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Abstract

Purpose/Obijective(s)—To evaluate feasibility and safety of prostate stereotactic body
radiotherapy (SBRT) neoadjuvant to radical prostatectomy (RP) in a phase I trial. Primary
endpoint was treatment completion rate without severe acute surgical complications. Secondary
endpoints included patient-reported quality-of-life and physician-reported toxicities.
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Materials/Methods—~Patients with nonmetastatic high-risk or locally advanced prostate cancer
received 24 Gy in 3 fractions to the prostate and seminal vesicles over five days, completed two
weeks prior to RP. Patients with pN1 disease were treated following multi-disciplinary discussion
and shared decision-making. Patient-reported quality-of-life (I-PSS and EPIC-26 questionnaires)
and physician-reported toxicity (CTCAEv4.03) were assessed prior to SBRT, immediately before
surgery, and at 3-month intervals for one year.

Results—12 patients enrolled, 11 completed treatment (one had advanced disease on PSMA PET
after enrollment, before treatment). There were no significant surgical complications. After RP,
two patients underwent additional RT to nodes with androgen suppression for pN1 disease.
Median follow-up after completion of treatment was 20.1 months, with 9/11 patients having
follow-up greater than 12 months. Two patients had biochemical recurrence (PSA >= 0.05) within
the first 12 months, with an additional two patients found to having biochemical recurrence after
the 12-month period. Highest CTCAEV4 genitourinary grade was 0/1/2/3 (n=1/4/4/2) and highest
gastrointestinal grade was 0/1/2 (n=9/1/1). At 12 months, incontinence was the only grade =2
toxicity. One and two of nine patients had grade 2 or 3 incontinence, respectively. On EPIC-26,
mean/median changes in scores from baseline to 12 months were —32.8/-31.1 for urinary
incontinence, —1.6/-6.2 for urinary irritative/obstructive, —2.1/0 for bowel, —34.4/-37.5 for sexual
function, and —10.6/-2.5 for hormonal. Mean/median change in I-PSS score from baseline to 12
months was 0.5/0.5.

Conclusions—RP following neoadjuvant SBRT appears to be feasible and safe at the dose
tested. Severity of urinary incontinence may be higher than RP alone.

Introduction

Radiotherapy (RT) neoadjuvant to surgery is a standard-of-care for multiple cancers. Salvage
radiotherapy is standard-of-care for biochemically recurrent prostate cancer after radical
prostatectomy (RP). 1-3 RT neoadjuvant to RP has been evaluated in two prior trials. A Duke
University Phase | dose escalation trial studied 12 men receiving intensity-modulated
radiotherapy (39.6-54 Gy to prostate/SVs in 22—30 fractions with pelvic nodes treated up to
a maximal dose of 45 Gy) followed by prostatectomy.# No intraoperative morbidity was
observed. Acute toxicity was limited to Grade 1 (GU and Gl). Late toxicity, primarily GU,
was within the range expected for adjuvant post-operative RT. Another phase I trial from
University of Toronto studied 15 patients receiving preoperative RT to prostate (25 Gy in 5
consecutive daily fractions), utilizing conformal technique without image guidance.®
Patients in this study were found to have higher than expected urinary toxicity — including 2
patients (13.3%) with G2 toxicity and 6 patients (40%) with G3 toxicity.

Now a standard treatment option in NCCN guidelines for localized prostate cancer,®
ultrahypofractionation or stereotactic body radiotherapy (SBRT) utilizes image-guidance to
deliver a higher dose per fraction than possible by conventional techniques. SBRT offers
advantages including reduction in treatment duration, smaller irradiated volumes of normal
tissues, and possibly a biological advantage given the low alpha/beta ratio for prostate
cancer. Two recent trials of post-operative SBRT for prostate cancer have reported early
toxicity results.”-8

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 November 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parikh et al.

Page 3

Currently, three other registered trials are evaluating SBRT neoadjuvant to RP.9-11 The
primary endpoint of this Phase | study was treatment completion rate without severe acute
surgical complications, measured at 4 weeks post-surgery. Secondary endpoints were
patient-reported quality-of-life based on International Prostate Symptom Score (I-PSS) and
Expanded Prostate Cancer Index Composite-26 (EPIC-26) questionnaires, and physician-
reported toxicity based on Common Terminology Criteria for Adverse Events (CTCAE)
version 4.03.

Materials and Methods

Results

Men with biopsy-confirmed nonmetastatic unfavorable intermediate or higher prostate
adenocarcinoma were eligible for enrollment in our study, although all patients that enrolled
were found to be high-risk or locally advanced. Patients must have been medically fit, with
Karnofsky performance status >= 70, and willing and able to undergo prostatectomy. To
confirm absence of distant metastases, patients must have undergone CT scan or MRI of the
abdomen/pelvis within 120 days prior to registration, and bone scan within 120 days prior to
registration (if the bone scan was equivocal, a plain x-ray and/or MRI was obtained to rule
out metastasis prior to registration). Androgen deprivation therapy (ADT) was allowed but
only one patient was on ADT at time of RT and surgery.

Regarding radiation fractionation, 24 Gy in 3 fractions was delivered over five days,
completed two weeks prior to robot-assisted laparoscopic radical prostatectomy (RALRP).
This fractionation scheme was selected given its similar biologically effective dose (BED) to
bladder and rectum (a/p=3-4) when compared with 54 Gy in 30 fractions that was safely
delivered in the Duke University study,* while also delivering a similar BED as
conventionally fractionated post-operative radiotherapy a/f=1.5-2) to prostate tumor tissue.
Clinical target volume (CTV) was prostate, SVs, and any visible/suspected extraprostatic
extension. Planning treatment volume was CTV plus 5 mm. SBRT was delivered with
volumetric-modulated arc therapy (VMAT) involving four half-arcs; kV imaging was
performed prior to each half-arc with alignment to fiducials; cone-beam CT was performed
to verify bladder and rectal filling prior to treatment initiation. Organ at risk (OAR)
constraints were as previously described,12 scaled down to a prescription dose of 24 Gy.

Upon completion of surgery, patients with pN1 disease were treated following multi-
disciplinary discussion and shared decision-making with the patient. Patients were evaluated
pre-SBRT, immediately before surgery, and at 3-month intervals for one year. At each
evaluation, patients were evaluated by physician for toxicity and asked to complete 1-PSS
and EPIC-26 questionnaires.

Of 12 patients enrolled, one dropped out after PSMA PET/CT showed advanced disease.
The remaining 11 patients completed treatment with preoperative SBRT, followed by
RALRP (1/8/2 with no/unilateral/bilateral nerve-sparing, respectively) 14+/-3 days later.
Although MRI of the prostate was not required per protocol, all had pre-treatment prostate
MRI that was fused to CT simulation for planning.
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Average estimated blood loss was 218 cc (range 100-400 cc). Average operative time was
3.5 hours (range 3.0-4.5 hours). Patients were discharged on average 1.2 days after their
operative date (range 1.0-2.0 days). These parameters are similar to those reported for
RALRP alone.13-15 No significant acute surgical complications occurred. Notably, there
were no urethral anastomotic leaks or bowel injuries.

An overview of all treated patients — including preoperative stage, operative findings, and
post-operative management — is shown in Table 1. One patient was on ADT during SBRT
and surgery (1 month of leuprolide). After RALRP, two of the four patients with pN1
disease underwent RT+ADT to pelvic nodes; further treatment was deferred in one patient
because PSA remained undetectable and in another because of patient preference.

Median follow-up after completion of treatment is 20.1 months, with nine patients having
follow-up greater than 12 months. An overview of PSA follow-up and physician-reported
toxicity is shown in Table 2. Two patients (#3 and #9) were found to have biochemical
recurrence within the first 12 month of completing treatment. Patient #3 (pT3aNO0, Gleason
4+5, positive margins) was found to have a progressively rising PSA (max 1.8 ng/ml upon
completing treatment 22 months previously), with PSMA PET eventually revealing internal
iliac nodal involvement, but no local tumor. The patient subsequently underwent salvage
IMRT to pelvic LNs (plus boost to PSMA-avid disease) with ADT. Patient #9 (pT3bN1
whose adjuvant pelvic RT was deferred given concern about urinary incontinence) had a
gradually rising PSA to max of 0.27 ng/ml; PSMA PET done at that time, however, was
unrevealing. Two additional patients (both with pT3aNO, Gleason 4+4, negative margins)
were found to have minor elevations in PSA after the 12-month follow-up period: patient #1
with PSA of 0.05 ng/ml 36 months post-treatment and patient #4 with PSA 0.17 as of 22
months post-treatment.

Highest CTCAEV4 genitourinary toxicity at any time was grade 0 (n=1), grade 1 (n=4),
grade 2 (n=4), and grade 3 (n=2); highest gastrointestinal toxicity was grade 0 (n=9), grade 1
(n=1), and grade 2 (n=1). The patient with grade 2 gastrointestinal toxicity had rectal
bleeding after pelvic radiation for pN1, which resolved with argon plasma coagulation. Of
the nine patients evaluated at 12 months, one patient had Grade 2 incontinence and two
patients had Grade 3 incontinence. In both Grade 3 patients, placement of artificial urinary
sphincter [AUS] resolved incontinence. There were no other GU or GI Grade =2 toxicities at
12 months or later.

As shown in Figure 1, mean/median change in I-PSS score from baseline to 12 months was
0.5/0.5. Mean/median changes in EPIC-26 scores from baseline to 12 months were —32.8/-
31.1 for urinary incontinence, —1.6/-6.2 for urinary irritative/obstructive (UIO), —2.1/0 for
bowel, —34.4/-37.5 for sexual function, and —10.6/-2.5 for hormonal (Figure 2A). EPIC
scores of individual patients at 12 months (n=8) are shown in Figure 2B. Based on the
midpoint of previously-defined minimally important difference (MID) ranges,6 at 12
months, clinically-relevant changes were found in 6/5/2/6/4 of 8 patients for incontinence,
UIO, bowel, sexual, and hormonal toxicity, respectively.
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Discussion

Long-term efficacy and safety profile of neoadjuvant SBRT prior to RP requires longer
follow-up and a larger sample size. Short-term toxicity included expected reduced sexual
function and incontinence that may be more severe than RP alone given that two patients
underwent placement of AUS (one of whom, however, was morbidly obese - a known risk
factor for incontinence). Notably, 3 of 9 patients reported Grade 2 or higher incontinence at
12 months, similar to that found in the large prospective ProtecT trial where 26% of patients
who underwent RP had Grade 2 or higher incontinence at 12 months, although numbers in
the present trial are too low to draw definitive conclusions.1” While the rate of incontinence
may be higher than expected for surgery alone,18 the very high-risk population studied in
this trial is also more likely to require aggressive resection (only 2/11 patients receiving
bilateral nerve sparing surgery which has been shown to improve incontinence rates).19

When reported, results from the other ongoing neoadjuvant SBRT trials will enable further
assessments of this approach, although differences in dose may account for different
outcomes. Pending these results, future studies may explore combination neoadjuvant ADT/
SBRT strategies, or incorporation of PSMA PET imaging for treatment planning. In this
realm, postoperative SBRT to the prostate fossa is another area of active exploration, with
two Phase | dose-escalation trials recently published. A dose-escalation trial from USC
studied 24 patients (12 of whom received the highest dose, 7.1 Gy x 5 fractions), and with at
least 6 months of follow-up (median 14.1 months), 7/12 patients receiving the highest dose
were found to have Grade 2 Gl toxicity, although no patient was found to have grade >=3
GI/GU toxicity.” A dose-escalation trial from City of Hope studied escalating doses of five-
fraction SBRT to the prostate bed: 35 Gy (n=3), 40 Gy (n=8), and 45 Gy (n=15). In the
group receiving 45 Gy, grade 3 GU toxicity was found in 2/15 patients, grade 2 GU toxicity
was found in 4/15 patients, and grade 2 GI toxicity was found in 1/15 patient.®

Patients in the present neoadjuvant trial appeared to tolerate treatment more favorably
compared to patients from the University of Toronto Phase | study where 6/15 patients had
grade 3 toxicity and 2/14 patients had grade 2 GU toxicity.> Although follow-up was
considerably longer in this prior study (median follow-up 12.2 years), peak incidence of GU
toxicity was seen within 18 months. Other possible explanations for the difference in
toxicity between our study and the aforementioned trial include: RT technique (VMAT vs. 6-
field conformal technique), every other day fractionation instead of daily fractionation, and
surgical approach (RALRP vs. open retropubic RP).> Notably, both the prior Toronto trial
and this present trial are small.

Changes in EPIC-26 scores in this study were similar to those found in the EPIC scores in
RP patients from ProtecT1” and EPIC-26 scores from Barocas et al.2% All domains
(incontinencel/irritative/bowel/sexual) reported in those studies were within the 95%
confidence intervals of the present study (Figure 2A).
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SBRT two weeks neoadjuvant to RP appears to be feasible and safe at the dose tested. Acute

Ssu

rgical complications were not observed but the severity of urinary incontinence may be

higher than that for RP alone based on rates of AUS placement. We look forward to

co

mparisons with the results of the other ongoing neoadjuvant trials that use different dose

fractionations.
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Figure 1.
Patient-reported quality-of-life (1-PSS) before/after treatment. Error bars are 95% confidence

intervals.
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Figure 2A.
Patient-reported quality-of-life (EPIC-26) before/after treatment: urinary incontinence

(upper-left), urinary irritative/obstructive (upper-right), bowel (bottom-left), and sexual
(bottom-right). Error bars are 95% confidence intervals. Also plotted are EPIC-26 scores
from patients undergoing radical prostatectomy (RP) in Barocas et al.2? (red) and EPIC
scores from patients undergoing RP in ProtecT1/ (green).
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Figure 2B.

Radar chart plotting individual patient-reported quality-of-life (EPIC-26) scores (n=8) at 12
months after completion of treatment. Also shown is the average score (thick green line) and
95% confidence interval (area between dark blue and light blue shaded areas).
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