
written informed consent. This study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline.

Patients and Interventions
In the overarching EXTEND trial, patients were enrolled from
September 2018 to November 2020 if they had oligometa-
static disease from 1 of 12 solid tumors, were aged 18 years or

older, had an Eastern Cooperative Oncology Group perfor-
mance status of 0 to 2, and had 5 or fewer sites of metastatic
disease amenable to MDT. Race and ethnicity categories in-
cluded Black, Hispanic, White, and other (consisting of Middle
Eastern and not otherwise specified) and were ascertained by
self-report. Race and ethnicity were included in the study be-
cause they include standard demographics that are of interest
to our institutions and granting agencies (Cancer Prevention &
Research Institute of Texas). Upon enrollment of a patient with
prostate cancer, the treating medical oncologist was queried
whether they planned intermittent or continuous hormone
therapy, which resulted in enrollment into either the intermit-
tent or continuous hormone therapy basket. Additional inclu-
sion criteria for the prostate intermittent hormone therapy bas-
ket were pathologically confirmed prostate cancer and hormone
therapy use 2 or more months prior to randomization. Men with
castrate-sensitive or castrate-resistant disease were eligible
with or without prior definitive treatment to the prostate. Hor-
mone therapy consisted of a luteinizing hormone-releasing
hormone agonist or antagonist with or without a second-
generation androgen receptor–targeting (SART) agent. In both
treatment groups, untreated primary prostates received defini-
tive radiation.23 A planned hormone therapy break occurred 6
months (±2 months) after enrollment, after which hormone
therapy was withheld until progression.

Baseline images were obtained by computed tomography
(CT) of the chest, abdomen, and pelvis with contrast and a bone
scan or, alternatively, with fluciclovine F 18 positron emission
tomography (PET)/CT. Baseline images were compared with pre–
hormone therapy images, which were available for all pa-
tients, and all metastatic lesions present before hormone therapy
and emerging during hormone therapy were identified and tar-
geted with MDT. Follow-up evaluation included repeated
prostate-specific antigen (PSA) measurements every 12 weeks
after randomization for the first 2 years and then every 18 weeks
thereafter. Imaging was repeated when PSA measurements in-
creased by 1.0 ng/mL or more (to convert to micrograms per li-
ter, multiply by 1.0) above the nadir or when any criteria for dis-
ease progression were met. Response Evaluation Criteria in Solid
Tumors, version 1.1 (RECIST 1.1)24 was assessed using central re-
view (the Quantitative Imaging Analysis Core at The Univer-
sity of Texas MD Anderson Cancer Center). Enrollment occurred

Key Points
Question Does the addition of metastasis-directed therapy to
intermittent hormone therapy improve progression-free survival
for men with oligometastatic prostate cancer?

Findings In this phase 2 randomized clinical trial enrolling 87 men
with oligometastatic prostate cancer, time to disease progression
was significantly improved in men randomized to combined
metastasis-directed therapy and intermittent hormone therapy
compared with men randomized to hormone therapy only.

Meaning In men with oligometastatic prostate cancer wishing to
prolong hormone therapy cessation, a strategy incorporating
metastasis-directed therapy and intermittent hormones may be
warranted.
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at The University of Texas MD Anderson Cancer Center (Texas
Medical Center and all Houston-area locations), Banner MD
Anderson Cancer Center, and The University of Texas Health
Science Center at San Antonio.

Randomization
Patients were randomly assigned 1:1 to receive MDT to all sites
of metastatic disease with hormone therapy or hormone therapy
only using a dynamic randomization method by Pocock and
Simon.25 Randomization was stratified by the number of meta-
static lesions (1-2 vs 3-5), the number of prior systemic thera-
pies (0-1 vs >1), use of a SART (yes vs no), and hormone therapy
duration before enrollment (<12 vs ≥12 weeks).

End Points
The primary end point was PFS, defined as the time from ran-
domization until radiographic (RECIST 1.1), clinical, or PSA (ie,
biochemical) progression, or death. Consistent with other phase
2 randomized clinical trials evaluating oligometastatic pros-
tate cancer,8,9 biochemical progression was defined as a PSA
level increase of 25% or more and 2 ng/mL or more above the
nadir. The primary end point was prespecified to be indepen-
dently assessed and reported for each basket, with the pri-
mary analysis at 41 events. Secondary end points were eugo-
nadal PFS time (ie, time from eugonadal testosterone level
≥150 ng/dL until disease progression [to convert to nanomoles
per liter, multiply by 0.0347]), OS, time to subsequent sys-
temic therapy, time to appearance of new lesions, time to local
treatment failure, safety, and quality of life. Common Termi-
nology Criteria for Adverse Events, version 4.026 was used, and
only grade 2 or greater adverse events were recorded. Longitu-
dinal quality of life surveys assessed for depression (Center for
Epidemiological Studies Depression Scale),27 health-related
quality of life (12-Item Short Form Health Survey),28 and symp-
tom burden (MD Anderson Symptom Inventory).29

Flow Cytometry and T-Cell Receptor Sequencing
Peripheral blood samples for analyses of immune cell subsets
and T-cell receptors (TCRs) were collected at baseline and first
follow-up.30 Details regarding flow cytometry processing are
provided in the eAppendix in Supplement 2, and antibodies are
listed in eTable 1 in Supplement 2. Gating strategies are shown
in eFigure 1 in Supplement 2. T-cell receptor–β complementarity-
determining region 3 regions were sequenced with an
immunoSEQ assay (Adaptive Biotechnologies).31

Statistical Analysis
The cutoff date for the primary analysis was January 7, 2022.
The study was designed to have 80% power to detect an im-
provement in median PFS from 18 to 36 months in the com-
bined therapy arm using a 1-sided log-rank test with a type I
error of 0.10. The Kaplan-Meier method was used to estimate
the survival function, and stratified log-rank tests were used
to compare arms. Cox proportional hazards regression was used
to estimate hazard ratios (HRs) between treatments adjusting
for baseline randomization stratification factors. All reported
P values are 2-sided, and significance was declared at P < .05.
A linear mixed model was used to assess the association of the

randomization arm with each quality of life questionnaire item.
The model allowed for the examination of repeated mea-
sures over time while considering missing observations.32 Dif-
ferences in clone abundance (to quantify the number of pro-
ductive expanded and contracted TCR clones between baseline
and 3 months) were calculated with a beta-binomial model with
a Benjamini-Hochberg correction to control false discovery
rates.33 Mann-Whitney U tests were used to compare metrics
between groups, Wilcoxon matched-pair signed rank tests were
used to evaluate changes over time, and Spearman rank cor-
relation was used to assess associations. For secondary, sub-
group, and exploratory analyses, multiplicity adjustments were
not made, and thus these results could not be used to infer ef-
fects. Analyses were conducted with Stata/MP, version 17.0
(StataCorp LLC) and SAS, version 9.4 (SAS Institute Inc).

Results
Patients
Between September 2018 and November 2020, 124 patients
were assessed for eligibility, of whom 37 were excluded. A total
of 87 men (median age, 67 years [IQR, 63-72 years]) were ran-
domly assigned to the combined therapy arm (n = 43) or hor-
mone therapy only arm (n = 44). In the combined therapy arm,
4 patients (9%) were Black; 4 (9%), Hispanic; 33 (77%), White;
and 2 (5%), other race and ethnicity. In the hormone therapy
only arm, 3 patients (7%) were Black; 2 (5%), Hispanic; and 39
(89%), White. All patients received the allocated treatment and
were included in the final analysis (Figure 1). Patient baseline
characteristics were balanced between arms (Table), including
stratification factors (eTable 2 in Supplement 2). All patients were
castration sensitive except for 7 (8%; 4 in the combined therapy
arm and 3 in the hormone therapy only arm). All patients had
disease stage M1a, M1b, or M1c except 6 patients with N1 dis-
ease stage (7%; 3 in the combined therapy arm and 3 in the hor-
mone therapy only arm). Most patients (63 [72%]) had re-
ceived prior definitive local therapy to the prostate (Table).

Staging was conducted using fluciclovine F 18 PET/CT in
10 patients (23%) in the combined therapy arm and 11 pa-
tients (25%) in the hormone therapy only arm. Thirty-six

Figure 1. CONSORT Diagram

124 Assessed for eligibility

43 Randomized to combined
therapy
43 Received allocated

intervention

44 Randomized to hormone
therapy only
44 Received allocated

intervention

43 Included in analysis 44 Included in analysis

37 Excluded
20 Declined to participate
12 Did not meet inclusion

criteria
5 Other reasons

87 Randomized
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patients (41%) received a SART, most commonly abiraterone
(28 [78%]). The MDT in the study was exclusively radiation
therapy. The median study follow-up time was 22.0 months
(range, 11.6-39.2 months).

Primary End Point
Thirteen progression events (30%) occurred in the combined
therapy arm and 28 (64%) in the hormone therapy only arm
(eTable 3 in Supplement 2). The median PFS time for all par-
ticipants was 22.4 months (95% CI, 17.7 months to not esti-
mable) and was significantly longer in the combined therapy
arm (not estimable) than in the hormone therapy only arm (15.8
months; 95% CI, 13.6-21.2 months) (HR, 0.25; 95% CI, 0.12-
0.55; P < .001) (Figure 2A).

The median duration of total hormone therapy adminis-
tration, including before and after randomization, was simi-
lar between arms (combined therapy: 11.2 months [range,
8.0-46.7 months]; hormone therapy only: 10.6 months [range,
7.3-31.6 months]). The swimmer plot in Figure 2C shows time-
tables for all trial participants in relation to hormone status.
Deviations from protocol (hormone therapy administration >8
months after randomization) were noted for 7 patients (16%)
in the hormone therapy only arm and 2 patients (5%) in the
combined therapy arm. At disease progression, all patients re-
sumed hormone therapy. Post hoc sensitivity analysis lim-
ited to the castration-sensitive patients (80 [92%]) confirmed
significant improvement in PFS with combined therapy (HR,
0.22; 95% CI, 0.10-0.51; P < .001) (eFigure 2 in Supple-
ment 2).

Secondary Efficacy End Points
and Exploratory Subgroup Analyses
Recovery to eugonadal testosterone levels (≥150 ng/dL) oc-
curred in 52 men. Eugonadal PFS was significantly longer for
men randomized to combined therapy (median not esti-
mable) vs hormone therapy only (median, 6.1 months; 95% CI,
3.7 months to not estimable) (HR, 0.32; 95% CI, 0.11-0.91;
P = .03) (Figure 2B). Time to new lesion failure was longer for

Table. Baseline Patient Characteristics

Characteristic

Participants, No. (%)a

Combined
therapy
(n = 43)

Hormone
therapy only
(n = 44)

Age, median (IQR) [range], y 67 (63-72)
[49-84]

67 (63-72)
[51-81]

Race and ethnicity

Black 4 (9) 3 (7)

Hispanic 4 (9) 2 (5)

White 33 (77) 39 (89)

Otherb 2 (5) 0

Enrollment site

MDACC

TMC campus 32 (74) 34 (77)

HAL campus 10 (23) 7 (16)

Network 1 (2) 3 (7)

Prior local treatment for prostate

None 12 (28) 12 (27)

Surgery 26 (60) 21 (48)

Radiation 5 (12) 8 (18)

Cryotherapy 0 3 (7)

Castration sensitivity status

Sensitive 39 (91) 41 (93)

Resistant 4 (9) 3 (7)

Disease stage at enrollmentc

N1, M0 3 (7) 3 (7)

N (any), M1a 11 (26) 11 (25)

N (any), M1b 28 (65) 29 (66)

N (any), M1c 1 (2) 1 (2)

Duration of hormone use before
randomization, mo

2-3 16 (37) 18 (41)

4-12 25 (58) 22 (50)

>12 2 (5) 4 (9)

Prior lines of systemic therapy, No.

0 31 (72) 31 (70)

1 10 (23) 12 (27)

2 2 (5) 1 (2)

PSA level at enrollment, ng/mL

≤0.2 23 (53) 27 (61)

>0.2 to <2.0 15 (35) 14 (32)

≥2.0 5 (12) 3 (7)

Metastatic lesions, No.

1 12 (28) 21 (48)

2 18 (42) 13 (30)

3 8 (19) 4 (9)

4-5 5 (12) 6 (14)

Baseline imaging modality

CT CAP and bone scan 33 (77) 33 (75)

Fluciclovine F 18 PET/CT 10 (23) 11 (25)

(continued)

Table. Baseline Patient Characteristics (continued)

Characteristic

Participants, No. (%)a

Combined
therapy
(n = 43)

Hormone
therapy only
(n = 44)

Second-generation androgen receptor
agent use

None 24 (56) 27 (61)

Abiraterone 15 (35) 13 (30)

Apalutamide 3 (7) 3 (7)

Enzalutamide 1 (2) 1 (2)

Abbreviations: CT CAP, computed tomography of the chest, abdomen, and
pelvis; HAL, all Houston-area locations; MDACC, The University of Texas MD
Anderson Cancer Center; PET, positron emission tomography;
PSA, prostate-specific antigen; TMC, Texas Medical Center.

SI conversion: To convert PSA level to micrograms per liter, multiply by 1.0.
a Percentages may not add to 100% because of rounding.
b Other includes Middle Eastern and not otherwise specified.
c According to American Joint Committee on Cancer criteria.
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patients randomized to combined therapy (2-year incidence,
0.33; 95% CI, 0.18-0.55) than for those receiving hormone
therapy only (2-year incidence, 0.41; 95% CI, 0.22-0.68) (HR,
0.33; 95% CI, 0.11-1.0; P = .04) (eFigure 3 in Supplement 2).
Overall survival data were immature, and time to subsequent
line of systemic therapy was similar between arms. Two cases
of local treatment failure (5%) occurred in the combined
therapy arm.

The HRs for combined therapy and improved PFS were
similar across subgroups (Figure 3). Notably, MDT pro-
longed PFS in patients who did (HR, 0.24; 95% CI, 0.08-
0.71) and did not (HR, 0.36; 95% CI, 0.15-0.83) receive a
SART.

Safety
Treatment-emergent adverse events, defined as grade 2 or
greater adverse events occurring after enrollment regardless of
attribution, are presented in eTable 4 in Supplement 2. There
were no grade 4 or 5 adverse events. Six grade 3 events were re-
ported: 3 in the combined therapy arm (in 3 patients) and 3 in
the hormone therapy only arm (in 2 patients). Sixteen grade 2
events were reported: 12 in the combined therapy arm (in 7 pa-
tients) and 4 in the hormone therapy only arm (in 1 patient).

Quality of Life
Baseline quality of life surveys were analyzed from 37 men
(43%; 22 in the combined therapy arm and 15 in the hormone

Figure 2. Primary and Key Secondary End Points
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therapy only arm). No differences were found in baseline demo-
graphic or disease characteristics between men who an-
swered the surveys and men who did not. Linear mixed-
effects modeling did not identify significant associations
between randomization arm and test scores (eTable 5 in Supple-
ment 2).

Flow Cytometry and TCR Sequencing
Flow cytometry data from 54 patients (62%) are presented in
Figure 4. No significant changes in marker expression among
CD4+ and CD8+ T cells were noted between baseline and first
follow-up for men in the hormone therapy only arm (eFig-
ure 4 in Supplement 2). For men in the combined therapy arm,
increases in the proportion of CD4+ and CD8+ T cells with high
and intermediate Ki-67 expression and programmed cell death
protein 1 expression, a checkpoint inhibitor expressed in T cells
that were active previously, were noted at follow-up (Figure 4A
and eFigure 5 in Supplement 2).

T-cell receptor sequencing of 4 598 988 T cells from 52 pa-
tients (60%) demonstrated 2 738 855 productive rearrange-
ments. Men randomized to combined therapy exhibited higher
numbers of expanded and contracted TCR clones at first
follow-up (Figure 4B) and a lower Morisita overlap index34 com-
pared with those randomized to hormone therapy only, sug-
gesting greater T-cell clonotype modifications in the com-
bined therapy arm. In the combined therapy arm, a positive
association was found at first follow-up between the number
of expanded T-cell clones with metrics indicative of a clonal
expansion, specifically, the sum of the top 10 clones and pro-
ductive clonality (eFigure 6 in Supplement 2). Moreover, pro-
ductive clonality was positively associated with CD8+ T cells

and negatively associated with CD4+ T cells, suggesting ex-
pansion predominantly within the CD8+ T-cell population.
These associations were not observed in the hormone therapy
only arm (eFigure 6 in Supplement 2).

Discussion
In this phase 2 randomized clinical trial, the addition of MDT
to intermittent hormone therapy improved PFS and the sec-
ondary end points of time to new lesion failure and eugo-
nadal PFS. As all men resumed hormone therapy at progres-
sion, MDT facilitated a longer time with eugonadal testosterone
as part of an intermittent hormone therapy strategy. Adverse
event frequencies were modest, with no difference in grade 3
or greater toxic effects or quality of life measures between arms;
however, additional follow-up will be required to evaluate long-
term toxic effects.

Two phase 2 randomized clinical trials8-10 have demon-
strated a benefit from MDT vs observation for men with oligo-
metastatic (≤3 metastases) disease recurrent after prior defini-
tive treatment of the prostate. The current study differed in
several important ways. First, neither the Surveillance or
Metastasis-Directed Therapy for Oligometastatic Prostate
Cancer Recurrence trial9,10 nor the Observation vs Stereotac-
tic Ablative Radiation for Oligometastatic Prostate Cancer
trial8,10 incorporated hormone therapy. Because hormone
therapy is the standard-of-care treatment for metastatic pros-
tate cancer (regardless of disease burden) and downregulates
androgen receptor transcriptional programs regulating DNA
repair,11 a rationale exists for combining hormone therapy with

Figure 3. Analysis of Progression-Free Survival According to Key Patient Subgroups
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radiation. Second, our study enrolled men with previously
untreated prostates, men receiving SART, men with castrate
resistance, and men with up to 5 sites of metastatic disease.
In other studies,8-10 there was a lack of prospective data re-
garding the influence of these factors on outcomes in pa-
tients with oligometastatic prostate cancer. Owing to mul-
tiple studies of prostate cancer and other diseases,17,35,36 there
has been a drive for use of MDT for prostate cancer based pri-
marily on the number of metastatic sites, as noted by expert
consensus opinions, surveys, and national guidelines.6,7,16,37,38

Our inclusion criteria were designed for generalizability to re-
flect the clinical setting in which patients present to clinics pre-
dominantly based on the number of metastases. Ultimately,
the findings from this study are consistent with those of prior
studies8-10 in highlighting the benefit of MDT in a more gen-
eralizable clinical population and in combination with hor-
mone therapy.

Our study was also the first, to our knowledge, to test in-
termittent hormone therapy for patients with oligometa-
static disease. Although phase 3 randomized clinical trials such
as the PR.7 trial39 have established intermittent hormone
therapy for patients with biochemically recurrent prostate
cancer, its routine use in metastatic disease has been
controversial.21 The Southwest Oncology Group (SWOG) 9346
trial40 represents the largest randomized clinical trial to date
to investigate intermittent hormone therapy for metastatic
prostate cancer and could not demonstrate noninferiority. As
a result, many practitioners are reluctant to offer intermit-
tent hormone therapy to patients with metastatic disease.19,40

Our study used a similar duration of induction hormone
therapy as the SWOG 934640 and PR.739 trials but used a more

conservative PSA threshold of a 25% increase and a 2.0 ng/mL
increase above the nadir to resume hormone therapy to miti-
gate the risk of symptomatic progression and emergence of cas-
tration resistance. In conjunction with evidence that intermit-
tent hormone therapy can improve mental health, preserve
erectile function, and reduce the incidence of medical comor-
bidities compared with continuous hormone therapy,21,39 our
results demonstrated that intermittent hormone therapy com-
bined with MDT allows for excellent disease control while fur-
ther minimizing hormone therapy exposure.

The mechanism by which MDT prolongs PFS is not com-
pletely understood.41 Although the most substantial contri-
bution is likely from tumor debulking,42 a secondary mecha-
nism may be immune stimulation.43 Although studies43

irradiating a single site of disease to induce abscopal re-
sponses in other macroscopic sites have not yielded clear ef-
ficacy signals, whether radiation to all sites of macroscopic dis-
ease induces a clinically significant immune response is
unknown. In concordance with recent literature,8,44,45 our data
suggest that MDT using radiation stimulates a clonal periph-
eral T-cell response characterized by increased T-cell prolif-
eration in addition to expansion and remodeling of the pe-
ripheral TCR repertoire within the CD8+ population. As recent
analyses have shown that peripheral TCR alterations reflect in-
tratumoral changes,46 our exploratory analysis supported the
hypothesis that radiation produces immunologic stimulation
that contributes to systemic disease control.41

Limitations
This study has several limitations. First, this study was con-
ducted before prostate-specific membrane antigen (PSMA) PET

Figure 4. Immune Cell Subsets and T-Cell Receptor (TCR) Sequencing
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imaging was routinely available. Given data supporting en-
hanced lesion detection with PSMA over fluciclovine F 18
PET,8,47 we suspect that the observed PFS improvement with
MDT would be further enhanced with use of PSMA PET.
Second, as this study was conducted during the COVID-19 pan-
demic, temporary closure of laboratories and reduced willing-
ness of trial participants to attend in-person follow-up visits
reduced blood sample and survey recovery. This was more pro-
nounced in patients randomized to hormone therapy only, re-
sulting in an imbalanced correlative collection between arms.
Third, this study was conducted in an era of shifting frontline
hormone therapies, which resulted in a near-even split be-
tween patients who received a SART and those who did not.
Of note, the benefit associated with MDT was observed in both
subgroups. Finally, our study was heterogeneous and in-
cluded a limited number of patients with disease stage N1 (6
[7%]) and patients with castrate-resistant disease (7 [8%]). We
believe that the study heterogeneity is reflective of current
clinical treatment paradigms for oligometastatic prostate
cancer treatment. We acknowledge that fundamental biologi-
cal differences may exist between subgroups, specifically pa-
tients with de novo oligometastatic disease at initial diagno-
sis and those with recurrence following treatment for initially
localized disease. Further analyses are warranted to evaluate
such differences. Nonetheless, despite the modest sample size

and study heterogeneity, randomization balanced patient
characteristics between arms and the significant improve-
ment in PFS associated with the combined therapy arm did not
deviate substantially among subgroups. Additional infer-
ences will be made upon the completion of the continuous hor-
mone therapy basket, at which time a prespecified joint analy-
sis with the intermittent hormone therapy basket will occur.

Conclusions
In this phase 2 randomized clinical trial, PFS was signifi-
cantly improved with use of combination MDT and hormone
therapy vs hormone therapy only for oligometastatic pros-
tate cancer. The results support the safety and effectiveness
of adding MDT to intermittent hormone therapy to prolong hor-
mone therapy cessation of hormone therapy in men with oligo-
metastatic prostate cancer. This therapeutic strategy lever-
aged the noninvasiveness of radiation and ability of hormone
therapy to enhance radiation benefit while limiting the dura-
tion of medical castration. Additional studies in a more ho-
mogeneous patient population will be necessary to identify pre-
dictive biomarkers, optimize systemic therapy regimens and
imaging, and identify candidate immunotherapies to exploit
the favorable immunologic stimulation with MDT.
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