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ABSTRACT
Purpose

We examined the impact of hypofractionated ra-
diation therapy and androgen suppression therapy
(asT) on quality of life (oor) in high-risk prostate
cancer patients.

Methods

Between March 2005 and March 2007, 60 patients
with high-risk prostate cancer were enrolled in a
prospective phase 1 study. All patients received
68 Gy (2.72 Gy per fraction) to the prostate gland
and 45 Gy (1.8 Gy per fraction) to the pelvic lymph
nodes in 25 fractions over 5 weeks. Of the 60
patients, 58 received ast. The University of Cali-
fornia—Los Angeles Prostate Cancer Index ques-
tionnaire was used to prospectively measure QoL at
baseline (month O) and at 1, 6, 12, 18, 24, 30, and 36
months after radiation treatment. The generalized
estimating equation approach was used to compare
the QoL scores at 1, 6, 12, 18, 24, 30, and 36 months
with those at baseline.

Results

We observed a significant decrease in QoL items
related to bowel and sexual function. Several QoL
items related to bowel function were significantly
adversely affected at both 1 and 6 months, with
improvement toward 6 months. Although decreased
QoL scores persisted beyond the 6-month mark, they
began to re-approach baseline at the 18- to 24-month
mark. Most sexual function items were significantly
adversely affected at both 1 and 6 months, but the
effects were not considered to be a problem by most
patients. A complete return to baseline was not
observed for either bowel or sexual function. Uri-
nary function items remained largely unaffected,
with overall urinary function being the only item

adversely affected at 6 months, but not at 1 month.
Urinary function returned to baseline and remained
unimpaired from 18 months onwards.

Conclusions

In our study population, who received hypofraction-
ated radiation delivered using dynamic intensity-
modulated radiotherapy with inclusion of the pelvic
lymph nodes, and 2—3 years of AsT prescription, QOL
with respect to bowel and sexual function was signifi-
cantly affected; QoL with respect to urinary function
was largely unaffected. Our results are comparable
to those in other published studies.
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1. INTRODUCTION

Prostate cancer is the leading cancer diagnosis in
Canadian men, with 24,600 new cases diagnosed in
2010 . Itis also the third leading cancer-related cause
of death, with an estimated 4300 cases in 2010 .
Although mortality has declined significantly in re-
cent years, arguably because of earlier detection and
improved treatment alike, prostate cancer remains the
most prevalent cancer in men !. By implication, then,
an increasing number of survivors are living with the
effects of cancer and its treatment, highlighting the
importance of analyzing quality of life (Qor) for new
treatment regimens. Several studies have explored
the relevance of treatment choice and QoL to men
being treated for prostate cancer 28,

Current treatment for high-risk prostate cancer
usually consists of external-beam radiation therapy
and long-term androgen suppression therapy (ast) %1.
Studies using dose-escalated radiation !'~! for pros-
tate cancer have shown that higher radiation doses
improve tumour control.
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The linear quadratic model of exponential radia-
tion cell killing has proved to be a robust theory that
can be readily applied to clinical data. The linear
quadratic cell survival equation includes the coef-
ficients a and B (and their ratio a/p), which, accord-
ing to the model, are mechanistically related to pna
damage. Recent data suggest that the o/p ratio for
prostate cancer is lower than had previously been
assumed '71°. That observation has encouraged the
use of hypofractionated radiation schedules for the
treatment of prostate cancer 2° to increase the bio-
logic effect of delivered radiotherapy, while main-
taining toxicity at an acceptable level. Published
comparisons of conventional and hypofractionated
radiation schedules for the treatment of prostate
cancer indicate that recurrence-free survival is
equal or improved with hypofractionation 2!-23,
Those studies also showed that the QoL of prostate
cancer patients is either similar or better with the
hypofractionated schedules 2430,

At our institution, we completed a phase 11 pro-
spective study for high-risk prostate cancer patients.
All patients received a hypofractionated schedule to
the prostate gland and a conventionally fractionated
schedule to the pelvic lymph nodes using a dynamic
intensity-modulated radiotherapy (1IMRT) technique
with simultancous integrated boost on a helical
TomoTherapy Hi-Art system (Accuray, Sunnyvale,
CA, U.S.A)). Most patients received variable-duration
neoadjuvant, concomitant, and adjuvant Ast. One of
the study’s endpoints was to assess QoL in those pa-
tients, and here, we report QOL outcomes in patients
treated using that protocol.

2. METHODS
2.1 Patient Selection

Between March 2005 and March 2007, the study
enrolled 60 patients with a histologic diagnosis of
prostate cancer involving localized disease with
high-risk features [clinical stage T3a or higher, or
initial prostate-specific antigen 20 ng/mL or higher,
or Gleason score 8—10, or a combination of prostate-
specific antigen greater than 15 ng/mL and Gleason
score 7]. Staging was based on computed tomog-
raphy (cT) imaging of the pelvis, a bone scan, and
a standard clinical examination, including digital
rectal examination.

2.2 Radiation Therapy Planning

The clinical target volumes (cTvs) and organs at
risk were delineated on co-registered planning cT
and 3-T magnetic resonance imaging images. The
prostate gland and the proximal 1 cm of seminal
vesicle were contoured to generate a volume desig-
nated as cTv68. The planning target volume, PTV6S,
was grown from the cTv68 by adding a 1-cm margin
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radially and a 5-mm margin posteriorly. The inter-
nal iliac, upper external iliac, and lower common
iliac vessels were delineated on each slice up to the
lower border of L5 and were encompassed within
at least a 5-mm margin (avoiding bone, bladder,
muscle, and mesorectum). The external iliac vessel
contouring was stopped at the top of the femoral
head. The obturator lymph node contouring was
stopped at the beginning of the obturator foramen.
The upper external iliac vessel delineation also
included the lateral presacral nodal area. However,
the medial portion of the presacral nodal area was
not included in the lymph node delineation 3!,
These lymph node delineations are similar to those
of the pelvic lymph nodes shown at the Radiation
Therapy Oncology Group Web site 32, except for
the exclusion of the medial portion of the presacral
area. The pelvic lymph nodes and the distal seminal
vesicles (beyond the proximal 1 cm) were included
in the cTtv45. The volume pTv45 was grown from
the cTv45 by adding uniform 1-cm margins all
around. Organs at risk, including the rectum from
the anal canal to the rectosigmoid junction, the full
volume of the bladder, the femora from head to the
ischial tuberosities and peritoneal cavity, including
all potential areas of small bowel and large bowel,
were also drawn using cT images.

A single-phase inverse treatment plan was gen-
erated using helical tomotherapy. A dose of 68 Gy in
25 fractions (2.72 Gy per fraction) was prescribed to
95% of the pTv68, and a dose of 45 Gy in 25 fractions
(1.8 Gy per fraction) to the pTv45 using a simultane-
ous integrated boost technique. Dose constraints of
55 Gy or less and 60 Gy or less to 50% and 30%
respectively of the volume of rectum, and 60 Gy or
less and 65 Gy or less to 50% and 30% respectively
of the volume of bladder were used. Maximum dose
to the peritoneal cavity was limited to 54 Gy or
less. All patients underwent daily megavoltage ct
image-guided verification before each treatment.

2.3 Study Design

Patients completed QoL questionnaires before com-
mencing radiation treatment (baseline) and at 1, 6,
12, 18, 24, 30, and 36 months after completion of
radiation treatment. The questionnaires were self-
administered by the patients on their own time with
no assistance from clinical staff.

2.4 QOL Assessment

The QoL assessments were obtained based on the
University of California—Los Angeles Prostate
Cancer Index questionnaire 2’. The questionnaire
consists of 18 items in 3 sections: urinary function (5
items), bowel function (5 items), and sexual function
(8 items). Patient completion of the QoL forms was
optional at all time points.
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2.5 Statistical Analysis

Each of the items on the QoL questionnaire was as-
signed a nominal score of 1-6, depending on the
number of possible responses available for that item.
These nominal scores were converted to continuous
scores to obtain a composite of all the scores. A poor
nominal score was assigned a low continuous score
and vice versa. The higher the continuous score, the
better the QoL, and vice versa. Table 1 explains the
assignment of the continuous scores to the corre-
sponding nominal scores of the Prostate Cancer Index
(smaller numbers represent a poorer QoL and higher
numbers represent a better Qor).

Means and standard errors were calculated for all
18 items of the Prostate Cancer Index at baseline and
at 1 and 6 months after radiation therapy (Table 11).
The 1- and 6-month follow-up was based on the scor-
ing system described (Table 1). The oL scores for
cach of the 18 items for each follow-up point (1, 6,
12, 18, 24, 30, and 36 months) were compared with
the baseline scores using the generalized estimating
equation approach 33. That approach accounts for
the within-subject correlations arising because of
repeated measurements of the same individual. It
provides robust parameter estimates. Standard errors
were then obtained (statistical analysis for repeated
measurements). All statistical analyses were con-
ducted using SAS (version 9.1.3: SAS Institute, Cary,
NC, U.S.A.). Values of p < 0.05 were considered to
be statistically significant.

3. RESULTS

The mean age at enrollment was 68 years (range: 55—
88 years), and all 60 patients completed the 36-month
follow-up. In the analyses, 3 patients are excluded
because, for administrative reasons, they were not
approached to complete the QoL questionnaire at base-
line. Of the 60 patients, 58 received asT (leuprolide
22.5 mg subcutaneously every 3 months), prescribed
for a total duration of 2—3 years. The baseline QoL
questionnaire was completed by 50 patients after they
started AsT (median time on therapy: 48 days) and
by 7 patients before they started ast. Completion of

TaBLE1  Continuous scores assigned to the corresponding nominal
scores !¢ of the Prostrate Cancer Index, depending on the number
of available responses per question®

Nominal variables

Categories 1 2 3 4 5 6
3 33 66 100 — — —
4 25 50 75 100 — —
5 20 40 60 80 100 —
6 17 34 51 68 83 100

2 Smaller numbers represent poorer quality of life, and higher
numbers, better quality of life.

TABLE I Mean score (£ standard error) for each item on the Prostate
Cancer Index quality-of-life (QoL) questionnaire at baseline, 1 month,
and 6 months

00L item Baseline 1 Month 6 Months
Urinary function
Leakage 87+3.4 86+3.5 93+2.3
Control 91+£2.3  90+1.9 94+1.6
Number of pads or adult diapers 99+0.6  97+1.6 100+0.0
Dripping urine or wetting pants  93+2.5  92+2.2 96+1.3

Leakage interfering with 98+1.7 94+29 100+0.0
sexual activity
As a problem overall 39432 42429 32427
Bowel function
Rectal urgency 9542.5 73+4.0 82+4.2
Stools loose or liquid 82+2.3  73+2.6 77+2.8
Distress secondary to bowl 93+1.7 79+£2.8 83+3.2
movements
Crampy pain 93+2.1  85+£3.1 90+£3.1
As a problem overall 88+2.5  77£3.1 82+34
Sexual function

Sexual desire 3443.0 27423 27423
Ability to have an erection 3542.7  24+£2.6 24«15
Ability to reach orgasm 35429  28+2.8 25+1.7
Quality of erections 52445  40+3.7 39+£2.8
Frequency of erections 38433 28+2.5 26424
Morning erections 33424 27£2.0 25+1.7
Sexual intercourse

Unassisted by medical 43432  38+£2.4 37+£2.0

intervention
Assisted by medical 98+1.2  98+1.1 98+l1.1
intervention

Ability to function sexually 3142.5  25+£1.8  24+1.6
As a problem overall 57+4.8  58+5.1  5245.1

the sexual function portion of the questionnaire was
refused by 9 patients. On surveys completed by other
patients, some questions went unanswered, mainly
in the sexual function section, for unknown personal
reasons. The missing responses were excluded from
the statistical analysis for the applicable time points.
Table 11 shows the means and standard errors for
each questionnaire item score at baseline, 1 month,
and 6 months. The QoL scores for 1, 6, 12, 18, 24, 30,
and 36 months were compared with the baseline score,
and the results are summarized in Table 1. Significant
and highly significant differences are noted. The dif-
ferences between time points were deemed statistically
significant if the p value was less than 0.05 and highly
significant if the p value was less than 0.001.
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As shown in Figures 1 and 2, statistically sig-
nificant trends toward a worse QOL were observed
for bowel and sexual function. Urinary function re-
mained largely unaffected except for “urinary func-
tion as a problem overall” (Figure 3). That item in the
questionnaire showed an initial improvement in QoL
at 1 month, with a subsequent decline at 6 months,
and then a return to baseline leading up to 36 months.
Figure 4 shows the percentage of patients choosing
cach available response on the QoL questionnaire at
1 and 6 months.

Statistically significant differences in the scores
were observed at 1, 6, 12, and 18 months for items
concerning rectal urgency, loose bowel movements,
and distress caused by bowel movements. Distress
secondary to bowel movements remained significantly

120

—e—Urinary Leakage
100 I

—=— Urinary Control

80 - —&—# pads/adult diapers

—— Dripping urinefwetting pants

Score

60 —a— Urine leakage interfering with sexual

activity
: M—i—!/i

—e— Overall problem with urinary function
20

o 6 12 18 24 3 3

Time (months)
FIGURE 1 Statistically significant scores obtained in the gastrointes-
tinal function portion of the quality-of-life questionnaire at baseline
(O months) and at 1, 6, 12, 18, 24, 30, and 36 months after completion
of radiation treatment.
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FIGURE 2 Statistically significant scores obtained in the sexual
function portion of the quality-of-life questionnaire at baseline
(0 months) and at 1, 6, 12, 18, 24, 30, and 36 months after comple-
tion of radiation treatment.
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FIGURE 3 Statistically significant scores obtained in the urinary
function portion of the quality-of-life questionnaire at baseline
(0 months) and at 1, 6, 12, 18, 24, 30, and 36 months after comple-
tion of radiation treatment.

affected for the remainder of the follow-up period, as
did bowel function as a problem overall.

In terms of sexual function, significant differ-
ences were observed for most items and for overall
ability to function sexually, but not for the perception
of sexual function as a problem overall. The adverse
effect on QoL for most items persisted for the remain-
der of the follow-up period.

4. DISCUSSION

To our knowledge, no published reports describe QoL
in high-risk prostate cancer patients when all patients
received treatment to the pelvic lymph nodes using
MRT delivery with a hypofractionated schedule and
asT (hormonal treatment).

In our study, use of a hypofractionated schedule
resulted in a significant decline in early post-treatment
QoL, largely in terms of bowel and sexual function.
Urinary function was mostly unaffected, although
QoL increased in terms of urinary function at 1 month,
and subsequently declined at 6 months. That decline
recovered by 12 months and remained close to base-
line thereafter (Figure 3). The general trend for most
bowel and sexual function QoL items (Figures 1 and 2)
showed a lower score at 1 month, with bowel function
improving somewhat toward baseline during subse-
quent follow-up, but with sexual function remaining
lower in terms of quality and frequency of erections.
These lower scores did not affect the patients’ per-
ceptions of their ability to function sexually, which
remain constant up to the 36-month follow-up.

No significant difference was observed in terms of
urine leakage, urinary control, or the number of pads
or adult diapers used. The calculated scores reveal
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FIGURE 4 The percentage of patients giving the indicated responses
for (A) overall urinary function, (B) overall bowel function, and
(C) overall sexual function at baseline (0 months) and at 1, 6, 12,
18, 24, 30, and 36 months after completion of radiation treatment.

that dripping urine, wetting pants, or urine leakage
interfering with sexual activity did not affect QoL
(Figure 3). Overall statistical comparisons of scores
at baseline with those at 1 month and 6 months show
that more patients experienced decreased urinary
function overall at 6 months (Table ). The improve-
ment in QoL at 1 month was not statistically signifi-
cant, but the decline at 6 months was. That finding
likely represents not only the subjective nature of
QOL questionnaires, but also the changing attitudes of
patients towards their QoL with time. Patients might
adjust to their new level of functioning after the
6-month mark and thus might be less likely to rate
their overall function as poorly as before. The usual

CURRENT ONCOLOGY—VoOLUME 19, NUMBER 3, JUNE 2012

adverse effects of radiation treatment (increased
frequency, nocturia, burning sensation, urgency,
and slow urinary streams) are not separately listed
in the questionnaire, which might be the reason for
worsening urinary function overall without indi-
vidual functions being affected. The urinary func-
tion questions were later included in a modified and
newly validated expanded Prostate Cancer Index
Composite questionnaire. The percentage of respon-
dents who maintained that they had no difficulties
with urinary function at baseline (49%) declined to
30% at 1 month, with patients distributing more into
the “small problem™ category. Still, fewer than 2%
reported a “big problem” with urinary function at 6
months [Figure 4(A)]. Our data therefore show some
urinary function impairment, but without necessarily
affecting the patient’s QoL.

A significant decline in QoL was observed in
terms of bowel function as it related to rectal urgency,
loose bowel movements, distress with bowel move-
ments, and bowel function as an overall problem.
Worsening QoL scores were observed at both 1 and
6 months compared with baseline (Table ). The de-
crease in QoL was less at 6 months than at 1 month.
These bowel function QoL items were still potentially
below baseline at 6 months (Figure 1). Crampy pain
showed a lower score (worse QoL) at 1 month, with
some improvement at 6 months (Figure 1). The
results at 6 months were, however, not statistically
significant (Table 11). Although lower QoL scores
persisted beyond the 6-month mark, especially for
items such as distress caused by bowel movements,
other items such as “stools loose or liquid,” crampy
pain, and overall bowel function begin to approach
baseline toward the 18- to 24-month mark. Whether
that finding can be attributed to the patient’s ability to
accommodate to a new level of function or to a true
improvement in QoL is difficult to ascertain.

Hanlon ef al. 3* compared QoL in patients receiv-
ing pelvic lymph node treatment with QoL in those
receiving prostate-only treatment. The results show a
decrease in QoL related to bowel function in patients
with treated nodes. Our results, in patients who also
received treatments to the pelvic lymph nodes, are
similar. We delivered hypofractionated schedules
using an IMRT technique; Hanlon and colleagues
delivered a conventional schedule using a 3-dimen-
sional conformal radiotherapy technique.

Significantly decreased QoL scores were observed
for QoL items dealing with ability, quality, frequency,
and occurrence of morning erections, and also with
the ability to function sexually. That finding is not
surprising in a cohort of patients receiving continu-
ous AST. Many patients (n = 50) had already received
AsT for a median duration of 48 days before they
completed the baseline QoL questionnaire, which may
account for low scores at baseline. Of the 57 patients
who were analyzed, 49 completed all items on the
sexual function section of the questionnaire. That

Copyright © 2012 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).
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number declined to 36 by 36 months of follow-up and
is reflected in the large standard deviations observed
(Figure 2). The problem of obtaining responses to
sexual function questions is reflected in a number
of studies that analyzed sexual function 24228, That
problem is compounded by the fact that the QoL ques-
tionnaire was optional.

Overall sexual function declined at 1 month and
remained at the same level at 6 months. As an over-
all problem, sexual function was not significantly
affected at either time point; however, the ability to
function sexually was significantly decreased at 1
month and remained so at 6 months (Table 11) with
no improvement toward baseline (Figure 2). There
was no significant difference in the patient’s percep-
tion of lower sexual function being a problem. That
observation is reflected in the fact that, although 73%
of patients rated their ability to function sexually at
baseline as “very poor” or “poor,” only 26% perceived
that score as a big problem [Figure 4(C)]. At 36
months after treatment, the statistics remained about
the same. Scores with respect to quality, frequency,
and ability to achieve morning erections remained
significantly lower at 36 months. The same trend is
reflected in data from Namiki ef al. 27 and Junius et
al. 2°. Thus, a large number of our patients did not
perceive sexual function to be a problem despite
significant impairment as discussed by Katz ef al. 33.

The sexual function results may reflect the mean
age of the patients included in the study (68 years).
Men in that age group are both less likely to feel
comfortable answering the questions and also more
likely to experience sexual dysfunction secondary
to age and comorbid medical conditions. According
to Smith ef al. 3¢ and Lindau et al. 37, only 37%41%
of men around the age of 70 are sexually active. Pa-
tients in our study may have felt confused at having
to answer sexual function questions and may have
perceived answering such questions as irrelevant to
them. Most patients (79%) were not using any assis-
tance (injection, vacuum pump, or phosphodiesterase
type 5 inhibitor) to facilitate intercourse at baseline;
that situation did not change over the course of treat-
ment. Nearly all the patients in our study (58 of 60)
were receiving AsT; in a number of other studies, only
some of the patients received ast 242327, As previ-
ously documented, AsT represents an independent
risk factor for erectile dysfunction >3%, In view of the
use of AsT and the hypofractionated radiation therapy
schedule, the rates of erectile dysfunction over time
will be interesting to observe and compare with those
from existing studies 3%-40,

Other studies have contemplated comparing IMRT
with either conformal radiation therapy or external-
beam radiation therapy 242%-27 (Table 1v). The patient
characteristics, the use of concurrent Ast, and the
dose to the prostate may vary, but overall, the stud-
ies show an equally decreased QoL after both types
of treatment, with improvement in some QoL areas if

the patient had undergone mvrr. Lips ef al. >* showed
better QoL in a few domains (urinary symptoms and
pain). Kupelian et al. 2° showed no difference in QoL
between MRT (78 Gy) and external-beam radiation
therapy (69.6 Gy). Namiki et al. 27 showed no differ-
ence in urinary function, but worse bowel and sexual
function with conventional external-beam radiation
therapy. Junius ef al. 25 did not compare methods,
but using IMRT (66 Gy to the prostate), they showed
increased urinary symptoms at 1 month, with subse-
quent resolution at 6 months.

Although our questionnaire does not include the
psychosocial categories present in other question-
naires, the responses from patients largely reflect the
trends seen in other published data on the subject 2429,

One limitation of the present study is the ques-
tionnaire, which was chosen at a time before recently
validated questionnaires such as the Prostate Cancer
Index Composite were available. It therefore fails to
cover some of the psychosocial domains and irritable
urinary symptoms included in other studies. But we
have some concerns about increasingly long compre-
hensive questionnaires, in that patients might be less
likely to complete them unless they are made manda-
tory. Another limitation is that many patients started
AST before baseline QoL was obtained, which may be
why sexual function was scored low at baseline.

5. CONCLUSIONS

In our study population, in whom hypofractionated
radiation was delivered using dynamic iMRT (helical
tomotherapy) with inclusion of the pelvic lymph
nodes and with prescription of 2—3 years of AsT,
QoL was significantly affected in terms of bowel and
sexual function. Individual urinary functions were un-
affected, but urinary function as a problem overall de-
clined. Bowel function QoL improved toward baseline
with time, but sexual function did not improve. Those
results are comparable to results from published stud-
ies in which hypofractionated schedules were used
to treat the prostate only (no pelvic radiation) and in
which conventional schedules were used to deliver
treatment both to the pelvic lymph nodes and to the
prostate. Further studies looking at the long-term
effects on QoL of treatment with hypofractionated
schedules are needed and are in progress.
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