Journal Pre-proof

logy

Stereotactic Body Radiotherapy for High-Risk Localized CARcinoma of the Prostate
(SHARP) Consortium: Analysis of 344 Prospectively Treated Patients

Ritchell van Dams, MD, MHS, Naomi Y. Jiang, MD, Donald B. Fuller, MD, Andrew
Loblaw, MD, Tommy Jiang, BA, Alan J. Katz, MD, Sean P. Collins, MD, Nima
Aghdam, MD, Simeng Suy, PhD, Kevin L. Stephans, MD, Ye Yuan, MD, PhD,
Nicholas G. Nickols, MD, PhD, Vedang Murthy, MD, Tejshri P. Telkhade, MD, Patrick
A. Kupelian, MD, Michael L. Steinberg, MD, Tahmineh Romero, MS, Amar U. Kishan,
MD

PII: S0360-3016(21)00068-7
DOI: https://doi.org/10.1016/j.ijrobp.2021.01.016
Reference: ROB 26844

To appearin:  International Journal of Radiation Oncology ¢ Biology * Physics

Received Date: 20 October 2020
Revised Date: 6 January 2021
Accepted Date: 10 January 2021

Please cite this article as: van Dams R, Jiang NY, Fuller DB, Loblaw A, Jiang T, Katz AJ, Collins SP,
Aghdam N, Suy S, Stephans KL, Yuan Y, Nickols NG, Murthy V, Telkhade TP, Kupelian PA, Steinberg
ML, Romero T, Kishan AU, Stereotactic Body Radiotherapy for High-Risk Localized CARcinoma of the
Prostate (SHARP) Consortium: Analysis of 344 Prospectively Treated Patients, International Journal of
Radiation Oncology * Biology * Physics (2021), doi: https://doi.org/10.1016/j.ijrobp.2021.01.016.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.ijrobp.2021.01.016
https://doi.org/10.1016/j.ijrobp.2021.01.016

Stereotactic Body Radiotherapy for High-Risk L ocalized CARcinoma of the Prostate
(SHARP) Consortium: Analysis of 344 Prospectively Treated Patients

SBRT for HRPCa: Analysis of 344 Patients

Ritchell van Dams, MD, MHS", Naomi Y. Jiang, MD*, Donald B. Fuller, MD? Andrew Loblaw,
MD?3, Tommy Jiang, BA*, Alan J. Katz, MD>, Sean P. Collins, MD®, Nima Aghdam, MD®,
Simeng Suy, PhD®, Kevin L. Stephans, MD’, Ye Yuan, MD, PhD*, Nicholas G. Nickols, MD,
PhD?, Vedang Murthy, MD?, Tejshri P. Telkhade, MD®, Patrick A. Kupelian, MD*, Michael L.
Steinberg, MD*, Tahmineh Romero, MS*, Amar U. Kishan, MD*

! Department of Radiation Oncology, University of California, Los Angeles, Los Angeles, CA.

? Genesis Healthcare Partners, San Diego, CA.

% Department of Radiation Oncology, University of Toronto, Toronto, ON, Canada.

* University of California, Los Angeles, Los Angeles, CA.

> FROS Radiation Oncology and Cyberknife Center, Flushing, NY.

® Department of Radiation Medicine, Georgetown University Hospital, Washington, DC.

" Department of Radiation Oncology, Taussig Cancer Institute, Cleveland Clinic, Cleveland, OH.
8 Department of Radiation Oncology, Tata Memorial Hospital, Mumbai, India.

® Tata Memorial Hospital, Mumbai, India

Corresponding Author: Amar U. Kishan. Email: AUKishan@mednet.ucla.edu

Statistical Analysis: Tahmineh Romero. Email: TahminehRomero@mednet.ucla.edu
Conflictsof Interest: AL: Advisory board membership; AbbVie, Sanofi, and TerSera. SPC:

Consultant; Accuray. MLS: Consultant; ViewRay. All other authors: None.



Funding: ASTRO-PCF Career Development Award. This research was supported by NIH
National Center for Advancing Trandationa Science (NCATS) UCLA CTSI Grant Number
UL1TRO01881.

Data Availability: Research data are not available at thistime.



ABSTRACT
PURPOSE: To explore the efficacy and toxicity of stereotatiody radiotherapy (SBRT) in

high risk prostate cancer (HRPCa) in a consortifisesen institutional phase Il trials and

prospective registries.

METHODS AND MATERIALS: Individual patient data were pooled for 344 pasenith a
minimum follow-up of 24 months. Biochemical recurce-free survival (BCRFS) and distant
metastasis-free survival (DMFS) were estimatedgiaiKaplan-Meier framework. Fine and

Gray competing risk and Cox proportional hazargsagsion models were developed to assess
the association between time to BCR and time tadisnetastasis and pre-specified variables of
interest. Logistic regression models were develdpexValuate associations between acute and
late grade>2 genitourinary (GU) and gastrointestinal (Gl) @hnel followinga priori specified

variables: age, dose per fraction, ADT use, andihadliotherapy.

RESULTS: Median follow-up was 49.5 months. Seventy-two petaé patients received ADT,
with a median duration of 9 months, and 19% reakelective nodal radiotherapy. Estimated
four-year BCRFS and DMFS rates were 81.7% (95% TR-86.5%) and 89.1% (95% ClI,
85.3%-93.1%). The crude incidences of late grlgenitourinary and gastrointestinal toxicity

were 2.3% and 0.9%.

CONCLUSIONS: These data support a favorable toxicity and effiqarofile for SBRT for
HRPCa. Further prospective studies are neededalaae the optimal dose and target volume in

the context of SBRT for HRPCa.



INTRODUCTION
Stereotactic body radiotherapy (SBRT) is a formilof-hypofractionated radiotherapy

in which advanced treatment delivery techniquesutiieed to deliver high doses of radiation
over the course of five or fewer treatments. Th202Rational Comprehensive Cancer Network
(NCCN) guidelines suggest that SBRT can be consttitar patients with high-risk prostate
cancer (HRPCa) provided they have social or methiaadships that preclude longer courses of
radiation® The 2020 European Association of Urology guideliaee less supportive of this and
note that the major evidence to support ultra-hsgamtfonation for HRPCa comes from a subset
of 126 patients enrolled on the randomized HYPOMT trial> These patients did not receive
concurrent androgen deprivation therapy (ADT), wh&now considered a standard of care for
patients with HRPCa receiving definitive radiothmraand the authors conclude that their
general conclusions of oncologic equivalency maybeoapplicable for patients with HRPCa.
Other published prospective data supporting SBRHRPCa are limited to medium-term

results from two small phase Il trials and a smpedispective database with short-term data.
MATERIALSAND METHODS

To evaluate efficacy and toxicity outcomes among meeeiving SBRT for HRPCa in a
larger cohort, we established a consortium andimddapatient-level data from seven institutions
with phase Il studies and prospective databasessité&-specific distribution of patients and
their treatment characteristics are shown in TabEach institutional review board approved
contribution of its data to the coordinating dagater (XXXX). Analyses were limited to
patients with>24 months of follow-up. Biochemical recurrence (B@¥#s defined as a PSA rise
>2 ng/mL above the lowest value after SBRT, pertheenix definitior!. Gastrointestinal (Gl)

and genitourinary (GU) toxicity were scored by deenmon terminology criteria for adverse



events (CTCAE) version 3.0 or version 4.0. Kaplaeid methods were used to obtain 4-year
survival estimates of BCR-free survival (BCRFS) aistant metastasis-free survival (DMFS)
with time to event measured from the final day BRI. Univariate and multivariable Fine and
Gray competing risk and Cox proportional hazargsagsion models were developed to assess
the association between time to BCR and time tadisnetastasis. Multivariable models were
adjusted for dose per fraction (categorical, witB\8as the reference dose), age at treatment,
clinical T stage (T3-4 vs. T1-2), In(initial progtaspecific antigen), and Gleason grade group (1-
3 vs 4-5). Due to the non-uniform use of ADT andalaadiotherapy, and the consideration that
important other variables that might confound pb&mssociations, such as socioeconomic
status, were not available, these variables werennluded in the multivariable analyses.
Multivariable logistic regression models were depeld to evaluate associations between acute
and late grade2 GU and Gl and the following priori specified variables: age at treatment,
dose per fraction (categorical, with 8 Gy per fiatias the reference dose), ADT use, and nodal
radiotherapy. In this case, ADT use and nodal tadmapy were included in the model as the
impact of selection biases related to their usetha@dbsence of information about important
confounding variables was thought to be less ingmbiin investigating relationships with

toxicity versus measures of efficacy. Due to the &vent rate, Firth’s penalized likelihood
method was used to estimate the relevant odds@iBs) and hazard ratios (HRs). Cumulative
incidence curves were developed using Allen esbomeatd Gray’s test was used to compare the
equality of cumulative incidence functions acrdsata® Analyses were completed using SAS
(9.4 SAS Institute Inc., Cary, NC, USA) and R, vans3.3.2. AllP values were from 2-tailed

tests, and results were deemed statistically sogmf atP < .05.

RESULTS



Overall, 344 patients were included in this analygiith a median follow-up of 49.5
months (interquartile range, 35.8-61.9 months) (@ &p. Two-hundred-forty-eight patients
(72%) received ADT, with a median duration of 9 rie(IQR, 9-18 months). Estimated four-
year BCRFS and DMFS rates were 81.7% (95% CI, 88.2%) and 89.1% (95% CI, 85.3%-
93.1%). Overall, 59 patients (17%) experienced &B@d 26 patients (8%) experienced a DM.
On multivariable competing risk analyses, 7 Gy8/&y per fraction was significantly
associated with increased risk of BCR (subdistidyubhazard ratio [sHR] 2.15; 95% CI 1.07-
4.32; p=0.03), as was In-iPSA (sHR 1.42; 95% C#1.@8B; p=0.02) (Table 3). No statistically
significant predictors of time to DM were identdli€Table 3). Cause-specific models had similar
results for BCR and DM, additionally, 1 year ingean age at treatment was significantly
associated with increased risk of BCR (hazard {&tR] 1.04; 95% CI 1-1.07; p=0.035)
(Supplemental Tables 1 and 2). Kaplan-Meier cuofd3CRFS and DMFS stratified by ADT
use are shown in Figure 1. BCRFS was significagrthater among patients receiving ADT (p-
value 0.009 by log-rank), but DMFS was not sigmifitty different (p-value 0.097 by log-rank).
Similar curves stratified by nodal RT and iPSA sinewn in Supplemental Figures 1 and 2,
respectively. Cumulative incidences of BCR and Biatified by ADT use, are shown in
Supplementary Figure 3. The cumulative incidencB@R was significantly lower among
patients receiving ADT (p-value 0.017 by Gray's)}eshile the cumulative incidence of DM
was no different (p-value 0.36 by Gray’s test). Megful analysis of ADT duration was
precluded by the low event rate within any givenTAduration (none vs<9 vs. 9-18 vs. >18
months) as well as selection biases inherent tatingtion of ADT provided, given the

heterogeneity in practice patterns.



Acute grade>2 GU and Gl toxicity were seen in 18% and 5% ofqua$, respectively;
no acute grade3 GU or Gl toxicities were seen. Results of multizible logistic regression
models for acute grade€? GU or Gl toxicities are shown in Supplemental [€& A dose per
fraction of 7 Gy vs 8 Gy and ADT use were assodiatgh lower and higher odds of acute
grade>2 GU toxicity, respectively (ORs 0.09 [95% CI 0.028], p=0.005 for dose per fraction
7 Gy vs 8 Gy and 4.1 [95% CI 1.3-13.4], p=0.02A®T use). No significant predictors of acute
Gl toxicity were identified. Cumulative incidencarges late grade2 GU and Gl toxicity are
shown in Figure 2. The 4-year cumulative incideestmates for late grad® GU and Gl
toxicity were 17.6% (95%CI, 13.6-21.9%) and 6.4%%OCI, 3.7-10.1%), respectively. The
crude incidence of late grade 3 GU toxicity wa$2 (Bnedian time to onset 21 months) and the
crude incidence for late grade 3 Gl toxicity wad%.(median time to onset 22 months). Results
of multivariable logistic regression models forelgrade>2 GU or Gl toxicities are shown in
Table 4. Dose per fraction of 7.25 vs 8 Gy and ABE were associated with lower and higher
odds of late grade2 GU toxicity, respectively (OR 0.09 [95% @I02-0.48], p=0.05 for 7.25 Gy
vs 8 Gy and 4.09 [95% CI 1.25-13.4], p=0.02 for AlSe) (Table 4).The same variables were
also associated with lower and higher odds ofdatele>2 Gl toxicity, respectively (OR 0.18
[95% CIl,0.06-0.54], p=0.002 and 0.28 [95% (d,11-0.56], p=0.001 for dose per fraction 7 Gy

and 7.25 vs 8 Gy and OR 4.34 [95% CI 1.68-11.2(.962 for ADT use) (Table 5).

DISCUSSION

The results of this consortium analysis highligéteral important points. First, these
prospective data underscore the efficacy of thig@gch. The estimated 4-year BCRFS rate of
81.7% for patients receiving SBRT in this consartis similar to the 5-year BCRFS rates for

HRPCa patients enrolled on ASCENDE-RT who recewvé&dachytherapy boost (85.5%) or



dose-escalated conventionally fractionated radrafinealone cohort (83.6%) along with 12
months of ADT, despite the inclusion of patientshea present consortium who either received
no ADT or received shorter durations of ABBecond, overall toxicity rates were low and
consistent with prior SBRT reports in low- and imediate-risk diseas8.The estimated four-
year cumulative incidence of late grag2GU toxicity was 17.6% in this study, versus 5fyea
cumulative incidences of late grag2 GU toxicity of 53.3% with a brachytherapy boosta
26.4% with dose-escalated conventionally fractiedatdiotherapy alone in ASCENDE-RT
(though that trial did not utilize intensity modtéd radiotherapy). Similarly, the estimated four-
year cumulative incidence of late grael2Gl was 6.4% in this study, versus 5-year cumugati
incidences of late grad® Gl toxicity of 40.4% with a brachytherapy boostl&3.4% with
dose-escalated conventionally fractionated radratinealone in ASCENDE-RT. These rates of
late grade>2 GU and Gl toxicity are also comparable to thee&rycumulative incidences of
toxicity seen in prospective randomized trials aatihg moderate hypofractionation, including
CHHIP, which identified a 11.7% and 11.9% rateatéIgrade2 GU and Gl toxicity in the 60
Gy arm, respectively} Caution must be exercised when comparing theseitprates, as
ASCENDE-RT and CHHIP utilized single-protocol prespve data collection methods while
our pooled cohort may underreport due to the dadparature of data collection. Nevertheless,
the low incidence of grade 3 Gl and GU toxicitythis cohort remains encouraging. We did find
that dose per fraction and ADT were associated initheased toxicity, consistent with prior
studies>**The etiology of the relationship between ADT usd toxicity is not clear, but
increased frequencies of both late GI and GU toxltave been reported in the setting of ADT,
and the phase Ill NRG-GUO0O03 trial investigatinga®B GU outcomes in the setting of post-

prostatectomy radiation includes ADT as a presjetitratification factot**’ Third, nodal



radiotherapy was associated with neither improugdames nor increased toxicity. A
significantly smaller analysis of two trials incledlin the present study did identify a difference
in cumulative incidence of BCR favoring nodal raterapy, but this finding may have been

biased by the small sample size.

This study has several limitations. First, thia isonsortium analysis of multiple single-
arm phase |l studies and prospective registriestlagrefore cannot provide level | evidence to
support SBRT for HRPCa due to the non-randomizédreaSecond questions regarding the
association of ADT or nodal radiotherapy cannoabswered by the current multivariable
analyses as, in addition to the selection biassscégted with ADT use and duration (as well as
nodal radiotherapy use), important variables, iditlg details of socioeconomic status, gland
size, and geographic considerations, were notablail These limitations also impact the
multivariable analyses that were performed regatietors associated with toxicity. Third,
heterogeneity in contouring, planning, and treatnaefivery introduce additional uncertainty
when attempting to pool results from disparateistidnd institutions. Fourth, additional
patient- and treatment-specific covariates that hewe affected toxicity, such as prostate size or
rectal dose, were unavailable for analysis. Ftitjent-reported quality of life indices were not
available for analysis, and neither were dosesveddy normal tissues — both would help
inform our understanding of toxicity. Finally, theedian follow-up of 48 months must be taken
in context of the long natural history of prosteécer, and as such, these should be considered

medium-term rather than long-term results.

In summary, SBRT has shown promising efficacyatigmts with HRPCa in a multi-
institutional, international setting. Further prespive studies are needed to verify these results

and investigate the optimal dose and target volumtiee context of SBRT. The ongoing



randomized PACE-C trial is expected to provide tddal level 1 evidence concerning the

efficacy of SBRT vs conventional radiotherapy ampatients with HRPCH
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FIGURE CAPTIONS

Figure 1. Biochemical Recurrence-Free Survival Aisiant Metastasis-Free Survival Among
Patients receiving stereotactic body radiother&BRT) with or without androgen deprivation

therapy (ADT).

Figure 2. Cumulative Incidence of late gradeGU toxicity (left) late grade2 Gl toxicity

(right) in patients receiving stereotactic bodyio#iterapy (SBRT).



Table 1. Individual prospective study characteristics.

NCT/IRB Institution or No. of | Dose /fraction Seminal Vesicle | Margins** Prescription Intrafraction] Image guidance Fractionation Original
trial patients Coverage* motion toxicity
monitoring? scoring

XXXX XXXX 71 8Gyx5 Proximal 1 cm 5 mm/3 mm 100% of Rx to Yes Cone beam CT | Every otherday| CTCAE
posterior cover 95% of before treatment; v4.0

PTV planar imaging
during treatment,
Max: 105% fiducials in plac

XXXX XXXX 104 7-7.5 Gy x5 Proximal 1 cm 5 mm/3 mm 100% of Rx to Yes Cyberknife Every otherday| CTCAE

posterior cover 95% of fiducial-based v4.0
PTV tracking
Max:120-128%

XXXX XXXX 16 8Gyx5 Proximal 1 cm 5 mm/4 mm 100% of Rx to Yes Cyberknife Daily CTCAE
anterior and cover 95% of fiducial-based v3.0
posterior PTV tracking

Max: 200%

XXXX XXXX 45 7-7.25 Gy x 5 Proximal 1 cm 5 mm/3 mm 100% of Rx to Yes Cyberknife Daily RTOG

posterior cover 95% of fiducial-based
PTV tracking
Max: 117-121%
XXXX XXXX 28 7-75 Gy x5 Proximal 2.4 cm 5 mm/3 mm 95% of Rx to No Cone beam CT | Everyotherday| RTOG
posterior cover 98% of before treatment,
PTV no fiducials
Max 107%
XXX H** XXXX P9 8Gyx5 Proximal 1 cm 5 mm 100% of Rx to No Cone beam CT | Weekly CTCAE
cover 99% of before treatment. v3.0
Max: 107% CTV; 95% of Rx fiducials in place
to cover 99% of
PTV
XXX H** XXXX BO 8Gyx5 Proximal 1 cm 3 mm 100% of Rx to No Cone beam CT | Weekly CTCAE
cover 99% of before treatment, v3.0
Max: 107% CTV; 83% of Rx fiducials in place
to cover 99% of
PTV

XXXX XXXX 21 725Gy x5 Proximal 2 cm 3 mm/0 mm 100% of Rx to Yes Triggered Every otherday| CTCAE

posteriorly cover 95% of imaging every v3.0

Max: Unlimited

PTV

30° with a 2 mm
threshold,
fiducials in plac

*Full seminal vesicle coverage was pur sued if cT3b disease

**No patients had rectal spacersused

***No MRI fusion used to guide contour delineation




CTCAE, common terminology criteriafor adver se events, CT, computed tomography; CTV, clinical treatment volume; PTV, planning treatment volume; RX, prescription



Table 2. Clinical, Demographic, and Treatment Characteristics

Parameter

Distribution

Age (median, IQR)

72.3 (67-78.5)

Initial prostate specific antigen

Median, IQR 11 (7-21.3)
Mean (SD) 18.8 (25.9)
<10 146 (42%)
10-20 94 (27%)
>20 103 (30%)
T stage
T1 151 (45%)
T2 144 (43%)
T3a 25 (7%)
T3b 15 (4%)
T4 3 (1%)
Gleason grade group
1 25 (7%)
2 43 (12%)
3 38 (11%)
4 156 (45%)
5 82 (24%)
Androgen deprivation therapy
Use 248 (72%)
Duration (median, IQR 9 (9-18)
Nodal radiotherapy 66 (19%)
Dose per fraction
7 67 (19%)
7.5 124 (36%)
8 153 (44%)
Acute GU Grade>=2
Yes 44 (18%)
no 196 (82%)
Acute Gl Grade>=2
Yes 12 (5%)




no 228 (95%)
Late GU Grade>=2
Yes 64 (19%)
no 279 (81%)
Late Gl Grade>=2
Yes 32 (9%)
no 311 (91%)

IQR, interquartilerange




Table 3. Competing Risk Regression Analysisfor Predictorsof Biochemical Recurrence
and Distant M etastasis

Variable SHR (95% CiI) p-value
Biochemical Recurrence
Age at Treatmel (1-yr increase 1.04 (1-1.08) 0.067
Natural LogiPSA 1.42 (1.06-1.9) 0.021
Gleason Grade Grouy-5 vs -3 1.06 (0.57-1.97) 0.845
T3/4 (yes vs nc 0.5 (0.15-1.62) 0.245
Dose/Fractio (ref=8 Gy)
7 vs 8 Gy 2.15(1.07-4.32) 0.033
7.25vs 8 G 1.29 (0.64-2.6) 0.473
Distant M etastasis
Age at Treatmel 1.02 (0.97-1.08) 0.344
Natural Log iIPSA 1.2 (0.79-1.84) 0.39
Gleason Grade Grouj-5 vs -3 2.31(0.81-6.59) 0.118
T3/4 no vs yes 1.97 (0.6-6.4) 0.262
Dose/Fractio (ref=8 GY)
7 vs 8 Gy 1.37 (0.46-4.06) 0.566
7.25vs 8 G° 0.72 (0.27-1.97) 0.526

Cl, confidenceinterval; HR, hazard ratio; iPSA, initial prostate specific antigen



Table4. Multivariable L ogistic Regression for Late Grade>2 Toxicity

Variable | OR (95% ClI) | p-value
Genitourinary Toxicity
Age at Treatment (1-yr increase) 1.02 (0.98-1.06) 0.343
Dose/Fractio (ref=8 Gy)
7vs 8 Gy 0.18 (0.06-0.54) 0.002
7.25vs 8 Gy 0.25 (0.11-0.56) 0.001
ADT Use (yes vs no) 4.34 (1.68-11.2) 0.002
Nodal Radiotherapy (yes vs no) 1.53 (0.75-3.13) 0.243
Gastrointestinal Toxicity
Age at Treatment (1-yr increase) 0.98 (0.93-1.03) 0.475
Dose/Fractio (ref=8 Gy)
7vs 8 Gy 0.1 (0.02-0.54) 0.008
7.25vs 8 Gy 0.2 (0.07-0.57) 0.002
ADT Use (yes vs no) 0.11 (0.02-0.58) 0.009
Nodal Radiotherapy (yes vs no) 0.66 (0.28-1.59) 0.358

ADT, androgen deprivation therapy; ClI, confidenceinterval; OR, oddsratio
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