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Abstract

Objective—This multi-institutional phase I/11 trial explored patient-assessed tolerance of
increasingly hypofractionated (HPFX) radiation for low/intermediate risk prostate cancer.

Methods—347 patients enrolled from 2002-2010. Three increasing dose-per-fraction schedules
of 64.7 Gy/22 fx, 58.08 Gy/16 fx and 51.6 Gy/12 fx were each designed to yield equivalent
predicted late toxicity. Three quality of life (QoL) surveys were administered prior to treatment
and annually up to 3 years.

Results—Bowel QoL data at 3 years revealed no significant difference among regimens
(p=0.469). Bowel QoL for all regimens declined transiently, largely recovering by three years,
with only the 22 fraction decrement reaching significance. Bladder outcomes at 3-years were
comparable (p=0.343) although, for all patients combined, a significant decline was observed from
baseline (p=0.008). Spitzer quality of life data revealed similarly excellent, 3-year means
(p=0.188). International erectile function data also revealed no significant differences at 3 years
although all measures except intercourse satisfaction worsened post-treatment.

Conclusions—Three-year QoL changes for bowel, bladder and SQLI were modest and similar
for 3 HPFX regimens spanning 2.94-4.3 Gy per fraction. These favorable patient-scored outcomes
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demonstrate the safety and tolerability of such regimens and may be leveraged to support further
implementation of mild to moderately hypofractionated radiotherapy in the setting of low and
intermediate-risk prostate cancer

INTRODUCTION

As many patients with low and intermediate risk prostate cancer are expected to experience
long-term survival, quality of life (QoL) outcomes are of substantial clinical significance.
Emphasis on QoL endpoints has emerged as an important driving factor in trial design and
individualized treatment selection. Currently, a number of patient reported QoL
questionnaires are available to assess genitourinary, gastrointestinal and sexual endpoints
and increasingly more quality of life data is becoming available.[1-3] While increased
interest in hypofractionated treatment regimens for prostate cancer has led to trials testing
efficacy, currently there is limited patient reported QoL data to support regimen safety.[1-7]

A number of phase I/I1 and Il clinical studies have and are currently investigating safety,
quality of life and biochemical control outcomes in the setting of hypofractionated treatment
for prostate cancer.[8] While the likely low alpha/beta value has been a nidus for exploration
of hypofractionation, technological advances have further supported the implementation of
such schedules via improved conformality, image guidance and position reproducibility. In
addition to a potentially improved therapeutic ratio, shortened treatments increase patient
convenience, produce fewer disruptions of daily life and reduce the the financial and
psychological burden of daily treatments of extended duration.

In an attempt to assess the patient tolerance of increasingly hypofractionated treatment
schedules, we designed a phase I/11 trial testing increasing dose-per-fraction
regimens(NCT00214097). These fractionation schedules were designed to yield equivalent
predicted late toxicity, with EQD2 doses of 75-77 Gy, assuming an alpha/beta ratio of 3 Gy
for late effects. Here we report on quality of life (QoL) outcomes utilizing three validated
questionnaires, Fox Chase Bowel/Bladder Toxicity, the Spitzer Quality of Life Index (SQLI)
and the International Index of Erectile Function (IIEF). [9-11]

MATERIALS AND METHODS

From 2002 to 2010, 347 patients were enrolled across five institutions. Institutional IRB
approval was obtained and all patients were appropriately consented. The design of this trial
included a step-wise sequentially more hypofractionated treatment regimen implemented
with rectal bleeding at 2 years as the rate-limiting step for fraction size escalation. A
prorated design [12] assumed that 2 patients followed for one year was equivalent to one
patient followed for 2 years, based upon an approximately linear cumulative incidence of
rectal bleeding seen over the initial two years of post-treatment follow-up in other studies.
[13] This reduced needed follow-up between escalation steps. There was also a nested
fraction-per-week escalation (or deescalation) within each step in order to adjust as
necessary based upon acute toxicities. Each hypofractionated level was initiated at four
fractions-per-week and increased to five fractions-per-week only after thirty patients were
found not to have experienced excess acute toxicity. Escalation was permitted only after
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fifty patient years of follow-up with acceptable rectal bleeding rates. The hypofractionation
levels in this study were: level I, 64.7 Gy in 22 fractions of 2.94 Gy; level 11, 58.08 Gy in 16
fractions of 3.63 Gy and level 111, 51.6 Gy in 12 fractions of 4.3 Gy. Patients were treated to
the prostate = seminal vesicles utilizing intensity modulated radiotherapy (IMRT) with daily
image guidance (see supplementary section for further details).

Statistical Analysis

RESULTS

QoL measures were obtained utilizing three separate instruments assessed at baseline, 12, 24
and 36 months after treatment. The Fox Chase Bowel/Bladder survey was divided into two
sections: Bowel (questions 1 to 14, N=14) and Bladder (questions 19, and 21 to 30, N=11).
To facilitate analysis, Bowel and Bladder scores for each section were rescaled to a total
score of between 0 — 100, where higher scores indicated better QoL. The standard scoring
mechanism was used for IIEF, where the QoL items corresponded to the following domains:
erectile function (score range 1-30), orgasmic function (score range 0-10), sexual desire
(score range 2-10), intercourse satisfaction (score range 0-15), and overall satisfaction
(score range 2-10). Standard scoring was also used for the SQLI survey (score range 0-10).
Unavailable QoL questionnaire rates ranged between 7-10%, 20-23% and 41-44% at 1, 2
and 3 years respectively for the IIEF, bowel/bladder and SQLI assessments and were similar
for each of the 3 fractionation arms. All mean scores were adjusted for missing data. The
missing data for questionnaires were handled by weighted mean imputation. Cases with
more than half of the total questions missing were not included.

QoL scores were summarized using mean and standard deviation (SD) for the 22, 16, and 12
treatment hypofractionation levels at the different time periods. Analysis of covariance
(ANCOVA) was used to study the changes in QoL scores from baseline to year 3 for each
hypofractionation levels. This model evaluated whether the mean QoL scores at year 3
(dependent variable) were equal across the three treatment levels of the categorical variable
hypofractionation (independent variable), while controlling for baseline scores (covariate).

All analyses were performed using the procedure PROC GLM from SAS/STAT software
(ver 9.3) and plots were created using the ggplot2 package in R (ver 3.0.3).

Patient and Treatment Characteristics

This phase I/11 trial included 347 men with low and intermediate risk (including 6 high risk)
prostate cancer according to D’ Amico classification.[14] The median age of men was 68
(range: 45 — 85 years). Median PSA was 6.3 ng/ml with Gleason scores ranging from 4-7
(table 1). The majority of patients classified as intermediate risk were due to Gleason 3 + 4
disease. Clinical stage ranged from T1c — T2c. Fifty-eight (17%) men received androgen
deprivation therapy of 6 months duration (table 1). All patient characteristics and risk
categories were evenly matched across fractionation groups (table 1). Treatment planning
rectal dose constraints were adjusted by fractionation level (Table 2) and compliance rates in
this prospective trial were very high at 94%, with only minor deviations in the remainder.
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Fox Chase Bowel/Bladder Toxicity Outcomes

Fox Chase Bowel/Bladder Toxicity questionnaire assessing bowel and bladder function
were recorded at baseline and 1-3 years post treatment. Bowel quality of life outcomes
across 22, 16, and 12 fraction schedules declined modestly and transiently and were
comparable at 3 years with scores of 86.3, 87.7, and 85.4 respectively, out of a maximum
100 (p=0.469) (figure 1A, table 3). Similarly, bladder outcomes at 3-years were comparable
at 79.5, 82.5 and 81.1 out of 100 (p=0.343) (figure 1B; table 3)). Differences in mean bowel/
bladder function were compared at 3 years relative to baseline (table 3). Bowel QoL at three
years was not significantly different from baseline among 16 and 12 fraction patients
(p=0.622 and p=0.141 respectively), while a small but statistically significant QoL decrease
was observed within the 22 fraction group relative to baseline (p=0.013) (table 3). For
bladder QoL, small baseline to 3-year score decreases were similar and non significant
across the 22, 16 and 12 fraction regimens (p=0.058, 0.337, 0.281, respectively) (table 3).
When all bladder QoL arms were combined, however, a small but significant decline in QoL
overall from baseline to 3 years was observed for bladder (table 3).

Physician scored Gl and GU toxicities were also not significantly different for the 3
fractionation levels at 3 years (figure 1C and D) p = 0.380 (Gl tox) and p=0.974 (GU tox).
However, while comparison of 3-year versus baseline Gl toxicity scores (using a Fox Chase-
LENT rectal toxicity scale) revealed no significant change (figure 1C) (p = 1.0; NA and
0.055) for the 22,16 and 12 fraction patients, consistent with the patient-ecorded QoL results
(figure 1A), this was not the case however for physician-scored grade 2+ GU toxicities,
which were scored higher at 3 years than at pretreatment baseline (figure 1D) (p =0.007,
0.011 and <0.001), in contrast to the similar 3-year and baseline outcomes found for GU
QoL (figure 1B). Inspection of the physician-scored data reveals a likely explanation, in that
16.7% of the all-patient average 17.2% GU grade 2+ toxicity was at the grade 2 level and
8.2% out of this 16.7% was related to continued alpha blocker use at 3 years, with alpha
blocker use scored as a grade 2 toxicity in the modified CTCAE v3 GU scoring system that
was used. Thus, the relatively low level of GU QoL issues reported by patients at 3 years
may at least in part relate to the effectiveness of alpha blockers for symptom management.

A detailed analysis of changes in response over time to each individual bowel and bladder
QoL question is presented in supplementary tables 1 and 3. These tables are included to
provide more detail on the data collected, with no adjustments made for multiple
comparisons.

International Index of Erectile Function

The international index of erectile function (IIEF) is composed of 15 questions utilizing a
numerical scale of 1-5 and was administered at baseline, and 1-3 years following the
completion of therapy. Comparison of 3-year adjusted scores for erectile function (p=0.07),
orgasmic function (p=0.078), sexual desire (p=0.231), intercourse satisfaction (p=0.354) and
overall satisfaction (p=0.191) were not significantly different between fractionation
regimens (supplementary table 2). Overall, when combined, the total group experienced a
decline in erectile function from baseline to year three (table 3). Also, all IEF measures
except intercourse satisfaction did decline post-treatment when individually compared to
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baseline (erectile function: p=0.002, orgasmic function: p=0.002, sexual desire: p=0.011,
intercourse satisfaction: p=0.191, and overall satisfaction: <0.0001) (supplementary table 4).
A detailed listing of changes in responses over time to individual 1IEF questions is presented
in supplementary table 5.

Spitzer Quality of Life Outcomes

The Spitzer quality of life index (SQLI) is composed of five items (activity, daily living,
health, support, outlook) scored utilizing a numerical scale of 0-2 and was recorded at
baseline and 1-3 years following the completion of therapy. The numerical range for
responses per time point evaluated were 0 — 10, with 10 demonstrating no appreciable
deficits in any of the 5 categories assessed. The reported SQLI scores at baseline were, 9.7 +
0.7,9.4+1.2and 9.5+ 1.4 in the 22, 16 and 12 fraction arms respectively. At three years of
follow-up the SQLI scores were not different, being 9.5+ 1.4,9.8 0.4 and 9.5 + 1.4 in the
22 (p=0.081), 16 (p=0.482), and 12 (p=0.080) fraction arms respectively. Comparison of
baseline values between fractionation schedules and at 3 years follow-up among treatment
arms demonstrated no significant difference in SQLI outcomes (p=0.188) (figure 2).
Differences in mean SQLI between treatment arms were also compared at 3 years with
normalization for baseline. The differences between 3 year mean recorded scores were
compared with no significant difference between fractionation regimens (table 4).

DISCUSSION

Initially spurred by estimates of Hall and Brenner suggesting that prostate cancer possessed
an alpha/beta value of around 1.5, hypofractionation has become and continues to be a
subject of investigation.[15] Most subsequent studies have estimated alpha/beta values to be
in the range of 1.2 — 4.0 with much data supporting values close to 1.5, although with
considerable associated uncertainty.[16—20] In contrast, linear quadratic modeling studies
for rectal and other late normal tissue toxicities, have suggested higher alpha/beta ratios
generally in the 2—4 range, implying the potential for therapeutic ratio gain from larger
fraction sizes.[21, 22] This potential for therapeutic gain, coupled with the convenience and
probable cost benefits of hypofractionation, have led to numerous hypofractionation studies.
[6, 23-26] A number of such studies have investigated a range of 5-28 fractions delivered
over 2 — 5.5 wks.

Data has become increasingly available regarding biochemical control and physician scored
toxicities. [4, 6, 23-26], indicating acceptable tumor control and generally minimal
differences in long-term physician-scored toxicity between conventionally fractionated and
hypofractionated regimens. [27-30]

However, in contrast, mature patient-reported outcomes (PROs) for moderate
hypofractionation remains more limited. Certainly, ongoing phase 111 randomized control
studies including RTOG 0415 (NCT00331773), the Medical Research Council study by
Dearnaley et al. [31] and the Ontario Clinical Oncology Group’s PROFIT Trial
(NCT00304759) will in the future contribute substantial, high quality QoL information, but
are not yet available in published form. Intermediate and long-term quality of life outcome
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assessments are particularly essential in prostate cancer patients, given the expectation that
many will experience extended survival.

Among studies that are available, Norkus et al reported on very short term QoL outcomes
from 124 patients treated with a moderately hypofractionated regimen of 63 Gy in 20
fractions of 3.15 Gy. EPIC questionnaires were utilized to assess bowel and bladder
outcomes and demonstrated no significant differences among mean values at 3 months.[4]
Note was made of initial QoL decline which was greater in the hypofractionated arm at 1
month, with however more rapid recovery by month three.

Jereczek-Fossa et al reported on longer-term QoL data from a prospective cohort of 337
patients treated with a moderately hypofractionated regimen of 70.2 Gy in 26 fractions of
2.7 Gy.[5] Here erectile function, urinary, bowel and overall QoL were assessed through
utilization of the IIEF-5, International Prostate Symptom Score and EORTC cancer specific
QLQ-PR25 and QLQ-C30 at baseline, 6, 12, and 24 months. No significant changes were
noted with regard to urinary or prostate symptom score QoL metrics. Slight deterioration in
bowel QoL was noted (p=0.02) as well as in erectile function in those patients not receiving
androgen deprivation therapy (p=0.002) at last follow-up. Further data from Pervez et al [2]
reported on outcomes from 60 patients with high-risk prostate cancer treated with 68 Gy in
2.72 Gy fractions to the prostate and 45 Gy in 1.8 Gy fractions delivered to the whole pelvis,
all administered with androgen suppression. Here the authors demonstrated a significant
decline in bowel and sexual QoL metrics at 6 months, which did improve but not return to
baseline at 24 months. Urinary QoL was not statistically affected at last follow-up.

Focusing on randomized trials, Yeoh et al [30], in the Adelaide trial, have demonstrated the
tolerability of 55 Gy in 20 fractions of 2.75 Gy (EQD2 = 63.2 Gy in comparison to that of
conventionally fractionated 64 Gy in 32 fractions of 2 Gy. This study compared these
fractionation regimens in 217 individuals and found similar GI/GU toxicity using the LENT-
SOMA and a GI questionnaire at 60 months of follow-up, consistent with the similar
effective doses in the two arms.

The CHHIP trial [31], which compared 74 Gy in 37 fractions to either 57 or 60 Gy in 19 or
20 fractions, has now reported early PRO data [32]. The included PRO substudy enrolled
2100 patients and included bowel, bladder and sexual QoL instruments, using UCLA-PCI,
including Short Form (SF)-36 and either FACT-P) or EPIC and SF-12 quality-of-life
questionnaires completed pre-radiotherapy and at 2.5, 6, 12, 18, and 24 months post-
radiotherapy. There were no significant differences between the conventional and the two
hypofractionation arms for any QoL metrics over time, with all showing early QoL
decreases but full or nearly full recovery with the exception of sexual function. Comparison
of the average EQD?2 for the hypofractionated versus the conventional arms, 70.2 versus 74
Gy, respectively, demonstrates the experimental arms to be slightly gentler. This may
explain why recovery of patients reported Gl and GU QoL decrements were more rapid in
the CHHIP study at 6 months than in our own (with its higher EQD2 range of 75-77 Gy),
where recovery to baseline was not realized until year 2 or 3.
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The Fox Chase randomized, phase 3 trial [29] enrolled 303 men with low to high risk cancer
to 76 Gy in 38 fractions versus 70.2 Gy in 26 fractions at 2.7 Gy per fraction and the results
of the PRO subsection of the trial have been presented.[33] EPIC and International Prostate
Symptom Score (IPSS) questionnaires were used. Overall, while mean score changes for the
EPIC bowel, sexual, hormonal, or urinary irritative/obstructive domains displayed similar
decline and recovery patterns over time, the decreases in both the EPIC urinary incontinence
domain and in IPSS score were greater at 3 years in the hypofractionated than the
conventional arm (p=0.03 and 0.06, respectively), although these differences diminished
with further follow up. The EQD?2 for the hypofractionation arm for this trial was the highest
of all discussed here and was in fact about 5% higher than the conventional arm, at 80
versus 76 Gy, perhaps explaining the lessened QoL metrics at 3 years.

Favorable outcomes with moderately hypofractionated regimens have now led to
investigation of extreme hypofractionation in the form of stereotactic body radiotherapy
(SBRT).[7, 34-36] QoL metrics in the setting of prostate SBRT have now begun to
accumulate in the literature and appear initially favorable.[35] Additional ongoing trials to
include RTOG 0938 are also positioned to contribute further biochemical control, toxicity
and QoL outcomes in the SBRT setting.

Here we have presented quality of life data from a prospective, multi-institutional trial
delivering progressively increasing dose-per-fraction regimens. These data provide
quantifiable outcomes with regard to patient reported QOL measures. Bowel and bladder
quality of life reported here were comparable at 3 years across all treatment arms. Bowel
QoL was transiently depressed in all treatment arms but returned to or near to baseline by 3
years post treatment. Bladder function decline was also modest and non-significant at each
fractionation level, and again showed recovery by 3 years. Overall, these findings
demonstrated similar and generally mild detriments in patient-perceived bowel and bladder
toxicity after 3-year follow up, supporting the tolerability and safety of these
hypofractionation schedules.

Sexual outcomes as assessed by IIEF at 3 years, when adjusted for baseline differences, also
revealed no significant outcome differences among fractionation regimens. However,
patients in all regimens did show overall decline in most I1EF sub scores with time.

Lastly, SQLI data was acquired and reviewed to gage overall daily quality of life following
hypofractionated prostate radiation per this trial. At three years of follow-up the SQLI scores
did not statistically differ among the 22, 16, and 12 fraction stratification arms. Importantly,
these reported SQLI outcomes showed no significant decrease over the 3 year follow up
relative to baseline values (p=0.188, Fig 2). These findings support the absence of a
statistically significant detriment as perceived by patients with regard to overall daily quality
of life. Thus, this study, which utilized linear quadratic modeling to design three
fractionation schedules with similar predicted late toxicity risks, ultimately produced
patient-derived QoL metrics that were correspondingly similar across the three schedules.

In conclusion, this study reports on the 3-year follow up of localized prostate cancer patients
treated prospectively in a multi-institutional study with increasingly hypofractionated
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regimens. These data represent the first QoL information from a trial spanning the 2.9 - 4.3
Gy per fraction range. In fact, the 12 fraction, 4.3 Gy arm of this trial reports on the highest
non-SBRT fraction size for which QoL information is now available. Preliminary,
encouraging treatment efficacy data for these fractionation schedules has been presented
[37] but final analysis awaits additional time to assure a minimum targeted median follow-
up of 7 years for all of the sequentially accrued fractionation arms.

While this was a prospective trial with well-defined eligibility rules, central registration,
review of plans and data management as well as remote site audits, the limitations of a
sequential cohort design, which include the potential for undetected treatment technique or
patient selection migration, should be acknowledged. In addition, while the bowel and
bladder QoL instruments were detailed, comprehensive and were tailored toward prostate
treatment, more standardized, validated instruments are now commonly in use and it is not
possible to directly assess the extent to which our outcomes would differ if other instruments
were used.

Overall, given the rapidly expanding body of data suggesting excellent tumor control and
acceptable conventionally scored toxicity with hypofractionated regimens, results as
presented here further support Hypofractionation, including a 4.3 Gy per fraction regimen,
as an acceptable form of treatment for prostate cancer. RTOG 0938, a randomized phase 1l
trial that compared the 4.3 Gy, 12 fraction regimen from our study to an SBRT regimen and
that includes QoL measures, may potentially provide even further such validation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A, B: QoL metrics from baseline to year three. A. Bowel and B. Bladder

* Indicates statistically significant change from baseline.
C, D: Physician scored toxicities. C. Bowel and D. Bladder
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Spitzer Quality of Life change from baseline to year three
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Table 2

Fractionation scheme and treatment planning rectal dose constraints

Fractionation Level

Dose per Fraction (Gy)

2.94 3.63 4.3

Number of Fractions

22 16 12

Total Dose (Gy)

64.7 58.1 51.6

Tumor EQD; (/B 1.5) (Gy) 826 | 851 | 855

Late Normal Tissue EQD, (a/p 3.0) (Gy) | 76.8 77.0 75.3

Dose (Gy) Rectal Percent Limits (%)
30 - - 40

35 - 38 -

40 37 32 27

50 25 19 12

55 - 12 -

60 135 - -
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Table 4

Spitzer Quality of Life Index statistics at baseline and year 3

-0.03 (-0.25, 0.18)

Domain Treatment | Baseline Score Mean +SD | Year 3 Mean+SD | p-value
22 Fx 9.7+£0.7 95+14

SQLI 16 Fx 9412 9.8+04 0.188
12 Fx 95+14 95+14

SQLI (all pts.) | Change: Baseline — Year 3 (95% CI) 0.750
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