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Abstract

Purpose—To report quality of life (QOL)/toxicity in men treated with proton beam therapy
(PBT) for localized prostate cancer and to compare outcomes between passively scattered proton
therapy (PSPT) and spot-scanning proton therapy (SSPT).

Methods and Materials—Men with localized prostate cancer enrolled on a prospective QOL
protocol with a minimum of 2 years follow-up were reviewed. Comparative groups were defined
by technique (PSPT vs. SSPT). Patients completed Expanded Prostate Cancer Index Composite
(EPIC) questionnaires at baseline and every 3-6 months after PBT. Clinically meaningful
differences in QOL were defined as =0.5 x baseline standard deviation. The cumulative incidence
of maodified RTOG grade =2 Gl or GU toxicity and argon plasma coagulation (APC) were
determined by the Kaplan-Meier method.

Results—226 men received PSPT and 65 SSPT. Both PSPT and SSPT resulted in statistically
significant changes in sexual, urinary, and bowel EPIC summary scores. Only bowel summary,
function, and bother resulted in clinically meaningful decrements beyond treatment completion.
The decrement in bowel QOL persisted through 24-month follow-up. Cumulative grade =2 GU
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and Gl toxicity at 24 months were 13.4% and 9.6%, respectively. There was one Grade 3 Gl
toxicity (PSPT group) and no other grade 3 or greater GI or GU toxicity. APC application was
infrequent (PSPT 4.4% vs. SSPT 1.5%; p = 0.21). No statistically significant differences were
appreciated between PSPT and SSPT regarding toxicity or QOL.

Conclusion—Both PSPT and SSPT confer low rates of grade = 2 GI or GU toxicity with
preservation of meaningful sexual and urinary QOL at 24 months. A modest, yet clinically
meaningful, decrement in bowel QOL was seen throughout follow-up. No toxicity or QOL
differences between PSPT and SSPT were identified. Long term comparative results in a larger
patient cohort are warranted.

Introduction

Due to unique dose deposition characteristics, proton beam therapy (PBT) was one of the
original methods for prostate cancer dose-escalation. Subsequently, multiple prospective
series established the safety and efficacy of this technology in men with localized prostate
cancer.(1-8)

There currently exist two predominant systems of PBT delivery: passively scattered proton
therapy (PSPT) and spot scanning proton therapy (SSPT). In prostate cancer, recent
comparative dose modeling studies demonstrated superior dose distribution to non-target
tissue in the low, medium, and high dose ranges with SSPT compared with intensity-
modulated radiation therapy (IMRT), and PSPT.(9-13) Although the collective experience
treating localized prostate cancer with PBT extends back several decades, the published
literature to date consists uniformly of men treated with PSPT. Within the next several
years, multiple proton centers are slated to open with SSPT capability. The purpose of the
current study is to report and compare early quality of life (QOL) and treatment toxicity in
men treated with PSPT and the newer SSPT for localized prostate cancer.

Methods and materials

Patients

Patients were enrolled on an institutional review board approved, prospective quality of life
trial at a single tertiary cancer center from 2006 through 2012. All patients provided written
informed consent for participation. Men with previously untreated, nonmetastatic prostate
cancer were eligible. The study group for this analysis consists of registered patients with a
minimum of 2-years follow-up.

Data Collection and Follow-Up

The Expanded Prostate Cancer Index Composite questionnaire (EPIC-50) was administered
prior to any treatment, at the conclusion of PBT, and at each follow-up evaluation.
Gastrointestinal (GI) and genitourinary (GU) toxicity was recorded using modified
Radiation Therapy Oncology Group toxicity criteria (see supplementary tables). Events that
occurred between follow-up visits were also captured.
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Treatment planning technique

All patients underwent computed tomography simulation. Ultrasound bladder volume
quantification, conventional leg and thigh immaobilization, and a gas-release endo-rectal
balloon were used for all simulations and proton treatments. Kilovoltage xray positioning
verification was used daily. The method of PBT delivery (PSPT vs. SSPT) was at the
discretion of the treating physician.

Both PSPT and SSPT consisted of opposed right and left lateral beam arrangements with
incident proton beam energies typically from 150-225 MeV. Both fields were treated daily.
The clinical target volume (CTV) was generally customized according to National
Comprehensive Cancer Network (NCCN) risk stratification as follows: low risk (prostate
only), intermediate-risk (prostate + proximal seminal vesicle), and high risk (prostate + full
seminal vesicle). For PSPT, an evaluation target volume (ETV) was applied as a 6
millimeter (mm) radial expansion of the CTV except posteriorly; where the margin was
limited to 5 mm. Proximal and distal margins were typically 9-12 mm based on the formula
popularized by Moyers et al.(14) For SSPT, a scanning target volume (STV) margin was
applied as follows: 12 mm laterally, 6 mm in all other dimensions except 5 mm posteriorly
to the CTV. The total prescribed dose was 76 Gy (RBE), delivered in 38 equivalent
fractions. The relative biological effectiveness correction factor for physical to biological
dose was 1.1. Treatment was designed to cover 100% of the CTV and >95% of the STV/
ETV. The intended total dose was prescribed to an isodose line above 95% for optimal
homogeneity.

Statistical Analysis

Baseline demographic and clinical characteristic differences were assessed with Fisher's
exact test and nonparametric Wilcoxon rank-sum tests. QOL was evaluated primarily as the
change over time from baseline stratified within each treatment group and across EPIC-50
domains of sexual function/bother, urinary incontinence, urinary obstruction/irritation,
urinary function/bother, and bowel function/bother. Scores for patient-reported outcomes, as
measured by EPIC-50, were calculated according to the instrument instructions.(15)
Resulting domain scores range from 0 to 100, with higher values representing more
favorable QOL.

To assess which QOL domains were affected over time by proton delivery system, we
evaluated the time profiles of EPIC-50 scores to assess whether the mean score changes
from baseline at each follow-up time point was different using a one-sample t-test.
Statistical significance was defined as a p-value <0.05. A clinically meaningful change in
quality of life was defined as a change from baseline to follow-up assessment that exceeded
one-half the standard deviation of the baseline value.(16) Mixed-effects repeated measures
regression modeling of demographic and clinical variables was used to identify associations
with EPIC-50 domain and sub-domain scores over time. A log-rank test was used to
compare incidence of Gl and GU toxicity, including the cumulative incidence of argon
plasma coagulation (APC) application for rectal bleeding. Analyses were performed with the
use of SAS 9.3 for Windows (SAS Institute Inc., Cary, NC).
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Table 1 shows baseline demographic and clinical characteristics. Two-hundred ninety one
patients were eligible for this analysis (226 treated with PSPT and 65 treated with SSPT).

Quality of Life—Mean EPIC-50 scores over time across bowel, sexual, and urinary
domains for patients treated with PSPT and SSPT are illustrated in Figures 1-3.

Bowel Domain

There were statistically significant changes in bowel quality of life in both the PSPT and
SSPT groups. Statistically significant changes from baseline in bowel function and bother
persisted through two-years of follow-up for both groups. The mean change from baseline in
bowel function for men treated with PSPT and SSPT at 2-years were —5.5 (p<0.001) and
-4.6 (p<0.001) respectively. The mean change from baseline in bowel bother for men
treated with PSPT and SSPT at 2-years were —7.7 (p<0.001) and -9.4 (p<0.001). In the
PSPT group, clinically meaningful changes from baseline in both bowel function and bother
were appreciated after 6-months. In the SSPT group, clinically meaningful decrements from
baseline bowel bother were found at all follow-up time points, with the exception of 6-
months. There were no clinically meaningful changes in bowel function in men treated with
SSPT. The overall magnitude of bowel function and bother decrement was relatively small
at each time-point (mean bowel function change —4.38; range —0.3 to —5.6; mean bowel
bother change —7.17; range —3.3 to —10.9). In comparison between PSPT and SSPT, there
were no statistically significant differences in bowel function or bother.

Sexual Domain

There were statistically significant changes from baseline in sexual function for both the
PSPT and SSPT groups. Statistically significant changes from baseline in sexual function
persisted through two years of follow-up for both groups. The mean change from baseline in
sexual function for the PSPT and SSPT groups at 24-months were —5.8 (p = 0.002) and
-11.9 (p < 0.001) respectively. For patients treated with PSPT, clinically significant
differences in sexual function were present at treatment completion (mean change -17.7; p =
0.012) with resolution at 6-month follow-up (mean change -5.1, p = 0.999). There were no
clinically meaningful changes in sexual function at any time point in the SSPT group. There
were statistically significant changes in sexual bother in the PSPT group, but not the SSPT
group. The mean change in sexual bother in the PSPT and SSPT groups at 24 months were
-8.5 (p = 0.001) and —7.4 (p = 0.084) respectively. There were no clinically meaningful
changes in sexual bother from baseline in either group. In comparison between PSPT and
SSPT, there were no significant differences in sexual function or bother. In consideration of
baseline differences between the treatment groups, mixed variable regression analysis was
performed inclusive of demographic, clinical, and treatment features. Only receipt of ADT
and older age predicted for worse sexual domain QOL.
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Urinary Domain

There were statistically significant changes from baseline in urinary function at the end of
treatment for both the PSPT (-7.8; p<0.001) and SSPT (-7.8; p<0.001) groups and also at
12-months for the PSPT group (-1.9; p = 0.009). No statistically significant changes from
baseline in urinary function were appreciated in either group after 12-months. The mean
change from baseline in urinary function at 24-months in the PSPT and SSPT were —0.9 (p
=0.112) and -0.3 (p = 0.783) respectively. In both the PSPT and SSPT groups, clinically
meaningful decrements in urinary function, bother, and irritation/obstruction were
appreciable at the end of treatment. However, no clinically meaningful differences were
appreciated in either group compared to baseline after treatment completion.

There were statistically significant changes from baseline in urinary bother at the end of
treatment for both the PSPT (-14; p<0.001) and SSPT (-12; p<0.001) groups. No
statistically significant worsening from baseline in urinary bother was appreciated in either
group after treatment completion with mean bother scores actually reflecting less bother
after therapy in both groups. The mean change from baseline in urinary bother at 24-months
in the PSPT and SSPT were +2.2 (p = 0.016) and +0.2 (p = 0.898) respectively.

With respect to specific urinary complaints measured by EPIC-50, there were no statistically
significant or clinically meaningful changes in urinary incontinence compared to baseline in
the SSPT group. However, in the PSPT group, a statistically significant, but not clinically
meaningful, change was appreciated at treatment conclusion (-2.7; p = 0.003) and 12-
months (-1.8; p = 0.046). The mean change from baseline in urinary incontinence at 24-
months in the PSPT and SSPT groups were —=1.3 (p = 0.118) and -1.7 (p = 0.377)
respectively. There were statistically significant changes in urinary irritation or obstruction
in both the PSPT (-15.3; p<0.001) and SSPT (-13.1; p <0.001) groups at the end of
treatment compared to baseline. Urinary irritation and obstruction resolved in both groups
by 6-months with mean urinary irritation or obstruction scores actually reflecting less
irritation or obstruction than baseline following treatment completion. The mean change
from baseline in urinary irritation or obstruction at 24-months in the PSPT and SSPT were
+2.0 (p = 0.006) and +0.9 (p = 0.575), respectively. No significant differences were seen in
urinary function, bother, incontinence, or obstruction/irritation between PSPT and SSPT.

Toxicity—The cumulative incidence of grade 2 or higher GU toxicity is illustrated in
Figure 4. For all patients, the cumulative incidence of grade 2 or greater GU toxicity by 24
months from treatment completion was 13.4% (95% CI1 9.4%-17.2%). No patient had grade
3 or higher GU toxicity. Nearly all GU toxicity occurred within the first 12 months of
treatment. There were no significant differences in the 24 month cumulative incidence of
grade 2 or greater GU toxicity for patients treated with PSPT (14.2%) versus SSPT 10.8% (p
= 0.449).

The cumulative incidence of grade 2 or higher Gl toxicity is illustrated in Figure 5. For all
patients, the cumulative incidence of grade 2 or greater Gl toxicity by 24 months from
treatment completion was 9.6% (95% CI 6.2%-12.9%). There was one patient with grade 3
Gl toxicity (PSPT group). There was no grade 4 or higher GI toxicity. All Gl toxicity
occurred at a minimum of 6-months after treatment. There were no significant differences in
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the 24 month cumulative incidence of grade 2 or greater Gl toxicity for patients treated with
PSPT (10.2%) versus SSPT 7.7% (p = 0.560).

For all patients, the cumulative incidence of APC by 24 months from treatment completion
was 3.8% (95% ClI 1.6%-5.9%). Men treated with PSPT received APC for rectal bleeding
more often than men treated with SSPT, however, this difference failed to reach statistical
significance (PSPT 4.4% vs. SSPT 1.5%; p = 0.213).

Discussion

QOL

In this analysis of a prospectively assessed cohort of men with localized prostate cancer,
PBT resulted in low cumulative incidence of grade = 2 GI or GU toxicity with clinically
modest effects on sexual, bowel, and urinary QOL. To our knowledge, this is the first report
of toxicity and patient reported QOL in a cohort of men treated with SSPT for localized
prostate cancer. The current study failed to demonstrate a difference in toxicity or QOL
between PSPT and SSPT.

Our findings using EPIC-50 are consistent with and additive to previously published patient
reported QOL outcome studies after high dose PBT for prostate cancer. A recent publication
by Gray et al.(17) reviewed patient reported QOL following 3-dimensional conformal
radiotherapy (3DCRT), IMRT, or PBT. The Prostate Cancer Symptom Indices (PCSI) scale,
an instrument similar to the EPIC-50, was used for domain specific QOL assessment of men
treated with PBT.(18) Score adjustments were performed in order to scale the PCSI from
0-100. A clinically meaningful decrement in bowel QOL was appreciated at 12 and 24
months across all modalities. The mean bowel score change from baseline at 12 and 24
months for men treated with PBT was —6.4 and —3.7 respectively. Interestingly, men who
were treated with 3DCRT and IMRT reported a clinically meaningful decrement in bowel
QOL at initial follow-up (~3-months), while men treated with PBT did not. The hypotheses
that PBT might improve bowel QOL compared to IMRT is currently being tested in a multi-
institutional randomized trial (NCT01617161). In the same study by Gray et al., men treated
with PBT experienced a clinically meaningful decrement in urinary irritation/obstruction 12-
months following treatment completion (mean change from baseline — 6), however, the
urinary QOL differences had resolved by 24-months (mean change from baseline —2.3).
Although direct comparisons between different QOL instruments should be made
cautiously, our results are consistent with those reported by Gray et al. including the finding
of modest bowel QOL impact within the first several months following treatment.

The University of Florida recently reported QOL outcomes using the EPIC questionnaire in
262 men < 60 years old treated with definitive PSPT with median 24 month follow-up.(19)
The change in urinary, bowel, and sexual summary score from baseline at 24-months were
-3.1, -4.8, and —12.6 respectively. Using the conventional definition of 0.5 multiplied by
the baseline standard definition, only bowel QOL decrement was clinically meaningful. Our
findings support those of Hoppe et al. as we did not appreciate clinically meaningful
differences from baseline in urinary or sexual function or bother at 24-months following

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2014 December 01.
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treatment, but we did detect clinically meaningful decrements in bowel function and bother
after 6-month follow-up in men treated with either PSPT or SSPT.

We report a cumulative incidence of 13.4% grade = 2 GU and 9.6% grade > 2 Gl toxicity
with limited grade 3 or greater GI/GU toxicity. Our findings are consistent with other
contemporary North American series.

The University of Florida presented their early results of 212 patients treated according to
one of three prospective trials with all patients having a minimum follow-up of two years.
(8). Treatments were prescribed as follows: 78 Gy (RBE) (low-risk), 78-82 Gy (RBE)
(intermediate risk), and 78 Gy (RBE) with concomitant taxotere followed by androgen
deprivation (high risk). The incidence of grade > 3 GU toxicity was 1.9% and the incidence
of grade =3 Gl toxicity was <0.5%. The rates of grade = 2 GU and Gl toxicity were 24% and
4% respectively. Our series compares favorably to prior series and is the first series to
include patients treated with SSPT.

A particularly interesting finding in our comparison between PSPT and SSPT is the relative
cumulative incidence of APC favoring SSPT. The volume of rectum receiving 70 Gy or
more (rectal VV70) is a validated predictor of bowel toxicity.(20-22) SSPT allows significant
improvement in the dose given to the rectum compared to PSPT without compromising
target coverage.(13) The achievable mean rectal V70 was lower using SSPT compared to
PSPT (7.5% vs. 13.3%; p <0.01). Moreover, the improved dosimetic profile of SSPT was
consistent across low, intermediate, and high dose levels. In consideration of these
differences, one might expect to appreciate differences in bowel QOL, Gl toxicity, and
incidence of APC between PSPT and SSPT. Although bowel function, grade = 2 Gl toxicity,
and cumulative incidence of APC favored SSPT, these differences were not statistically
significant. The relatively small patient numbers, low incidence of toxic events, and modest
absolute decline in bowel QOL regardless of PBT technique likely compromised our ability
to identify potential differences between PSPT and SSPT. The relatively favorably bowel
profile and lower cumulative incidence of APC in men treated with SSPT is consistent with
expectations derived from dose modeling studies and thus requires further evaluation in a
larger patient cohort.

The current analysis has several limitations: 1) considering this report is a preliminary subset
analysis of a prospective trial, comparative assessments between PSPT and SSPT were not
specifically considered in the statistical design. Consequently, our power toward detecting
differences in QOL or toxicity between PBT techniques is likely limited. In addition,
baseline differences between men treated with PSPT and SSPT, has the potential to skew
interpretation of comparative QOL and/or toxicity results. It is the authors’ impression that
these imbalances have little to no impact on the conclusions offered here. 2) Men treated
with SSPT in this analysis were some of the first patients treated with this technique at our
institution and in North America. One might expect a “learning curve” effect with
application of a new modality. We do not believe either of these limitations hinders
interpretation of the data presented. Furthermore, long-term follow-up in this patient cohort
should counter-balance these limitations.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2014 December 01.
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Conclusions

PBT for localized prostate cancer conferred low rates of grade = 2 GI or GU toxicity without
clinically meaningful changes from baseline sexual or urinary QOL after treatment
completion. A modest, but clinically meaningful decrement in bowel QOL was appreciated
throughout 24-month follow-up. Although no significant differences in toxicity or QOL
were appreciated in comparison between SSPT and PSPT, the overall profile including the
cumulative incidence of APC favored SSPT. Future comparative analyses between SSPT
and PSPT are warranted in a larger cohort.
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Refer to Web version on PubMed Central for supplementary material.
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therapy (SSPT) for localized prostate cancer (*statistically significant and ~clinically
meaningful decline from baseline).

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2014 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Pugh et al.

Sexual Summary PSPT

100+
80+
o
3
0 60+
& * * *
404 .
n:195 174 173 172 219
20 T T T 1
0 6 12 18 24
Time (Months)
Sexual Function PSPT
100+
80+
o
3
g .
u' .
w * * *
40-\/f
*A
n:189 162 164 162 203
20 T T T 1
0 6 12 18 24
Time (Months)
Sexual Bother PSPT
100+
80+
e
& o\ =
o 60+ p 2 .
E *
Wi
40~
n:193 176 172 172 218
20 T T T 1
0 6 12 18 24
Time (Months)
Figure 2.

EPIC Score

EPIC Score

EPIC Score

Page 12

Sexual Summary SSPT

100~
80+
604
40+ % *
n57 45 53 45 60
20 T LI L L
0 6 12 18 24
Time (Months)
Sexual Function SSPT
100~
80
60~
ns6 42 50 45 57
20 T T T 1
0 6 12 18 24
Time (Months)
Sexual Bother SSPT
100
80~
6! s \______—o
40+
ns6 44 51 46 61
20 T T T 1
0 6 12 18 24
Time (Months)

Sexual domain quality of life after passively scattered (PSPT) and spot-scanning proton
therapy (SSPT) for localized prostate cancer (*statistically significant and ~clinically
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Table 1

Demographics and Clinical Characteristics

| PSPT (n =226) | SSPT (n =65) | p-value
Mean age at diagnosis in years (range) | 63 (47-82) | 66 (50-83) | 0.01
Race (no. %)
White 205 (91) 58 (89)
Black 9(4) 2(3)
0.04
Hispanic 8 (4) 0(0)
Asian 3(1) 3(5)
Other 1(<1) 2(3)
NCCN Risk Group (no. %)
Low 88 (39) 32 (49)
0.05
Intermediate 138 (61) 32 (49)
High 0(0) 1(2)
Median PSA in ng/ml (Range) 4.5 (0.1-18.6) 4.8 (0.3-19.2) 0.18
T-stage (no. %)
Tib 1(<1) 0(0)
Tlc 167 (74) 52 (80)
0.85
T2a 40 (18) 10 (15)
T2b 17 (8) 3(5)
T2c 2 (<1) 0(0)
Gleason score (no. %)
6 90 (40) 34 (52)
0.03
7 136 (60) 30 (46)
8 0(0) 1(2)
Hormone Therapy (no. %)
No 130 (58) 54 (83) <0.001
Yes 96 (42) 11 (17)
Anti-coagulant medications (no. %)
No 129 (57) 32 (49) 0.32
Yes 97 (43) 33 (51)
Hemorrhoids
No 139 (62) 40 (63) 0.99
Yes 87 (39) 25 (37)
Median Serum Testosterone in ng/dl (Range) | 358 (6-893) 326 (50-650) 0.29

Abbreviations: no. = number, NCCN = national comprehensive cancer network, PSA = prostate specific antigen, PSPT = passive scattering proton
therapy, SSPT = spot scanning proton therapy
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