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PURPOSBose-escalated radiotherapy (RT) with androgen-deprivation therapy (ADT) is a standarditiee

O treatment of localized prostate cancer (LPCa). The optimal sequencing of these therapies is unclear. Our phase
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11l trial compared neoadjuvant versus concurrent initiation of ADT in combination with dose-escalated prostate
RT (PRT).

PATIENTS AND METH®atients with newly diagnosed LPCa with Gleason sc#ré, clinical stage T1b to T3a,

and prostate-specic antigen, 30 ng/mL were randomly allocated to neoadjuvant and concurrent ADT for
6 months starting 4 months before RT (neoadjuvant group) or concurrent and adjuvant ADT for 6 months
starting simultaneously with RT (concurrent group). The primary end point was biochemical relapse-free survival
(bRFS). Stratied log-rank test was used to compare bRFS and overall survival (OS). Incidence of gfa8date
RT-related toxicities was compared by log-rank test.

RESULTOverall, 432 patients were randomly assigned to the neoadjuvant (n = 215) or concurrent group (n =
217). At 10 years, bRFS rates for the two groups were 80.5% and 87.4%, respectively. Ten-year OS rates were
76.4% and 73.7%, respectively. There was no sigrmant difference in bRFSP =.10) or OS f =.70) between

the two groups. Relative to the neoadjuvant group, the hazard ratio for the concurrent group was 0.66 (95% ClI,
0.41 to 1.07) for bRFS and 0.94 (95% CI, 0.68 to 1.30) for OS. No signant difference was observed in the
3-year incidence of late RT-related grad® 3 Gl (2.5% Vv 3.9%) or genitourinary toxicity (2.9% 2.9%).

CONCLUSIONour study, there was no statistically sigmant difference in bRFS between the two treatment
groups. Similarly, no difference was seen in OS or late RT-related toxicities. On the basis of these results, both
neoadjuvant and concurrent initiations of short-term ADT with dose-escalated PRT are reasonable standards of
care for LPCa.

J Clin Oncol 38. © 2019 by American Society of Clinical Oncology

INTRODUCTION biologic interactions of ADT and conventional-dose RT

External-beam radiotherapy (RT) is an establishedV0IVing several ipterche§'14 However, because of
modality for denitive management of localized the heterogeneity in patient population and difference
prostate cancer (LPCa). Despite promising results I the timing, duration, and regimen of ADT, these

with dose-escalated RT, a substantial proportion optudies did not allow for a comparative evaluation of

patients develop recurrence with prolonged follow-S€duéncing of ADT and RT.

up.>® This remains a major reason for addition ofResults from preclinical studies tend to favor neo-
androgen-deprivation therapy (ADT) to RT. Howeveradjuvant initiation of ADT. In an athymic mouse model,
the majority of the evidence favoring the addition ofZzietman et at®* showed neoadjuvant orchiectomy led
ADT to RT is from trials using conventional-dose RTo a signi cant reduction in the RT dose required to
(66-70 Gy)*° ADT was tested before RT (neoadjuvantcontrol 50% of the androgen-dependent Shionogi
ADT or neoadjuvant hormone therapy [NAHT]) or asadenocarcinoma compared with adjuvant orchi-
concurrent or adjuvant therapy in these trials. Overallectomy. Similar results were obtained by Granfors
regardless of sequencing, addition of ADT has beeret al'®; they showed that castration before RT fore-
shown to provide superior biochemical control andstalled tumor growth more etiently than adjuvant
cancer-speci ¢ and overall survival (OS) comparedcastration. Finally, another study by Kaminski et'al
with RT alone in men with LPCa or locally advancedeproduced similar results favoring NAHT. In contrast,
PCa®®1%1! The superior results obtained with thiscontemporary studies have raised the possibility
combination have been attributed to the codependentof RT-mediated upregulation of androgen receptor
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expression and neoangiogenesis in PCa, which portend aassignment. In one group, patients received 4 months of
increased risk of relapse after RT. On these grounds, use dfAHT followed by RT in conjunction with the last 2 months
concomitant and adjuvant ADT (AHT) may offer theoretiof ADT (arm A). In the other group, patients received RT
advantages'®'® A retrospective study comparing neo-concomitantly with the rst 2 months of ADT followed by
adjuvant and adjuvant ADT showed no difference ir4d months of AHT (arm B; Appendiig Al, online only).
10-year survival, although caution is required in interpre-ADT comprised of an oral antiandrogen (bicalutamide
tation because of several confounding factof$. 50 mg once daily) plus goserelin (10.8 mg subcutaneously

In summary, there remains clinical equipoise in the preferredStart?n,g 7 days after bicalutamide with a SeCO”f’ .injection
sequencing of ADT and RT in LPCa because of a lack oqndmlmstered 3 months thereafter). While receiving ADT,

robust prospective clinical data. Our study aimed to compard®@liénts had monthly laboratory investigations, including

two strategies of sequencing of short-term ADT and dose®BC. LFTs, PSA, and total testosterone.

escalated prostate RT (PRT) with respect to oncologic outAll patients received a total RT dose of 76 Gy in 38 fractions
comes, toxicity, and health-related quality of life (HRQOL)over 7.5 weeks. This was delivered in 2 phases using an
image-guided 3-dimensional conformal technique. In the
PATIENTS AND METHODS rst phase, 56 Gy was delivered to the prostate and
proximal 10 mm of seminal vesicles in 28 fractions over 5.5
weeks. An additional boost of 20 Gy in 10 fractions was
This was an open-label, parallel, two-arm phase Ill rangypsequently delivered to the prostate alone over 2 weeks.

domized controlled study approved by the research ethicszqgitional details of RT are described in the Appendix
committees of the two participating institutions. Writtenopline only).

informed consent was obtained from all patients before
enrollment. Follow-Up
Eligible patients were men age 18 years with Eastern Patients were observed according to a prescribed schedule

Cooperative Oncology Group performance status2 and after treatment completion: Cli.nical assessment, including
histologically conrmed diagnosis of adenocarcinoma of DRE and laboratory investigations, were repeated 1 month
the prostate, with Gleason scoré 7, clinical tumor stage 2fter completion of ADT, every 4 months for thest 2 years,

(Tstage) of T1b to T3a, and serum prostate-speciantigen every 6 months for the next 3 years, and annually there-
(PSA), 30 ng/mL# 4 weeks before enrollment. Initial after. Patients were restaged radiologically upon bio-
evaluation of patients consisted of history and physicaq;hemical progression or clinical suspicion of progression.

examination, including digital rectal examination (DRE) and! ©XiCity assessments were performed weekly during RT,
laboratory investigations: complete blood count (CBC)MOnthly during ADT, 1 month after RT, and at each follow-
PSA, total testosterone, liver function tests (LFTs), anHP Visit. ADT-related toxicity was scored using the Common
serum creatinine. Patients with baseline PS® 10 ng/mL Toxicity Criteria (version 2.0): RT-related acute and late
underwent a whole-body bone sca# 12 weeks before toxicities were scored using the Radiation Therapy On-
study entry, whereas those with PS& 20 ng/mL un- cology Group (RTOG) scale and European Organisation for
derwent a contrast-enhanced computed tomography scarResearch anzd Treatment of Cancer (EORTC)/RTOG scale,
of the abdomen and pelvis performe# 12 weeks before respectively” HRQOL was assessed at random assign-
study entry. Patients with low-risk PCa (Gleason scéres, Ment, every 2 months during ADT, every 4 months for the
T1-T2a, and PSA# 10 ng/mL) or radiologic evidence of rst year after completion of ADT, every 6 months during
nodal or distant metastasis were excluded. Also excluded®ars 2 to 5, and annually thereafter using the EORTC
were patients with active or prior malignancies, except fopuestionnaires (QLQ-C30 and PR.25).

nonmelanoma skin carcinoma within 5 years of the di-oytcomes

agnosis of PCa; those with contraindications to RT, in:

cluding in ammatory bowel disease; and those who hadThe primary end point of this study was biochemical

received prior pelvic RT, cytotoxic chemotherapy, or AD{elgpse-free survival (bRFS), deeq as time from random
assignment to any of the following events: biochemical

Random Assignment progression, as dened by RTOGAmerican Society for

Patients were centrally randomly assigned to one of the twEtadiation Oncology Phoenix critefig clinical evidence of
treatment arms using a computer-generated randomizatiofecurrence in the absence of biochemical progression; or
schedule. Random assignment was straéid by T stage initiation of salvage ADT, despite lack of per-protocol

(T1b-T2av T2b-T3a), Gleason score, ( 7 v 7), and PSA clinical or biochemical progression. Secondary end
level ¢¢ 10 v. 10 ng/mL). points included OS, metastasis-free survival (MFS), local

progression-free survival (LPFS), cumulative incidence of
relapse, treatment-related toxicity, and HRQOL. Results of
In both arms, patients received a total of 6 months of ADTthe comparison of HRQOL between treatment groups will
which was commenced within 6 weeks of randombe reported separately.

Study Design and Participants

Treatment

2 © 2019 by American Society of Clinical Oncology
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TABLE 1Patient Characteristics

Sequencing of ADT With Radiotherapy in Localized Prostate Cancer

TABLE 1Patient Characteristics (continued)

Arm A Arm B Arm A Arm B
Characteristic (n = 215) (n=217) Characteristic (n = 215) (n =217)
Age, years Chronic obstructive lung disease
Median 71 69 Yes 8 (3.7) 14 (6.5)
IQR 66-74 65-73 No 207 (96.3) 203 (93.5)
Mean 69.6 68.7 ECOG PS
Range 46-82 50-84 0 147 (68.4) 135 (62.2)
# 70 107 (49.8) 120 (55.3) 1 68 (32.6) 82 (37.8)
70 108 (50.2) 97 (44.7) Smoking status, pack-years
Clinical tumor stage Yes 31 (14.4) 49 (22.6)
cT1b-cTlc 99 (46) 101 (46.5) No 184 (85.6) 168 (77.4)
cT2a 51 (23.9) 52 (24.0) Median 29 35
cT2b-cT2¢c 62 (28.7) 62 (28.6) IQR 10-50 20-47
cT3 3(1.4) 2(0.9) Mean 30.6 34.5
Serum PSA, ng/mL Range 1-68 2-100
Median 95 9:2 NOTE. Data presented as No. (%) unless otherwise indicated.
IQR 6.3-13.5 6.8-13.8 Abbreviations: ECOG PS, Eastern Cooperative Oncology Group
Mean 10.2 10.4 performance status; IQR, interquartile range; PSA, prostate-speci
Range 1.2-29.1 2.2-27.9 anugen.
# 10 119 (55.3) 124 (57.1)
10 96 (44.7) 93 (429)  statistical Methods
G'eas?" score On the basis of previous studies, we postulated that 5-year
Median 7 7 bRFS would be 65% for the arm with inferior efacy1*2*
IQR 7-7 7-7 We designed the trial to detect a 15% absolute difference in
7 49 (22.7) 50 (23.1) PRFS between the two arms, with 90% power and a 2-sided
7 166 (77.3) 167 (769) & of 5%. A 2-sided signicance test was justied, because
—— either arm could potentially have a better outcome. The
'S_ caregory estimated sample size with this statistical design was 394,
High 8(3.7) 12(55  and with allowance for 10% dropout, the overall sample
Intermediate 207 (96.3) 205 (94.5) size was set at 434. The Kaplan-Meier method was used to
Baseline comorbidity estimate bRFS, LPFS, MFS, and OS in the intention-to-treat
Yes 142 (66) 148 (68.2) population. For bRFS, LPFS, a_md MFS, patients who were
event free at the time of analysis were censored at the date
No 73 (34) 69 (31.8) . ) . o
: of last follow-up with known biochemical or clinical status.
Coronary artery disease For OS, patients were censored at the date they were last
Yes 11 (5.1) 19 (8.8)  known to be alive. Median follow-up was estimated using
No 204 (94.9) 198 (91.2) the reverse Kaplan-Meier method. The primary statistical
Hypertension method of comparison for t.ime-to-event enq points was the
Ves 64 (29.8) 76 (35) log-rank test, with stratication by§ prespecied .fact.ors. T
stage, Gleason score, and baseline PSA. Univariable Cox
No 151 (70.2) 141 (65) regression (UVR) was applied to obtain the treatment effect
Diabetes mellitus (hazard ratio [HR] with 95% CI) on bRFS and OS. HRs were
Yes 30 (14) 32 (14.7) de ned such that values 1 favored arm B relative to arm
No 185 (86) 185 (85.3) A. Secondary multivariable Cox regression (MVR) was
. performed for estimation of adjusted treatment effect (HR)
Hypercholesterolemia . )
on bRFS and OS. Covariables included Gleason score, T
ves 44 (20.5) 40 (184) stage, PSA, and age at random assignment (post hoc in-
No 171 (79.5) 177 (81.6)  clusion); age and PSA were incorporated as continuous

(continued in next column)

Journal of Clinical Oncology

variables. Efrofs method was used for handling ties.
Proportionality assumptions of the multivariable models
were tested using the Grambsch-Therneau te¥t. A
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competing-risk analysis was performed for estimating cugenitourinary toxicities, overall (cumulative) toxicity scores
mulative incidence of relapse using Fine and Gray were taken as the highest of the 2 scores. The earliest date
methods. Death resulting from any cause was consideredrom either source on which a toxicity grad® 3 was re-
a competing event. The adjusted subdistribution HR (SHR)ported was de ned as the date of incidence of grad§ 3
was estimated using competing-risk regression. Incidencdate toxicity. Incidence probabilities of gradé 3 late
of acute grade$ 2 Gl and genitourinary toxicities wastoxicity were estimated by the Kaplan-Meier method and
compared between the two arms using the weightedcompared between the 2 arms by the log-rank test. Patients
Mantel-Haenszel test. For late RT-related Gl andvithout toxicity were censored at their last follow-up or

Total No. of patients evaluated
(N = 438)
Ineligible
| Synchronous or metachronous cancer n=2)
PSA > 30 ng/mL at the time of screening (n = 3)
Refused to participate (n=1)
Randomly assigned
(n =432)
Arm A Arm B
(n = 215) (n=217)
No ADT (n=1) No ADT (n=1)
Early discontinuation of bicalutamide (n=9) Early discontinuation of bicalutamide (n=18)
Early discontinuation of goserelin (n=2) Early discontinuation of goserelin (n=1)
Received additional dose of goserelin (n=1) Early discontinuation of both goserelin and bicalutamide (n=1)
Monotherapy with goserelin (n=3) Received monthly injections of goserelin (n=1)
Radiotherapy dose reduction in initial and boost phase (n=2) Monotherapy with goserelin (n=2)
Radiotherapy dose reduction in initial phase (n=1) Radiotherapy dose reduction in initial phase (n=1)
Neoadjuvant ADT+ brachytherapy (n=1) Radical prostatectomy instead of ADT and RT (n=2)
Progression status unknown (n=2) Progression status unknown (n=2)
Death status unknown (n=23) Death status unknown (n=3)
No information on late toxicity (n=2) No information on late toxicity (n=3)
Primary endpoint analysis (n = 215) Primary endpoint analysis (n=217)
Overall mortality analysis (n = 215) Overall mortality analysis (n=217)
Late toxicity analysis (n=213) Late toxicity analysis (n = 215)
Biochemical relapse (n =40) Biochemical relapse (n=28)
Only biochemical progression (n=21) Only biochemical progression (n=12)
Biochemical and local progression (n=6) Biochemical and local progression (n=6)
Biochemical and distant progression (n=6) Biochemical and distant progression (n=14)
Biochemical, local, and distant progression (n=4) Biochemical, local, and distant progression (n=5)
Local and distant progression (n=1) Only local progression (n=1)
Only distant progression (n=1)
Institution of salvage treatment despite no progression (n=1) Death (n=72)
Prostate cancer—specific causes (n=7)
Death (n=75) Non-cancer specific causes (n=65)
Prostate cancer—specific causes (n=7)
Non-cancer specific causes (n=68)

FIG 1.CONSORT diagram. ADT, androgen-deprivation therapy; PSA, prostate-spemitigen; RT, radiotherapy.

4 © 2019 by American Society of Clinical Oncology
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death. Statistical calculations were performed using SPS&lentify any systematic imbalance in the response-

software (version 21; IBM Corp, Armonk, NY) and Rassessment schedules between the two groups (Appen-

software (version 3.5.3; R Foundation, Vienna, Austrfd). dix Table A1, online only). No signicant difference was
found in median time to assessments.

RESULTS Ten-year bRFS for the entire cohort was 83.6% (95% ClI,
Between July 12, 2002, and March 28, 2012, 438 patients 79.8% to 87.6%). Five- and 10-year bRFS rates were
were evaluated for this study. Overall, 432 patients wer88.3% (95% CI, 84.0% to 92.8%) and 80.5% (95% ClI,
randomly assigned: 215 to arm A and 217 to arm B. Baseline74.8% to 86.6%), respectively, in arm A and 91.8% (95%
characteristics of randomly assigned patients were welCl, 88.1% to 95.6%) and 87.4% (95% CI, 82.7% to
balanced between the 2 armsTable 1). One patientinarm A 92.3%), respectively, in arm B. There was no sigmiant
underwent brachytherapy, and 2 patients in arm B un-difference between the 2 arms on strated log-rank test
derwent radical prostatectomy. Median duration of RT in(P =.10). The HR of bRFS for arm B, relative to arm A, was
arms A and B was 56 days (interquartile range [IQR], 55-59)0.66 (95% CI, 0.41 to 1.07;P =.09; Fig 2). On MVR, arm B
and 57 days (IQR: 55-59), respectively. RT dose was rewas associated with 38% relative reduction in the risk of
duced in 3 patients in arm A and 1 patient in arm B. Medianrelapse (HR, 0.62; 95% CI, 0.38 to 1.01P = .06). Cu-
duration of ADT was 5.6 months in both arms. Bicalutamidemulative incidence of relapse at 10 years was 17.9% in arm
was discontinued early in 9 and 8 patients and goserelinrA and 11.6% in arm B (SHR for arm B, 0.63; 95% ClI, 0.38
monotherapy was offered in 3 and 2 patients in arms A ando 1.07; P = .07; Appendix Fig A3. Post hoc landmark
B, respectively. One patient in arm B had early discontin-analyses (Appendixable A9 and analysis to evaluate the
uation of both bicalutamide and goserelin. One patient inmpact of possible difference in interval assessment (Ap-
each arm did not receive ADTHig 1). pendixTable A3 on bRFS are summarized in the Appendix

As of the data cutoff date (May 9, 2019), median follow-up{APPendixFig A4, online only)?"#*

of the surviving patients in the entire cohort wasA total of 147 deaths were recorded in the entire cohort
146 months (arm A, 148.2 months; arm B, 143.2 months). (arm A, n=75; arm B, n = 72). OS rates at 10 years for arm
A total of 40 and 28 patients experienced relapse in arms AA and arm B were 76.4% (95% Cl, 70.6% to 82.7%) and
and B, respectively. Sensitivity analysis was performed t@3.7% (95% CI, 67.6% to 80.2%), respectivelyHig 3).

1.0 4

0.8 A

0.6

10-Year bRFS, 80.5% (arm A) and 87.4% (arm B)
Unadjusted HR (arm B), 0.66 (95% CI, 0.41 to 1.07)
Stratified log-rank P =.10

0.4

bRFS (probability)

FIG 2.Kaplan-Meier graph of biochemical
relapse-free survival (bRFS). HR, hazard ratio.

0.2

—t— Arm A
—+— Arm B

T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180
Time Since Random Assignment (months)
No. at risk:
ArmA —— 215 214 209 198 187 168 155 139 130 109 84 63 52 42 28 20
ArmB =—— 217 216 213 202 195 185 174 156 137 115 96 74 58 50 37 22
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FIG 3.Kaplan-Meier graph of overall
survival (OS).

1.0
0.8 A
)
2
= 0.6
Qo
5]
Qo
o
—
o
N—r
()] 10-Year OS, 76.4% (arm A) and 73.7% (arm B)
O 0.4 1 Unadjusted HR (arm B), 0.94 (95% Cl, 0.68 to 1.30)
Stratified log-rank P =.70
0.2 A1
—t— Arm A
—t— Arm B
T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180
Time Since Random Assignment (months)
No. at risk:
ArmA —— 215 214 211 208 201 195 180 165 155 133 113 86 69 56 37 21
ArmB —— 217 214 212 209 205 198 189 173 151 131 112 90 69 58 42 26

There was no signicant difference between the arms on respectively P=.98). Overall, 12 and 9 distant-progression
strati ed log-rank test P = .70), UVR (HR, 0.94; 95% CI, and 11 and 12 local-progression events were recorded in
0.68 t0 1.30; P =.7), or MVR (Table 2. Ten-year cancer- arms A and B, respectively. Ten-year LPFS rates for arms A
speci ¢ mortality rates were 2% and 1.9% in arms A and B,and B were 92.2% (95% ClI, 86.5% to 98.3%) and 90.4%

TABLE 2 Multivariable Cox Regression Model for bRFS and OS

bRFS OS

Factor HR (95% CB P HR (95% CBH P
Age 0.95 (0.92 to 0.98) .004 1.10 (1.06 to 1.14) .001
Baseline serum PSA  1.09 (1.05 to 1.14).007 1.01 (0.97 to 1.03) .97
Clinical tumor stage .02 .20

cT1b-T2a 1 1

CT2b-T3a 1.82 (1.10 to 3.01) 1.25 (0.75 to 1.68)
Gleason score .03 .57

, 7 1 1

7 2.09 (1.10 to 3.97) 1.12 (0.75 to 1.68)
Treatment arm .06 .83

A 1 1

B 0.62 (0.38 to 1.01) 1.04 (0.75 to 1.44)

NOTE. Bold font indicates signcance.

(95% Cl, 83.1% to 98.2%), respectively. Ten-year MFS was
94% (95% Cl, 90.0% to 98.3%) for arm A and 95.1% (95%
Cl, 91.5% to 98.9%) for arm B. There was no sigréant
difference between the treatment groups on log-rank test
(P = .60 for both LPFS and MFS).

Median time to onset of acute toxicity was 41 days (IQR, 28-
53) from the initiation of RT. There was no difference in the
incidence of grade$ 2 RT-related Gl (odds ratio for arm B,
0.79;95% Cl, 0.29 to 2.10;P = .82) or genitourinary toxicity
(odds ratio for arm B, 1.11; 95% CI, 0.42 to 2.90P = .83)
between the two groups. The distribution of acute grade
$ 2 symptoms at 6, 12, and 18 weeks after the start of RT is
summarized in AppendixTable A4 (online only).

Three-year cumulative incidences of late RT-related grade
$ 3 GlI, genitourinary, and any-type toxicities were 2.5%,
2.9%, and 4.8%, respectively, in arm A and 3.9%, 2.9%,
and 6.2%, respectively, in arm B, with no signcant dif-
ference on log-rank testKig 4).

Abbreviations: bRFS, biochemical relapse-free survival; HR, hazard ratio; O%DISCUSSION

overall survival; PSA, prostate-speciantigen.
2Cross-validated Harreédl C-index, 0.65.
bCross-validated Harretl C-index, 0.63.

6 © 2019 by American Society of Clinical Oncology

In this phase Il randomized study, we did notnd any
statistically signicant difference in bRFS between patients
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who received concomitant and adjuvant ADT combined withfavoring NAHT in men who undergo P+PNRT and favoring
dose-escalated PRT compared with those who receivethe adjuvant approach in those who undergo PRT. The

neoadjuvant and concurrent ADT with PRT. The long-termmechanism underlying such an interaction is unclear. In

relapse rates in our study were much lower than anticipatecbur study, patients were uniformly treated with PRT, and

because of limited information on the long-term efacy of the ndings allude to a possible improvement in bRFS with
dose-escalated RT at the time of study design. Consequently,oncomitant and AHT in these patients.
our study lacked sufcient power to achieve conventional
levels of statistical signcance, despite showing some evi-
dence of improved bRFS with use of concomitant and AHT.

No difference was identied between arms in the secondary m|ze§ trea.tr;:ent-related. morbidities. Converlsel){, hconcelr)n
end points of OS, MFS, LPFS, or RT-related morbidities. remains with commencing ADT concurrently with RT, be-

. Itis assumed that NAHT-induced tumor involution allows for
effective sparing of critical structures and therefore mini-

cause this might cause inconsistency in dose to critical

Preclinical studies raised the hypothesis that NAHT po-
tentiates the action of RT by allowing cytoreduction andshape of the prostate over the course of RT. We did notd
reducing intratumoral hypoxia and may be more effective
than AHT!>*” However, a randomized trial comparing 8
mtrzc?r?avl\ilg/elgrs r(zaflz:\\lpis-\l;vffr:lﬁr\:\; eggg;ch)zl:sns gfoﬁg;f:s%f our study support greater exibility in sequencing short-
update from the 4-arm RTOG 9413 study showed 10-yea
PFS of 28.4% with NAHT followed by prostate and pelvic

nodal RT (P+PNRT), 23.5% with NAHT followed by I:,R.I_adherence to treatment and thereby long-term outcomes.

structures as a result of dynamic changes in the size and

any differences in RT-induced toxicity between the arms.
Given the similar oncologic and toxicity outcomes, the results

term ADT with PRT in LPCa at the convenience of patients.
hese factors, taken together, could potentially improve

19.4% with P+PNRT followed by AHT, and 30.2% withWe observed excellent bRFS and OS in both arms of our
PRT and AHT¥® Overall, the ndings suggested a se- study. This is consistent with the results of the DART01/

guence-dependent interaction between ADT and RTGICOR study, which showed no additional berte of

O 0.25 L 0.25
(8] [&]
CIC.) —— Arm A g —— Arm A
o 0.20 —— Arm B o 0.20 —— Arm B
o 8]
= 3-Year cumulative incidence probability of grade 3 < 3-Year cumulative incidence probability of grade 3
() 0.15 1 any-type toxicity, 4.8% (arm A) v 6.2% (arm B) ) 0159 g toxicity, 2.5% (arm A) v 3.9% (arm B)
= Log-rank P =.50 = Log-rank P = .44
= =
© 0.10 @ 0.10 A
£ E
= 0.05 - = 0.05 R
O O il e
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180
Time Since End of Radiotherapy (months) Time Since End of Radiotherapy (months)
No. at risk: No. at risk:
ArmA —— 213 208 195 186 173 162 141 128 106 79 59 40 29 20 14 3  ArmA —— 213 208 195 186 173 162 141 128 106 79 59 40 29 20 14 3
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FIG 4.Kaplan-Meier graph of cumulative incidence of late grade 3 radiotherapy-related (A) any-type, (B) Gl, and (C) genitourinary toxicities.
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prolongation of ADT beyond 4 months in intermediate-riskadherence to protocol-specied therapy, uniform use of
PCa treated with dose-escalated R¥ Bolla et af® showed high-quality image-guided RT, and high rates of collection
superior bRFS with addition of 6 months of ADT to RT irof toxicity and QOL data. Open-label studies with PFS as an
a study that predominantly consisted of men withend pointare often susceptible to asymmetry in assessment
intermediate-risk PCa, regardless of dose escalation frorachedules between control and study groups. Our sensi-
70 to 78 Gy. Considering all this evidence, short-term ADTivity analysis showed a small, statistically nonsigrant
for 4 to 6 months remains standard systemic treatment fodifference in the time to sequential evaluations between the
intermediate-risk PCa until prospective studies showreatment groups; however, the difference was not direc-
a differential impact of ADT and RT combination on fa-tionally consistent over time.

vorable and unfavorable intermediate-risk subgroups andrq summarize, our study raises the possibility of a modest

provide clear evidence for altering treatment in thesqmprovement in biochemical or clinical relapse with con-

subsets. comitant and adjuvant ADT rather than neoadjuvant and
Our study is subject to several limitations. Information orconcurrent ADT combined with dose-escalated PRT in
primary and secondary Gleason scores was incompleteLPCa. This difference, however, did not reach statistical
This precluded stratication of patients with Gleason scoresigni cance, possibly because of a lower-than-anticipated
of 7 to grade groups 2 and 3 to assess differential treatmengvent rate with a corresponding loss of statistical power. No
effect®® Histopathologic conrmation of relapse was not difference in late RT-related toxicity was observed between
mandatory, and this could have resulted in underestimatiorthe 2 regimens. Irrespective of the sequencing strategy
of clinical events in both arms. Finally, the results must bechosen, these results demonstrate encouraging long-term
interpreted in light of the advancement in molecular im-oncologic outcomes with the combination of short-term
aging, which has substantially increased the accuracy andADT and dose-escalated RT in intermediate-risk PCa.
localization of recurrence after rst-line treatment in The results of our study supportexibility in tailoring the
PCa®**¢ Strengths of the trial include long-term follow-upsequence of ADT and RT to optimize treatment adherence
(median of approximately 12 years), nearly universahnd convenience for patients with LPCa.
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APPENDIX

Sequencing of ADT With Radiotherapy in Localized Prostate Cancer

Details of Radiotherapy and being observed at 36 months after random assignment. Uni-

. I . . . variable and multivariable Cox regressions were used to determine
Patients were treated with image-guided coplanar 3-dimensional con-

f | radioth RT) usi 6eld i tric b i unadjusted and adjusted treatmeneffects, respectively. Multiple
v(\jirtrlralE;-amg)ga\enr)?tpi/)rgoto)ngsxgn?inirermurhsocffetnh?;e 33{3 dicr:rii?sg?/vn;?: sensitivity analyses were carried out to evaluate the impact of
transrectally inserted into the prostate to facilitate image guidance. Thggﬁzsslblerggséfn%ié? 'tri]::;va\ivzsiizzm:n;;? ng:;qSe.t;g iqsasfi;sutr:e
target volumes were delineated using International Commission o |ke|ihogd estin):ation of th’e survial curve us?n an expectation
Radiation Units & Measurements Report 50. Clinical target volume NS . . ; g a P

(CTV-1) encompassed the prostate and proximal 10 mm of the SeminarInaX|m|zat|on and |terat|vg conve minorant algorithm (l_nt_erval-
vesicles. CTV-2 was limited to the prostate alone. Planning target volu ceensored procedure). Addlt_lonally, we perfc_)rmgd sensitivity ana-
1 (PTV-1) was generated by expansion of CTV-1 by 10 mm in all (;?yses baseq on standard time-to-event estimation (Kaplan_—Meler
rections except 7 mm posteriorly. PTV-2 was generated by expansion & °duct limit method) assuming the progression time was in the
CTV-2 by 10 mm in all directions except 5 mm in the posterior andmlddle of the interval or at the lowelimit of the interval compared
superior directions, respectively. PTV-1 was treated to 56 Gy in 28 dailf/ith the upper limit of the interval, which corresponded to the

fractions over 5.5 weeks. An additional boost of 20 Gy in 10 fractions waBimary method of bRFS estimation.

subsequently delivered to PTV-2 over 2 weeks. Patient cases Wergt 12 months.For the landmark analysis of bRFS at 12 months
reviewed once per week by the treating physician during RT. a total of 428 patients were alive, still being observed, and free from
. . . biochemical relapse. Among the 4 patients excluded, 3 were dead and
Methodology for Detecting Systematic Imbalance in 1 ended follow-up before the landmark. Ten-year bRFS rates for arm A
Response Assessment and arm B were 80.5% (95% Cl, 74.8% to 86.6%) and 87.4% (95%

(;I, 82.7% t0 92.3%), respectively (Appendixig A4A. The unadjusted

Clinical and laboratory assessments were repeated at 1 month aft . .
completion of androgen-deprivation therapy, every 4 months in thet ehazard ratio (HR) for arm B rglatlve toarm A, was 0.69 (95% Cl, 0.42
jo1.12;P = .13). On multivariable Cox regression, arm B was asso-

2 years, every 6 months for the next 3 years, and annually thereafter.. . . T h ;
We applied time-to-event analyses to rule out any systematic imbafiated with a 36% relative reduction in risk of biochemical relapse (HR,

ance in the timing of the assessments between the arms. Median tim&@-64: 95% Cl, 0.39 to 1.05; P = .08; AppendixTable A2.

to rst six observed assessments was estimated in days for the tWat 36 months. For the landmark analysis at 36 months, 398 patients

arms, respectively. Patients with clinical events or who were lost tQ,q e eligible. Among the 34 patients who were excluded, 10 patients
follow-up were censored at the date of last follow-up. The log-rank tesf,ere dead and 24 ended follow-up assessments before the landmark.
was applied for the comparison of the time to evaluation between thg p - |ates at 10 years for arm A and arm B were 84.5% (95% Cl,

two treatment groups. 79.0% to 90.3%) and 91.3% (95% CI, 87.1% to 95.7%), respectively
R | (AppendixFig A4B). The unadjusted HR for arm A, relative to arm B,
esults was 0.62 (95% ClI, 0.35 to 1.10;P = .10). After adjustment for

Although a maximum 3-day gap was noted between the two groups witiovariables, arm A was associated with a 41% relative reduction in risk
respect to time to second, fourth, fth, and sixth assessments, the dif- of biochemical relapse (HR, 0.59; 95% ClI, 0.33 to 1.06? = .08;
ference was not statistically sigréant. The direction of difference was Appendix Table AJ.

not consistent across therst six observed assessments. The results are

summarized in AppendixTable Aland Figure A2 respectively. Interval Censoring Based Analyses

Additional Landmark Analvses and Interval Censorin By the interval-censored procedure, 10-year bRFS rates for arm A and
y 9 arm B were 80.4% (95% CI, 70.9% to 84.4%) and 86.8% (95% ClI,
Based Analyses

82.0% to 91.9%), respectively. Using the lower limit of the interval,
We performed two post hoc analyses to evaluate the treatment effedi0-year bRFS rates in arm A and B were 79.7% (95% Cl, 73.9% to
on biochemical relapse-free survival (bRFS) in two landmark pop85.8%) and 87.3% (95% Cl, 82.7% to 92.1%), respectively, whereas
ulations starting at 12 and 36 months of follow-up, respectively. Theusing the midpoint of the interval, 10-year bRFS rates were 80.9%
12-month landmark population included patients who were still alive(95% ClI, 75.4% to 86.9%) and 86.9% (95% CI, 82.1% to 91.9%),
and being observed at 12 months after random assignment, whereasespectively. The results of the additional sensitivity analyses of bRFS
the 36-month landmark population included patients who were aliveare summarized in Appendidable A3

TABLE AlTime to Assessment for Two Treatment Regimens

Median Time to
Assessment, days

Assessment

No. Arm A Arm B p2
1 198 198 .20
2 267 270 .30
3 380 381 .70
4 493 496 20
5 607 604 .30
6 719 716 .20

3 og-rank test.
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TABLE A2Multivariable Landmark Models for Cox Regression Analysis of bRFS

Factor HR (95% ClI) P
Landmark model starting at 12 months of follow-8p
Age 0.95 (0.92 to 0.99) .006
Serum PSA 1.09 (1.04 to 1.14) <.001
Clinical tumor stage .03
cT1b-T2a 1
cT2b-T3a 1.77 (1.07 to 2.94)
Gleason score .03
g 1 1
7 2.03 (1.06 to 3.86)
Treatment arm .08
A 1
B 0.64 (0.39 to 1.05
Landmark model starting at 36 months of follow-8p
Age 0.96 (0.92 to 1.00) .06
Baseline serum PSA 1.09 (1.03 to 1.15) .001
Clinical tumor stage 13
cT1b-T2a 1
cT2b-T3a 1.59 (0.87 to 2.91)
Gleason score .05
, 7 1
7 2.16 (0.99 to 4.73)
Treatment arm .08
A 1
B 0.59 (0.33 to 1.06)

NOTE. Bold font indicates signcance.
Abbreviations: bRFS, biochemical relapse-free survival; HR, hazard ratio; PSA, prostate-spaaiigen.
aCross-validated Harred C-index, 0.65.
Cross-validated Harre#i C-index, 0.63.
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TABLE A310-Year bRFS Estimation With Sensitivity Analyses

10-Year bRFS, %

Sequencing of ADT With Radiotherapy in Localized Prostate Cancer

Unadjusted HR

Method (95% CI) (95% CI) P
Standard analysis (upper limit of interval) .09
Arm A 80.5 (74.8 to 86.6) 1
Arm B 87.4 (82.7 t0 92.3) 0.66 (0.41 to 1.07)
Midpoint of interval .10
Arm A 80.9 (75.4 to 86.9) 1
Arm B 86.9 (82.1 t0 91.9) 0.67 (0.41 to 1.09)
Lower limit of interval .10
Arm A 79.7 (73.9 to 85.8) 1
Arm B 87.3 (82.7 t0 92.1) 0.67 (0.41 to 1.09)
NPMLE (interval censoring) .13

Arm A

80.4 (70.9 to 84.4)

1

Arm B

86.8 (82.0 to 91.9)

0.67 (0.40 to0 1.12)

Abbreviations: bRFS, biochemical relapse-free survival; HR, hazard ratio; NPMLE, nonparametric maximum likelihood estimation.
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TABLE A4Distribution of Acute Treatment-Related Toxicity at 6 and 18 Weeks After Completion of RT

Arm B Arm B
6 Weeks 12 Weeks 18 Weeks 6 Weeks 12 Weeks 18 Weeks
Toxicity G2 G3 G2 G3 G2 G3 G2 G3 G2 G3 G2 G3
Genitourinary
Dysuria 5 0 3 0 2 0 5 1 6 3 6 &
Frequency, urgency, or nocturia 10 0 18 0 13 0 8 1 17 4 17 4
Hesitancy 0 0 1 0 0 0 0 0 0 0 0
Incontinence 1 0 1 0 1 0 0 0 0 0
Cystitis 11 0 13 1 9 1 12 0 14 3 14 3
Erectile dysfunction 0 0 0 1 0 1 0 0 0 0 0 0
Gl 0 0 0 0 0 0 0 0 1 0 1 0
Constipation 0 0 0 0 0 0 1 0 1 0 1 0
Diarrhea 0 0 0 0 0 0 0 0 1 0 1 0
Incontinence 0 0 0 0 1 0 2 0 2 0 2 0
Frequency 5 0 0 0 3 0 2 0 4 0 4 0
Proctitis 0 0 3 0 0 0 0 0 0 0 0 0
Hematologié
Anemia 0 0 0 0 0 0 0 0 1 0 1 0
Constitutionat
Fatigue 0 0 0 0 0 0 0 0 1 0 1 0
Dermatologic 0 0 1 0 1 0 0 0 8 0 3 0
Pair? 0 0 0 0 0 0 0 0 1 1 0 1
Total 32 0 40 2 30 0 29 2 46 11 51 11
NOTE. Included patients had 1 symptom.
Abbreviations: G, grade; RT, radiotherapy.
aScored using Common Toxicity Criteria.
The Study Design
Treatment Arm A
Bicalutamide Goserelin Goserelin EBRT
(day 1) (1% injection) (2™ injection) (76 Gy in 38 fractions

over 7.5 weeks)
Treatment Arm B

EBRT
(76 Gy in 38 fractions over 7.5 weeks)

o

X . Goserelin Goserelin
Bicalutamide (1%t injection) (2" injection) . End 3:
months

of ADT

FIG Al.Study design. ADT, androgen-deprivation therapy; EBRT, external-beam radiotherapy.
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FIG A2 Kaplan-Meier graph of time to (A)rst, (B) second, (C) third, (D) fourth, (E)fth, and (F) sixth post-treatment response assessments in the
two treatment groups.
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FIG A3.Cumulative incidence of (A) relapse, (B) prostate cancer specimortality using
competing risk based analysis; Kaplan-Meier graph of (C) metastasis-free survival (MFS), and
(D) local progression-free survival (LPFS). HR, hazard ratio.

© 2019 by American Society of Clinical Oncology

Downloaded from ascopubs.org by Western University on December 12, 2019 from 129.100.058.076
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.



Sequencing of ADT With Radiotherapy in Localized Prostate Cancer

1.0 e i .
0.8
)
>
=
S 0.6 10-Year MFS, 94% (arm A) and 95.1% (arm B)
] Unadjusted HR (arm B), 0.71 (95% ClI, 0.30 to 1.68)
Q Stratified log-rank P = .60
o
o
N—r
2
0.4
=
0.2
—— Arm A
—+— ArmB
T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180
Time Since Random Assignment (months)
No. at risk:
ArmA —— 215 214 211 205 198 1838 175 158 147 125 101 78 64 53 35 21
AmB —— 217 216 213 209 205 198 188 170 151 127 107 85 66 58 41 26
D 1.0 4
0.8 A
)
)
=
o) ]
< 0.6
Q
(=]
S
o
~ 10-Year LPFS, 92.2% (arm A) and 90.4% (arm B)
[9p] Unadjusted HR (arm B), 1.09 (95% ClI, 0.48 to 2.47)
LL Stratified log-rank P =.60
0. 0.4 A
—
0.2
—— Arm A
—+— ArmB
T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180
Time Since Random Assignment (months)
No. at risk:
ArmA —— 215 214 210 199 189 169 154 138 121 97 68 54 40 30 20 7
ArmB —— 217 213 209 201 190 179 160 133 111 94 79 58 39 31 25 9

FIG A3.(Continued).
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FIG A4.Kaplan-Meier graph of biochemical relapse-free survival (bRFS) from (A) 12- and (B)
36-month landmark analyses. HR, hazard ratio.
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