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Purpose: Long-term data regarding the disease control outcomes of proton beam
therapy (PBT) for patients with favorable risk intact prostate cancer (PC) are limited.
Herein, we report our institution’s long-term disease control outcomes in PC patients with
clinically localized disease who received PBT as primary treatment.

Methods: One hundred sixty-six favorable risk PC patients who received definitive PBT
to the prostate gland at our institution from 2010 to 2012 were retrospectively assessed.
The outcomes studied were biochemical failure-free survival (BFFS), biochemical failure,
local failure, regional failure, distant failure, PC-specific survival, and overall survival.
Patterns of failure were also analyzed. Multivariate Cox proportional hazards modeling
was used to estimate independent predictors of BFFS.

Results: The median length of follow-up was 8.3 years (range, 1.2—10.5 years). The
majority of patients had low-risk disease (58%, n =96), with a median age of 64 years at
the onset of treatment. Of 166 treated men, 13 (7.8%), 8 (4.8%), 2 (1.2%) patient(s)
experienced biochemical failure, local failure, regional failure, respectively. Regional
failure was seen in an obturator lymph node in 1 patient and the external iliac lymph
nodes in the other. None of the patients experienced distant failure. There were 5 (3.0%)
deaths, none of which were due to PC. The 5- and 8-year BFFS rate were 97% and 92%,
respectively. None of the clinical disease characteristics or treatment-related factors
assessed were associated with BFFS on multivariate Cox proportional hazards modeling
(all P> .05).

Conclusion: Disease control rates reported in our assessment of PBT were similar to
those reported in previous clinically localized intact PC analyses, which used intensity-
modulated radiotherapy, three-dimensional conformal radiotherapy, or radical prosta-
tectomy as definitive therapy. In addition, BFFS rates were similar, if not improved, to
previous PBT studies.
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INTRODUCTION

Despite the controversy and subsequent changes in prostate-specific antigen (PSA) screening recommendations, prostate
cancer (PC) remains the most common nonskin cancer diagnosis for males in the United States [1]. Approximately 40% of
newly diagnosed patients present with low-risk disease, which is defined as grade group 1, PSA less than 10 ng/mL, and
clinical stage T1c to T2a [2, 3]. A subset of these patients can be further stratified into very-low risk disease, which the National
Comprehensive Cancer Network defines as having clinical stage T1c, grade group 1, PSA less than 10 ng/mL, fewer than 3
prostate biopsy fragments/cores positive, less than 50% cancer in each fragment/core, and PSA density less than 0.15 ng/mL/
kg [4]. A growing body of evidence supports active surveillance (AS) as the preferred treatment option for patients with very
low-risk (VLR) and low-risk (LR) disease, with the benefit of avoiding treatment-related side effects for PC that is unlikely to
progress. Although still an option for favorable intermediate risk (FIR) patients, AS is not routinely recommended for all patients
in this cohort, as it may confer a higher rate of metastatic progression [5]. Furthermore, there remains a group of patients who
do not elect or are not ideal, reliable candidates for AS. Other established treatment options for favorable risk PC include
radical prostatectomy (RP) and brachytherapy, but a significant portion of patients are not clinically suitable, or wish to avoid,
these invasive procedures.

Evidence-based guidelines promote the use of external-beam (EB) radiotherapy (RT) as an equally effective and appealing
noninvasive option for primary, adjuvant, or salvage therapy for PC disease control. Long-term outcomes from the ProtecT
randomized, controlled trial show that RT and RP both decrease the risk of disease progression and distant metastasis
compared with AS in patients with localized PC [6]. Therefore, RT continues to be an efficacious therapy choice for patients
who do not opt for or are ineligible for AS or surgery.

EBRT has undergone numerous technologic advancements to more precisely target the tumor, while sparing nearby
organs. The current standard of care EBRT technique for treating PC is intensity-modulated RT (IMRT) [7, 8]. Proton beam
therapy (PBT) is a relatively newer form that is becoming increasingly available and applied. The unique, physical
characteristics of PBT may offer dosimetric advantages to nearby organs at risk, potentially decreasing the likelihood of
gastrointestinal or genitourinary adverse effects [9]. These toxicity studies have been thoroughly conducted. Several studies
have reported similar adverse event rates and quality-of-life outcomes among PC patients treated with PBT versus IMRT [10,
11]. In addition, multiple dosimetric modeling systems suggest that PBT may be superior to photon RT in reducing the
likelihood of secondary malignancies [12].

Although PBT has been used to treat PC for many years, there is a relative scarcity of published long-term data on disease
control outcomes and patterns of failure with more modern PBT techniques. Previous studies have demonstrated reasonable
disease control using combination photon-proton therapy, or PBT alone with lower dose constraints [13, 14]. However, long-
term disease control outcome data following high-dose PBT in PC patients with clinically localized disease remain limited. In
this analysis, we report long-term disease control outcomes and patterns of failure in patients with favorable risk disease
receiving primary PBT for PC control.

METHODS

Patient Selection

We conducted an institutional review board approved retrospective analysis of 166 PC patients with favorable risk disease
(VLR, LR, and FIR) who received PBT between January 2010 and December 2012. The patient population in this study has
been previously described in another publication, and are also currently enrolled in a prospective study on long-term toxicity
outcomes [10]. Patients treated after 2012 were not included to compare 8-year survival results with previously existing
literature [13,15]. All patients had histologically confirmed prostate adenocarcinoma, and any patients with metastatic
disease or pelvic lymph node (LN) involvement at diagnosis were excluded. All patients received PBT as their sole RT
modality.

Treatment Delivery

All patients were simulated and treated with endorectal balloons, using image-guided RT, optimization, and planning methods
as previously described [10]. The clinical target volume was defined as the whole prostate plus 1 cm of the proximal seminal
vesicles [16], and the planning target volume being defined as a 0.5-cm uniform expansion from the clinical target volume.

Specific dosimetric parameters to the target volumes, as well as to the bladder and rectum, can be found in Supplemental
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Table 1. Patients were placed in a supine position and treated with 2 parallel opposed fields (90° and 270°). A range correction
was added in the direction of each beam to ensure treatment robustness. Lateral margins were increased up to 1 cm during
the IMPT optimization process. All patients were prescribed 79.2 Gy (relative biological effectiveness [RBE] = 1.1) in 44
fractions to the clinical target volume. Elective nodal radiation was not delivered.

Clinical Assessment

The primary outcome measure in this study was biochemical failure—free survival (BFFS) based on initial risk groups in
patients undergoing PBT for favorable risk PC. Patients were retrospectively assessed for baseline characteristics and
clinical endpoints by the first author and confirmed by the second and senior authors. Serial measurements of PSA were
obtained every 3 months for the first 5 years after treatment, then every 6 months thereafter. BF was described according to
the Phoenix definition as a rise in prostate-specific antigen (PSA) of 2 ng/mL or greater above the patient’s post-RT nadir
[17]. Biochemical failure was followed up with pelvic computed tomography, prostate magnetic resonance imaging, and/or
technetium bone scan, guided by clinical evidence and the patient’s PSA levels. When feasible and if deemed to potentially
change clinical management, a prostate biopsy procedure was pursued to confirm recurrence. Local failure (LF) within the
prostate or seminal vesicles was described by a recurrence confirmed by either conventional imaging (computed
tomography or magnetic resonance imaging) and/or prostatic biopsy procedure. Regional failure (RF) was used to describe
metastasis to pelvic LN, and distant failure (DF) was used to describe all other distant nodal, bony, or solid organ
metastases. PC-specific survival (PCSS) and overall survival (OS) were also reported. All survival metrics were calculated
from start of RT.

Statistical Assessment

The Kaplan-Meier (KM) method was used to generated BFFS, LF, RF, DF, PCSS, and OS curves. Cox univariate and
multivariate analyses were conducted using SAS version 9.2. KM estimates and plots were created using GraphPad Prism 8
(GraphPad Software, San Diego, CA). All analyses were considered statistically significant if 2-tailed P values were less than a
type 1 error rate set at .05.

RESULTS

Baseline cohort characteristics are described in Table 1. The median age at the start of RT was 64 years (range, 42—82 years).
Per the institutional review board—approved protocol and typical fractionation that were in effect during that time, all patients
were prescribed a treatment dose of 79.2 GyRBE in 44 fractions. One hundred twenty patients (72%) received double-
scattering technique and 46 patients (28%) received non-double scattering technique, as it became available at our institution.
Patients in our cohort had VLR (n =45, 27%), LR (n =96, 58%), or FIR (n =25, 15%) [4]. The mean PSA at diagnosis was 5.1
ng/mL +=2.3 ng/mL and the mean PSA nadir after RT was 0.6 ng/mL =0.5 ng/mL (Figure 1A). The PSA nadir by risk group
was 0.6, 0.5, and 0.4 ng/mL for the VLR, LR, and FIR groups, respectively. The overall median time to PSA nadir after RT was
3.7 years (Figure 1B). Median times to PSA nadir were 4.5, 3.2, and 4.4 years for the VLR, LR, and FIR groups, respectively.
Two patients (1.2%) with FIR disease received concurrent ADT, with a median length of ADT of 6.5 months. The median
follow-up at the time of analysis was 8.3 years (range, 1.2—10.5 years).

Patterns of failure are reported in Table 2. BF occurred in 13 patients (7.8%) at a median of 5.8 years (range, 2.0-8.3 years)
from start of RT. Of BF events, 2 (4.4%) occurred in the VLR group, 9 (9.3%) occurred in the LR group, and 2 (8.0%) in the FIR
group. Of patients who experienced BF, LF within the prostate was found in 8 patients (4.8%) at a median of 6.3 years (range,
3.0-10.1 years) from start of RT. In all 8 patients, LF was initially detected in the treated prostate by magnetic resonance
imaging, and subsequently confirmed in 7 patients by needle biopsy procedure. RF was observed in 2 patients (1.2%), at a
median of 6.7 years from the start of RT as follows: 1 in an obturator LN and the other in the external iliac LNs. This was
diagnosed using fluciclovine positron-emission tomography/computed tomography. Both cases of RF occurred in patients with
LR disease. Of patients with LF, 3 (1.8%) underwent salvage RP and 2 (1.2%) received salvage brachytherapy, at a median of
7.5 years from start of PBT. Two patients experienced another BF postprostatectomy, with 1 progressing to RF in the external
iliac LNs. No incidences of DF were noted in this cohort. There were 5 (3.0%) deaths in this cohort over the study period, but
none were attributable to PC. The KM estimates for BFFS in the overall cohort and divided by risk group are shown in Figure
2. The 5- and 8-year BFFS rate were 97% (95% CIl 95%—-100%) and 92% (95% CI| 89%—-98%), respectively (Figure 2A). The
5- and 8-year BFFS divided by risk group was 98% (95% CIl 96%—100%) and 95% (95% CI 91%—100%) for the VLR group,
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Table 1. Proton therapy cohort baseline demographic, clinical, and treatment characteristics.

Variable Value
N 166

Race, n (%)

Non-white 30 (18)

Very low 45 (27)

Favorable intermediate 25 (15)

Proton modality, n (%)

Non-double scattering 46 (28)

Yes 2 (1)

Pre-RT ECOG performance status, n (%)

1 5 (3)

Abbreviations: IQR, interquartile range; RT, radiotherapy; PSA, prostate-specific antigen; SD, standard deviation; ADT, androgen
deprivation therapy; ECOG, Eastern Cooperative Oncology Group.

Percentages will not always total 100% due to rounding of decimals.

97% (95% Cl 94%—-100%) and 92% (95% Cl 87%—100%) for the LR group, and 96% (95% CI 93%—-100%) and 92% (95% CI
85%—100%) in the FIR group (Figure 2B). The 5- and 8-year OS for the entire cohort was 99% and 97%, respectively (Figure
3A). PCSS was 100% across all risk groups, as no patient deaths were attributable to PC (Figure 3A, 3B). Eight-year OS was
100%, 98%, and 95% in the VLR, LR, and FIR groups, respectively (Figure 3B).

A B
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o B
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Time to PSA Nadir (years)
# at Risk: 165 126 82 45 12 0 0

Figure 1. (A) Mean PSA at start of RT and mean PSA nadir after RT. (B) Median time to PSA nadir. Abbreviations: PSA, prostate-specific antigen; RT,
radiotherapy; SD, standard deviation; IQR, interquartile range.
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Table 2. Patterns of failure analysis.

Patients, Sites of failure
Clinical Outcome n/total (%) (n/total, %)
Biochemical failure 13/166 (8) N/A

Regional failure 2/166 (1)

Obturator LN 1/2 (50)

PC-specific mortality 0/166 (0) N/A

Abbreviations: LN, lymph node; N/A, not applicable; PC, prostate cancer.

A Cox regression was used to identify predictors of BFFS, such as age, race, risk group, pre-RT PSA, concurrent ADT, and
PBT modality. On univariate and multivariate analyses, none of the clinical disease characteristics or treatment related factors
studied were associated with BFFS (all P > .05) (Table 3).

DISCUSSION

In this report, we provide long-term disease control and patterns of failure results for the use of dose-escalated (79.2 GyRBE)
PBT with relatively modern techniques in the treatment of intact PC for a low- and intermediate-risk cohort, offering a unique
analysis evaluating 5 or more year outcomes following dose-escalated PBT in the intact PC population. At a median follow-up
of 8.3 years from start of PBT, we found BF, LF, RF, and DF rates of 7.8%, 4.8%, 1.1%, and 0.0%, respectively. KM analysis
showed favorable survival outcomes, with 5- and 8-year BFFS of 97% (95% CIl 95%—-100%) and 92% (95% CI| 89%—98%),
respectively, for the entire cohort. As expected, the survival outcomes were improved in the VLR cohort (5- and 8-year BFFS of
98% [95% CI 96%—100%] and 95% [95% Cl 91%—100%], respectively) compared with the LR (5- and 8-year BFFS of 97%
[95% CIl 94%—-100%] and 92% [95% CIl 87%-100%], respectively) and FIR (5- and 8-year BFFS of 96% [95% CI 93%—100%]
and 92% [95% CI 85%—100%] cohort, respectively). Of 8 patients who experienced LF, 5 underwent salvage therapies. Two
patients who underwent salvage RP experienced a second BF. Even among the patients in our study who ultimately
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D W
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- 754 = 75+
S X | - FIR
n | R
B 504 w50 |5.yr(98%), 8-yr (95%)
T8 L 4 |LR:
- @ r (97%), 8-yr (92%
25- |5-yr (97%) 25 '5:?;{_(97 6), 8-yr (92%)
K 0, . —t
q B O 1 |5-yr (96%), 8-yr (92%) ——
0 LI T N L S A O . 0 G L PR S M [
0 2 4 6 8 10 12 0 2 4 6 8 0 12
Time (years) Time (years)
#atRisk: 166 161 150 140 97 17 0 45 43 39 38 27 2 0
#atRisk: 96 93 89 81 56 13 0
25 25 24 23 15 2 0

Figure 2. (A) Kaplan-Meier estimates of BFFS for intact prostate cancer patients receiving PBT. (B) BFFS stratified by NCCN risk groups.
Abbreviations: BFFS, biochemical failure-free survival; NCCN, National Comprehensive Cancer Network; PBT, proton beam therapy; VLR, very low-
risk; LR, low-risk; FIR, favorable intermediate-risk.
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Figure 3. (A) Kaplan-Meier estimates of overall survival (red) and A 100 s - -ie 0S
PCSS (blue) for intact PC patients receiving PBT. (B) PCSS stratified ] - PCSS
by NCCN risk group. (C) OS stratified by NCCN risk group. T 75-
Abbreviations: NCCN, National Comprehensive Cancer Network; < ]
OS, overall survival; PBT, proton beam therapy; PC, prostate cancer; g
PCSS, prostate cancer—specific survival; VLR, very low-risk; LR, low- E 50 v
risk; FIR, favorable intermediate-risk. 5 25 5-yr. (99%), 8-yr (97%)
PCSS:
1 |5-yr (100%), 8-yr (100%)
o—T——T T T T
0 2 4 6 8 10 12
Time (years)
# at Risk: 166 161 153 146 105 18 0
166 161 153 146 105 18 0
B 100 TR T o M AT ... PR
- |R
—~ 754
§ | - FIR
P VLR:
3 50 [5-yr and 8-yr (100%)
LR:
& 5| |5yrand 8yr (100%)
| ES . P=099
-yr and 8-yr (100%)
O——T T 71 T T 1
0 2 4 6 8 10 12
Time (years)
45 43 40 39 29 3 0
# at Risk: 96 94 90 84 60 13 0
C
100 T ] — VLR
] - LR
75+
- FIR

1 [vr:
50 [5-yr (100%), 8-yr (100%)
LR:

0S (%)

25 |51 (99%), 8-yr (98%)
FIR:

5yr (100%), 8-yr (95%)

o S—

o 2 4 6 8 10 12

Time (years)

P=0.69

45 43 40 39 29 3 0
# at Risk: 96 94 90 84 60 13 0

experienced recurrences after their initial treatment, PBT alone provided a median of 7.5 progression-free years before
salvage therapy was initiated.

The BF rate observed in our cohort, 9% at a median of 8.3 years from start of PBT, aligns well with the failure rates reported
in previous photon RT studies [6,15,19]. Given its design, the ProtecT trial represents the highest level of evidence among
studies comparing PC control following RP, RT, or AS in a primarily low-risk cohort (78%) [6]. The ProtecT study found a BF
rate of 14% in their RT arm, which consisted of three-dimensional conformal RT (3DCRT) delivered to a dose of 74 GyRBE in
37 fractions, based on the guidelines set forth in the RTO1 trial [19, 20].

However, since enrollment in the ProtecT study ended, new evidence has suggested that dose-escalated RT improves
BFFS in both low- and intermediate-risk patients. The 2010 PROG 95-09 trial was conducted with a fixed 3D-CRT dose (50.4
GyRBE) boosted with either a conventional dose (70.2 GyRBE) or escalated dose (79.2 GyRBE) of protons [14]. The dose-
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Table 3. Univariate and multivariate cox regression analyses of predictors of BFFS.

UVA MVA

Characteristic HR (95% ClI) P value?® HR (95% CI) P value
Age at diagnosis, years (unit = 10 y) 0.89 (0.42-1.19) 77 0.86 (0.40-1.88) 71

White REF = REF =

Pre-RT PSA, ng/mL (unit = 5 ng/mL) 1.31 (0.42-4.08) 1.25 (0.40-3.85)

Very low REF = REF —

Favorable intermediate 1.71 (0.24-12.15) .59 1.92 (0.26-14.11) .52

No REF = REF =

Proton modality

Non-DS 1.68 (0.55-5.15) 1.72 (0.56-5.30)

0 REF = REF =

Abbreviations: BFFS, biochemical failure-free survival; UVA, univariate analysis; MVA, multivariate analysis; HR. hazard ratio; REF, reference; RT, radiotherapy; PSA, prostate-
specific antigen; ADT, androgen-deprivation therapy; DS, double-scattering; ECOG, Eastern Cooperative Oncology Group.

2All tests were 2-tailed, and statistical significance was set at a threshold P < .05.

escalated arm exhibited a significantly lower 10-year BF rate than the conventional dose arm (P < .001). In addition, the more
recent RTOG 0126 study released 10-year outcomes after a comparison of conventional dose (70.2 GyRBE) and dose-
escalated (79.2 GyRBE) 3DCRT or IMRT, which showed significantly lower BF rates in the high-dose arm (P < .001) [15]. The
PROG 95-09 trial reported a 10-year BF rate of 17.4% in their low-risk cohort treated with the escalated 79.2 GyRBE dose, and
then RTOG 0126 reported a 5-year BF rate of 13% in their 79.2 GyRBE arm [14,15]. Although it is difficult to make direct
comparisons between our data and these prospective studies, our data demonstrate that 79.2 GyRBE delivered using PBT
provides a reassuring level of biochemical control comparable to, if not better than, the same dose delivered via photon-based
approaches.

One of the earliest PBT studies was conducted at Loma Linda University, which provided initial support for the use of
lower dose (74 GyRBE) PBT in PC treatment [13]. Unlike our study, their results reflected a mixed cohort in which some
patients received combination photon-proton therapy and some who received PBT only. From this study, they reported 5-
and 8-year BFFS of 75% and 73%, respectively. The clinical outcomes presented in this paper closely align with the results
published in a large-scale retrospective PBT study done by Takagi et al [20], where majority of the study patients were
treated using the same dose (74 GyRBE) and fractionation protocol as the ProtecT trial. Their study demonstrated favorable
survival across all risk groups, with a 100% (95% CI, 100—100), 98.5% (95% ClI, 96.0-99.4), and 93% (95% CI, 89.4-95.4)
5-year BFFS in their VLR, LR, and FIR cohorts, respectively [21]. We report similar long-term BFFS results of 98% (95% CI
96%—100%), 97% (95% Cl 94%—-100%), and 96% (95% CIl 93%—100%) in the VLR, LR, and IFR risk groups, respectively,
using a dose escalated 79.2 GyRBE. Notably, the Takagi et al [20] paper described a higher incidence of BF in their younger
patients, particularly those older than 64 years. While unable to be directly compared, our VLR (median 63 years) and LR
(median 64 years) patients showed similar BFFS outcomes to the entire Takagi cohort [20], despite being younger on
average. Another retrospective study similar to ours was conducted at the University of Florida, where they reported a
similar 5-year BFFS of 99% in their low-risk PC patients, but using dose-escalated 78 GyRBE PBT [22]. A direct comparison
of the 5-year BFFS results reported in this study to other RT studies conducted in favorable risk prostate cancer patients can
be found in Supplemental Table 2.

In comparing the use of RT to other treatment options, the results of the ProtecT trial reported no significant differences in
progression-free survival between their RT (5174 person-years) and RP (5138 person-years) arms [6]. The ProtecT results
are echoed by 10-year follow-up data from a newly published, retrospective analysis of 1503 intermediate-risk PC patients.

Bao et al (2021), Int J Particle Ther 2
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With and without propensity score matching, nearly identical 10-year BFFS was observed between the RT and RP group
(unadjusted 58.0% prostatectomy vs 58.5% RT, adjusted 57.1% prostatectomy vs 57.0% RT) [23]. Both of these studies
used 3DCRT as the RT modality. To date, no randomized, controlled trial has directly studied the comparison between PBT,
RP, or AS. However, our PBT results yielded a favorable 8-year BFFS, thus PBT alone provides a reasonable alternative to
RP for PC patients who wish to avoid an invasive surgical procedure.

While we provide a long-term report of BFFS in PC patients with intact disease, a similar single-arm report of PBT in PC
patients has already demonstrated reasonable disease control in the postprostatectomy setting [24]. Furthermore, a
retrospective, case-matched analysis comparing PBT with IMRT after RP showed no significant differences in BF rates
between the 2 study groups, thus supporting comparable efficacy of the 2 modalities in treating PC in the postoperative setting
[25]. Our current data, considered in conjunction with the postprostatectomy PBT results, provide further support for the clinical
efficacy of PBT as a treatment modality for PC across a variety of settings.

Although gastrointestinal and genitourinary toxicity and RT dose to nearby organs at risk are important considerations in
PBT, this analysis was meant to focus on PC disease control. The initial toxicity outcomes in our cohort have previously been
published, and analysis of longer-term toxicities is planned for a future study [10]. In the initial report, on multivariate analysis,
there were no significant differences in acute or late gastrointestinal or genitourinary toxicities between PBT and IMRT, at a
median of 29 months of follow-up in the PBT arm. Taken together, PBT should be considered an effective and safe modality for
the treatment of intact PC, with reasonable long-term disease control outcomes reported in this analysis, and an initial toxicity
profile comparable to that of IMRT, as shown in the prior analysis.

This study has several important limitations. The data presented herein are retrospective, though all patients were treated
and seen at a single, large institution, thereby reducing the likelihood for information bias or variable recordkeeping. Cox
regression analysis was used to identify factors that might confound BFFS, but none of the characteristics were found to be
significant. One possible limitation was that the cohort was relatively uniform by design, and the relatively low number of
intermediate- and high-risk patients may have precluded observation of any statistically significant findings. Another notable
limitation is that practice patterns for low-risk prostate cancer patients have evolved since this study was initiated, and data
from studies, such as ProtecT and RTOG 0415, have further established the role of AS and moderate hypofractionation,
respectively [6,26]. Nonetheless, we believe that the long-term follow-up of our cohort still offers a useful perspective on PC
patients with favorable risk disease treated with an accepted standard of care at that time. Our report specifically provides
benchmark disease control outcome data on the use of PBT in this population, contributing data to the conversation when
counseling patients on their options, and for comparison with our moderately hypofractionated proton radiotherapy
experience [27]. Despite representing a considerably large cohort of PBT patients to come out of a single-treatment center,
the overall cohort size yields relatively small statistical power. Overall incidences of LF, RF, and DF events were relatively,
and not surprisingly, low; extended follow-up time with a larger cohort may reveal further clinically meaningful findings in
BFFS.

This report provides supportive evidence of the efficacy of PBT as an initial treatment for low- to intermediate-risk PC.
Future directions of study will include a case-matched, comparative analysis of long-term outcomes with PBT versus IMRT for
patients with PC with intact disease, and a review of late toxicities to update our initial toxicity report for this cohort. As we
eagerly await prospective, randomized data from the PARTIQoL (NCT01617161) and COMPPARE (NCT03561220) trials for
more definitive guidance on modality-based outcome differences, attempts to help build the evidence base continue [28, 29]. A
recent multicenter pooled analysis has evaluated toxicity differences between moderately fractionated PBT and IMRT [30].
Our analysis now offers further support that with continued close follow-up, PBT remains a safe and effective RT option for
treating intact PC in patients with long expected survivals, and thus long periods for manifesting both toxicity and disease
recurrence.

Conclusions

Our study represents a long-term analysis of BFFS, survival outcomes, and patterns of failure in PC patients treated with PBT
in a cohort with clinically localized disease. Comparisons to photon RT studies demonstrate that even with a predominantly
double-scattering technique, PBT offers similar PC disease control to modern photon therapies. Considered in the context of
other data demonstrating relatively low toxicity outcomes of PBT in both the intact and postprostatectomy setting, this report
further complements what is now a solid and growing evidence base for the long-term safety and efficacy of PBT for PC
patients.
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