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Purpose: The aims of this study were to determine the incidence of patient-assessed late toxicity after high-dose,
image-guided radiation therapy in a cohort of men with prostate cancer; and to correlate toxicity with
conventional dosimetric parameters and rectal and bladder dose-volume histograms (DVH) reduced using
principal component analysis.

Methods and Materials: Toxicity questionnaires were sent to 690 men treated for localized prostate cancer to 75.6
Gy or 79.8 Gy using three-dimensional conformal radiation therapy (3DCRT) or intensity-modulated radiation
therapy (IMRT) between 1997 and 2003 at the Princess Margaret Hospital. Toxicity was graded according to the
modified Radiation Therapy Oncology Group (RTOG)-late effects normal tissue (LENT) scoring system. Late
rectal and bladder toxicity scores were dichotomized as < Grade 2 and = Grade 2, and correlated with
dosimetric parameters and with the first three principal components of rectal and bladder DVHs.

Results: In all, 63% of the patients completed the questionnaire. At a median follow-up of 37 months, the
incidence of late rectal toxicity RTOG Grades 1, 2, and 3 was 25.2%, 2.5%, and 0.7 % respectively. The incidence
of late urinary toxicity RTOG Grade 1, 2, and 3 was 16.5%, 8.8 %, and 0.9 % respectively. Maintenance of erectile
function sufficient for intercourse was reported in 68%. No dosimetric parameter analyzed, including principal
component analysis reduction of DVHs, correlated with late toxicity.

Conclusions: Postal questionnaire was effective for collection of patient-assessed late toxicity data. The incidence
of late toxicity was low, with a lack of correlation to dosimetric parameters. We attribute this to the use of
conformal techniques and daily image guidance. © 2007 Elsevier Inc.
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analysis.

INTRODUCTION

Evidence from prospective randomized trials (1-3) demon-
strates a radiation dose—response relationship for prostate can-
cer, in which biochemical tumor control is improved with
higher radiation doses. However, radiation dose escalation is
also associated with increased risk of late rectal toxicity (1, 4).
The optimal radiation dose and radiation treatment technique
for prostate cancer is one that will maximize tumor control and
minimize the risk of late treatment-related complications.
Highly conformal treatment techniques such as three-
dimensional conformal radiation therapy (3DCRT) and in-

tensity-modulated radiation therapy (IMRT) have been
shown to limit the volume of surrounding normal tissues
irradiated, and to reduce the rate of radiation-induced tox-
icity (5). Identification of the optimal radiation treatment
technique for prostate cancer has been a topic of empiric
research with sequential dose escalation studies (4, 6), and
most available data concerning the late radiation effects for
prostate cancer are physician-reported. This method of data
collection underestimates both the frequency and severity of
complications compared with patient-reported outcomes (7, 8).

A pilot study reported by Nichol ez al. (9) involving the
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first 112 patients treated with escalated dose conformal
radiotherapy at Princess Margaret Hospital confirmed the
feasibility of collecting patient-reported toxicity data by
postal questionnaire. This same technique was used to in-
vestigate the larger cohort of patients included in this report.

Although cross-sectional toxicity data collection provides
less information than does longitudinal data collection, it is
less expensive and less time consuming to collect. It pro-
vides a useful “snapshot” of the toxicity rates expected of a
particular treatment technique, provided that the sample size
is large and the follow-up is sufficient so that most events
are likely to have occurred.

Three-dimensional radiotherapy planning systems pro-
vide an accurate record of the radiation dose delivered to
quantified volumes of normal tissue during a radical course
of radiotherapy, as summarized in the dose—volume histo-
gram. This information can be correlated with patient-re-
ported late effects to provide a model that hopefully predicts
late radiation toxicity. This model could potentially permit
safer radiation dose escalation in the future, and could
provide a valuable tool for radiation research by predicting
the late toxicity likely to result from novel dose-fraction-
ation schemes for the investigational treatment of prostate
cancer with radical radiotherapy.

Conformal and IMRT dose distributions are highly com-
plex, and it is not possible to compare treatment plans ade-
quately by visual inspection of isodoses alone. This has led to
the widespread use of cumulative DVHs for plan comparison,
as these represent the three-dimensional dose distribution as a
function of two parameters, i.e., dose and volume.

The risk of late rectal bleeding after prostate radiation has
been related to single points on a DVH (10-12). However,
potentially critical dose—volume information that might best
discriminate between treatment plans at high or low risk for
complications is lost in the reduction of the DVH to a single
point. Principal component analysis (PCA) is a tool capable
of quantifying the variability in a dataset of DVHs and
segregating DVHs with similar morphology (i.e., compara-
ble doses to similar relative volumes). This allows compar-
ison between groups of similar DVHs with respect to com-
plication risk, without the loss of information inherent in the
simpler methods of analysis. This methodology has been
used to reduce DVHs of parallel functioning normal tissues,
and to relate the reduced DVHs to the risk of liver toxicity
after partial liver irradiation and the risk of xerostomia after
parotid gland irradiation (13).

In this study, PCA was chosen as a method to utilize all
the information inherent in the DVH of the bladder and the
rectum and to relate that information to patient-reported late
urinary and rectal toxicity after dose escalated radiotherapy
for prostate cancer.

METHODS AND MATERIALS

The local research ethics board approved the study protocol, and
all patients provided written consent before participating in the
questionnaire research.

In January 2005 a postal questionnaire, modified from Crook et
al. (14) (Appendix 1), was sent to 578 low- or intermediate-risk
prostate cancer patients treated between 1999 and 2003. No vali-
dated quality of life instrument has been designed for administra-
tion as a postal questionnaire. It was beyond the scope of this
investigation to validate the questionnaire used in this study,
although it has been used successfully by others (9, 14). Eligibility
criteria included clinical stage T1 to T2, NX, MO adenocarcinoma
of the prostate, and a prescribed dose of 75.6 Gy (years 1999—
2000) or 79.8 Gy (years 2000—2003) delivered with 3DCRT (years
1999-2002) or IMRT (years 2001-2003) with on-line image-
guided radiotherapy (IGRT). It was not the policy to use adjunctive
hormonal therapy for patients with low- or intermediate-risk dis-
ease, although 138 (24%) received at least 1 month of neoadjuvant
therapy.

A pilot study using the same questionnaire, but excluding the
module on erectile function, was conducted in February 2004 with
a cohort of 112 patients with intermediate-risk prostate cancer
treated from 1997 to 1999 with 3DCRT and image guidance and
prescribed a dose of 75.6 Gy (9). This study confirmed the feasi-
bility of collecting toxicity data in this way, and the results from
both cohorts have been combined for late bladder and rectal
toxicity reporting, dosimetry analysis, and principal component
analysis.

Patient responses to the questionnaire were converted to late
rectal and urinary toxicity scores according to Storey’s modifica-
tion of the Radiation Therapy Oncology Group (RTOG)-late ef-
fects normal tissue (LENT) late toxicity scoring system (12).
Posttreatment erectile function was graded from 0 to 3 based on
respondents’ reports of erections that were sufficient for inter-
course always (score 0), most of the time (1), some of the time (2),
or never (3).

Radiotherapy planning

All patients had three cylindrical 1 X 5-mm gold markers
implanted into the base, posterior aspect of mid-gland and apex of
the prostate under transrectal ultrasound guidance before treatment
planning. Patients were instructed to present for planning and
treatment with an empty rectum and a comfortably full bladder,
and were immobilized supine in a rigid immobilization device
extending from the waist to mid-thigh. The planning CT was
obtained without contrast using 5-mm slice thickness at 3-mm
intervals through the prostate. The clinical target volume (CTV)
was the prostate alone. The planning target volume (PTV) was
defined as an expansion of the CTV by 10 mm, except toward the
rectum, where a 7-mm margin was used. Rectal and bladder walls
were contoured as hollow structures, limited to the caudal and
cranial extent of the irradiated volume.

Dose constraints were used to limit the dose to the contoured
organs at risk: femoral heads (100% to receive <50 Gy), rectal
wall (50% to receive =50 Gy), and bladder wall (50% to receive
=50 Gy). The PTV was planned to receive at least 95% of the
prescription dose. The patients who were prescribed 79.8 Gy were
planned so that 50% of the contoured rectal and bladder walls
received =55 Gy.

The patients were planned using a six-field coplanar conformal
technique or a 5-field sliding window IMRT technique using
CADplan/Helios, version 6.2 (Varian Medical Systems Inc., Palo
Alto, CA). The dose was 75.6 Gy or 79.8 Gy in 42 fractions over
8.5 weeks, prescribed to the ICRU point for the conformal plans or
to CTV minimum for the IMRT plans. Five patients received doses
between 75.6 Gy and 79.8 Gy.
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Radiotherapy

Setup error and interfraction prostate motion was minimized
through daily pretreatment imaging and repositioning to correct
the isocenter position relative to intraprostatic fiducial markers,
using orthogonal electronic megavoltage portal images, with an
action level of 3 mm, as described by Chung et al. (15). Between
1997 and 1999, portal films of the fiducial markers were taken 3
times a week and used to correct for organ motion (16).

Statistical analysis

The frequency and percentage of patients experiencing rectal
and urinary late toxicity on a scale of O to 4 was calculated.
Erectile dysfunction was tabulated and the rates between diabetic
and nondiabetic individuals were compared using a Chi-square
test. Bladder and rectal toxicity and erectile function were com-
pared between the two dose cohorts using Chi-square tests. The
following dosimetric parameters were extracted from the treatment
plan DVHs: volume in cubic centimeters of contoured organ at
risk; maximum dose delivered to rectal and bladder wall (Dmax);
percent volume of rectal and bladder wall receiving =50 Gy
(V50); percent volume of rectal and bladder wall receiving =60
Gy (V60); and percent volume of rectal and bladder wall receiving
=70 Gy (V70). These dosimetric parameters were compared be-
tween the < Grade 2 toxicity group and = Grade 2 toxicity groups
using t-tests. The 3DCRT and IMRT patients prescribed 79.8 Gy
were compared the same way.

Principal component analysis

The principal component analysis is described in Appendix 2.
The first three components were compared between patients with
(= Grade 2) and without rectal and bladder wall toxicity using
Mann-Whitney tests.

RESULTS

In all, 437 replies were received from 690 questionnaires
sent, yielding a response rate of 63%. This total included 72
of 112 from the first cohort and 365 of 578 from the second
cohort. Patients who responded had similar tumor and treat-
ment characteristics to those of nonresponders. Erectile
function information was collected only in the second co-
hort of patients.

Toxicity rates

Numbers reporting and rates of toxicity are shown in
Table 1. At a median follow-up of 37 months (12-80
months) the incidence of patient-reported late rectal toxicity
(445 responses) RTOG Grade 0, 1, 2, and 3 was 71.7%,
25.2%, 2.5%, and 0.7% respectively.

Three patients experienced Grade 3 rectal toxicity. Two
patients reported prolonged use of rectal steroids, 1 reported
persistent use of incontinence pads, and 1 underwent nu-
merous coagulation procedures for rectal bleeding. One of
these patients was found to have radiation proctitis on
colonoscopy, as well as colonic polyps and a carcinoma of
the cecum.

The incidence of patient-reported late urinary toxicity
(443 responses) RTOG Grade 0, 1, 2, and 3 was 73.8%,
16.5%, 8.8%, and 0.9% respectively. Four patients experi-
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Table 1. Summary of responses to toxicity questionnaire

Toxicity
score 0 1 2 3
GIN =443 319(73.8%) 112 (252%) 11 (2.5%) 3 (0.7%)
GU N = 445 327 (73.8%) 73 (16.5%) 39 (8.8%) 4 (0.9%)
Erectile
function*
N =277 118 (43%) 13 (5%) 58 21%) 88 (32%)

* Erectile function scores refer to those who reported pretreat-
ment erectile function adequate for intercourse (277/367, or 76%
of total respondents).

enced Grade 3 urinary toxicity. Three reported persistent
use of incontinence pads, 1 experienced clinically signifi-
cant hematuria, and 1 experienced nocturia more frequently
than every hour. The patient reporting hematuria also had a
previously treated superficial bladder cancer as a co-morbid
condition.

In all, 367 patients responded to questions about erectile
function. Of these, 89 (24%) indicated that pretreatment
function was inadequate for intercourse. Of the remainder,
posttreatment function was scored as Grade 0 in 118 (43%),
Grade 1 in 13 (5%), Grade 2 in 58 (21%), and Grade 3 in 88
(32%). Overall, 68% of previously potent men reported
themselves able to achieve erections sufficient for inter-
course at least some of the time, and 48% reported good or
excellent function. In contrast, previously potent men with
diabetes were less likely to report Grade O function (29%,
11/38) and more likely to report Grade 3 function (50%,
19/38) than nondiabetic men, and this difference was sta-
tistically significant (p = 0.04).

Use of PDES inhibitors was reported by 18% of men, and
83% of these found them to be effective.

Dose

There was no significant difference in potency rates or
late rectal/urinary toxicity between the 75.6-Gy and the
79.8-Gy groups; however the median follow-up is shorter
for the 79.8-Gy group (24 months vs. 51 months).

Dosimetry

Archived DVH data were retrieved for 335 of 437 (77%)
patients who completed the questionnaire. Corrupted archi-
val tapes prevented data retrieval for the remainder. In all,
146 received 75.6 Gy with the 3DCRT technique, and 189
were prescribed 79.8 Gy. In the 79.8 Gy group, 164 were
treated with 3DCRT and 25 with IMRT.

Overall, the mean percentage of organ at risk at Vs, Vg,
V., met both institution-specific and published dose con-
straints. There were no significant relationships between
dose delivered to the rectal or bladder wall and patient-
reported late rectal or urinary toxicity (Table 2). The Vs,
Vo, and V,, for the rectal wall were significantly lower for
the IMRT group (Table 3), despite the fact that these pa-
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Table 2. Relationship between patient-reported late toxicity and dosimetric parameters

Toxicity score n Dmax (Gy) Volume OAR (cc) V50 (%) V60 (%) V70 (%)
Rectum
0-1 322 77.1 (2.5) 28.8 (11.) 41.9 (9.4) 33.2(7.9) 21.8(5.8)
2-3 13 76.6 (2.4) 32.3 (12.8) 43.3(9.9) 34.6 (8.4) 22.2 (5.0)
Bladder
0-1 295 77.3 (2.7) 34.5(13.2) 43.9 (9.0) 35.5(8.0) 24.6 (6.5)
2-3 38 77.8 (2.8) 33.8 (12.1) 44.2 (8.0) 36.4 (8.0) 25.7 (7.0)

Abbreviations: Dmax = maximum dose received; OAR = organ at risk; Volume OAR (cc) = volume of OAR contoured (in centimeters
cubed); V50 = percentage of OAR receiving 50 Gy; V60 = percentage of OAR receiving 60 Gy; V70 = percentage of OAR receiving 70

Gy.

Values are mean (SD). n: 335 responses for rectal toxicity, 333 responses for bladder toxicity.

tients were preferentially selected for IMRT because of
geometrically unfavorable CTV volumes.

Principal component analysis

The first three principal components described 95% and
99% of the variance in the rectal and bladder wall DVHs
respectively, demonstrating that the majority of the variabil-
ity in the DVHs could be described with three variables.
None of the components were significantly related to late
rectal or urinary toxicity.

Figures 1 and 2 plot the first three principal components
of the rectal and bladder wall DVH datasets respectively.
Figure 1 shows a random distribution of toxicity. There
appears to be a cluster of higher toxicity scores in Figure 2;
however this trend was not sufficiently robust to allow the
development of a late toxicity predictive model.

DISCUSSION

Our results demonstrate that patients treated with IGRT
to doses of 75.6 Gy or higher reported low levels of late
rectal and urinary toxicity at a median 37 months of follow-
up.

The rate of patient-reported = Grade 2 rectal toxicity was
3.2%. This value is significantly lower than the toxicity
reported in the literature for comparable planning tech-
niques and dose regimens (12, 17, 18) which range from

26.5% (3) to 12% (18). This favorable outcome may be a
consequence of limiting the dose to the anterior rectal wall
with six-field conformal and IMRT and with the use of daily
image guidance using implanted fiducial markers. Further-
more, our policy of encouraging patient bowel emptying
during planning and treatment may have helped to limit
unplanned increases in radiation to the rectum, and resulted
in less late toxicity.

Our late patient-reported = Grade 2 urinary toxicity rate
of 9.7% was higher than that for rectal toxicity, and com-
parable to those observed by others (12, 17, 18). This rate of
toxicity is despite the use of a full bladder during planning
and treatment to move most of the bladder wall away from
the irradiated area. This may reflect the difficulty of exclud-
ing the base of the bladder from the planning target volume.

The risk of erectile dysfunction (ED) after external beam
radiotherapy has not been well characterized, and in a recent
review of the literature (19), data compiled from random-
ized trials showed that ED increased from a baseline of 15%
to 47% after prostate radiotherapy. The authors’ summary
of institution-based series reported that the risk of postra-
diotherapy ED ranged from 7% to 63%. In the current
series, only 32% of previously potent men reported loss of
erectile function sufficient to prevent intercourse, and 48%
reported good or excellent function. This favorable result
may reflect more recent availability of PDES inhibitors.
Although penile bulb dosimetric data were not available,

Table 3. Comparison of mean dosimetric parameters by technique

n Dmax (Gy) Volume OAR (cc) V50 (%) V60 (%) V70 (%)

Rectum
3DCRT 164 78.8 (0.7) 23.7(7.9) 40.6 (8.0) 32.3(6.8) 23.3(5.3)
IMRT 25 81.4 (1.6) 27.5(8.2) 33.5(11.0) 26.4 (8.0) 20.1 (6.1)
p < 0.001 p = 0.03 p = 0.004 p < 0.001 p = 0.007

Bladder
3DCRT 164 78.8 (0.8) 32.5(13.1) 42.8 (8.4) 34.7 (7.3) 25.6 (6.1)
IMRT 25 82.7 (2.1) 374 (9.1) 43.2 (9.8) 34.0 (8.2) 26.9 (7.0)
p < 0.001 p = 0.02 = 0.85 p = 0.64 p =033

Abbreviations: 3DCRT = three-dimensional conformal radiation therapy; Dmax = Maximum dose received; IMRT = intensity-
modulated radiation therapy; OAR = organ at risk; Volume OAR (cc) = volume of OAR contoured, in centimeters cubed; V50 =
percentage of OAR receiving 50 Gy; V60 = percentage of OAR receiving 60 Gy; V70 = percentage of OAR receiving 70 Gy.

Values are mean (SD). p-Values are based on z-test.
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Fig. 1. Scatter plot of the first three eigen-dose scores for the rectal wall. Crosses represent dose—volume histograms
(DVHs) corresponding to a late toxicity score of 0 or 1; the diamonds represent DVHs corresponding to a late toxicity

score of 2 or 3.

patients included here had a fiducial marker placed at the
prostatic apex. This contouring aid kept the inferior extent
of the CTV to the minimum required, potentially reducing
the overlap with the penile bulb.

We could not correlate dose/volume parameters or PCA
to patient-reported late toxicity and were not able to develop
a robust model for the prediction of late toxicity based upon
PCA with our toxicity rates. Other centers have reported
that chronic toxicity may be independent of dose, when
normal tissue dose constraints are met (18, 20). However,
the lack of association is most likely because of the very low
rates of toxicity seen in our cohort of patients. With more
toxicity events, Soehn et al. (21) successfully used PCA in
their analysis of 205 rectal DVHs of patients treated to 70.2
to 79.2 Gy for prostate cancer.

The use of IMRT was not associated with decreased late
toxicity, although these patients were preferentially selected
for IMRT when the 3DCRT technique could not meet the
dose—volume constraints.

Patient-reported toxicity data have been demonstrated to
be superior to physician-reported data (7, 8), although col-
lection of patient-reported data are more complex. A postal
questionnaire is a relatively simple method of surveying a
large number of patients, and the utility of this approach was
demonstrated by this and an earlier pilot study (9). The
response rate of 63% demonstrates that it was well accepted
by those surveyed, although some methodologic limitations
are recognized. The questionnaire used has been previously

reported on (9, 14), but has not been validated, and this
should be the subject of future investigation. The method of
data collection required patients to make a subjective com-
parison to a state of health before radiotherapy and is
subject to recall bias, as patients may not remember prob-
lems that predated the radiotherapy, attributing the current
level of dysfunction entirely to the treatment. Although it is
definitely useful to have reliable information about pretreat-
ment function, this becomes relevant only when ascribing a
reported toxicity event to either treatment or a pre-existing
condition. Fortunately, the vast majority of patients did not
report any serious toxicity at the time that they filled out the
questionnaires, so the question generally did not arise. It is
likely that some minor pre-existing bowel and bladder tox-
icity was ascribed to radiotherapy, but this is of less concern
than if serious pre-existing dysfunction were to be incor-
rectly ascribed to treatment.

The issue is more problematic for scoring erectile dys-
function, as functional loss over time is a natural phenom-
enon as well as a radiation response and as the causes of
sexual dysfunction reported by our patients are multifac-
toral. However, the overall rates of erectile dysfunction at
the time that patients filled out the questionnaires remain
reliable in our studied population, and our study overesti-
mates the contribution of radiation to erectile dysfunction
rather than underestimates it.

Prolonged use of steroid enemas has not been shown to
be effective in the treatment of chronic proctitis, and toxic-
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Fig. 2. Scatter plot of first three eigen-dose scores for the bladder wall.

ity should probably not be scored as Grade 3 based on this
criterion alone (22). In addition, the number of coagulation
procedures performed for bleeding are taken into account,
and this may reflect the treatment modality used (laser or
formalin) as well as patterns of care and physician expertise,
rather than symptom severity.

Also, comorbidities that exacerbate or mimic the signs
and symptoms of late radiation effects such as bleeding or
lower urinary tract symptomatology are more prevalent in
the elderly and may confound the evaluation of radiation
toxicity. Two of our patients scored with Grade 3 toxicity
had significant comorbidities that may have contributed to
their reported bleeding episodes.

The quantification aspects of toxicity scoring in the mod-
ified RTOG LENT system used are particularly suitable for
adaptation into a postal questionnaire, but may not have
been sensitive enough to pick up subtle events related to
dose—volume effects. Furthermore, the dosimetric parame-
ters that are related to serious toxicity (Grades 3, 4) may not
be the same as those that contribute to less serious (Grades
1, 2) toxicity. There were insufficient Grade 3 or 4 events to
evaluate this.

The Expanded Prostate Cancer Index Composite (EPIC)
(23) is a widely used, validated instrument for assessing
treatment related toxicity in the urinary, bowel, and sexual
domains; however it was not intended to be administered as
an unsupervised postal questionnaire. The urinary and rectal
domains of EPIC evaluate patient bother, rather than simply
quantifying frequency and incontinence. The use of bother-

sensitive, patient-reported toxicity may become more im-
portant as a significant toxicity event in the future.

CONCLUSION

The incidence of patient-reported late toxicity is an im-
portant factor in the evaluation of high-dose radiation ther-
apy. Postal questionnaires provide an effective method of
surveying large numbers of treated patients and data were
successfully collected on late effects with a questionnaires
based upon the RTOG LENT toxicity scoring system.

The low rates of reported rectal and urinary toxicity are
attributed to the use of bowel preparation and conformal
IGRT. The normal tissue dose constraints appear to be very
safe and could be increased to allow further dose escalation
with acceptable rates of toxicity.

Toxicity evaluation instruments that reflect the impact of
high-precision radiotherapy on quality of life may better
describe the more subtle symptoms of dysfunction. More
sensitive scales are required to compare differences in out-
come as major toxicity becomes less prevalent with im-
proved treatment methods.

Novel methods of DVH analysis such as PCA remain an
important area of study to extract maximum information
from the treatment plan and to develop predictive models of
late-reacting normal tissues. However, late toxicity could
not be linked to PCA in this study because of the very low
incidence of toxicity reported by the patients.
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APPENDIX 1

Prostate cancer radiotherapy late side effects evaluation
For each question, please circle the response which best
describes your symptoms.

Questions regarding bowel function

1. How frequently would you open your bowels BE-
FORE starting the radiotherapy?

Once  Twice__ Three times___ Four times or more
per day____

2. How frequently do you open your bowels now?

Once  Twice__ Three times___ Four times or more
per day____

3. Are you concerned because your bowel movements are
more urgent?

Yes_  No__

4. In the past 6 months have you ever lost control of your
bowels?

Yes.  No__

5. Do you take anti-diarrheal pills such as Lomotil or
Imodium?

Never___ Occasionally___ Every week___ Daily___

6. Are there some foods that you have to avoid because
they will cause diarrhea?

Yes No_
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7. Had you ever noticed any blood associated with your
bowel movements (e.g., in stool) before radiation therapy
treatment?

Never___ Once only___ Occasionally___ At least once a
week__ Daily___

8. Have you noticed any blood associated with bowel
movements at any time 6 months after radiation therapy?

Never___ Once only___ Occasionally___ At least once a
week__ Daily___

9. If the answer to #8 was yes, have you had:

__Tests to investigate the bleeding?

___Prescription medications to treat it (other than
Metamucil or hemorrhoidal suppositories)?

___ Transfusions because of heavy bleeding?

___Rectal surgery because of bleeding?

Questions regarding bladder function

10. Since radiotherapy, have you had a problem with
dripping or leaking urine?

Yes No_

11. If the answer to #10 is yes:

a) When you drip urine, about how much usually comes
out?

A few drops___ Less than a tablespoon___ More than a
tablespoon____

b) How often do you drip or leak urine?

More than once a day____ About once a day____ Less than
once a day____

¢) Some men wear pads, rubber pants, adult diapers, or a
clamp to help with wetness. Do you use anything like that
now?

Yes No_

d) If you use pads, how often do you wear them?

Sometimes___ Always___

12. Since your radiotherapy, do you feel that your urinary
stream is:

Slower than before__ The same___ Improved__

13. Before your radiotherapy, did you have to get up at
night to urinate?

Never___ Rarely_  Once a night___ 2 to 3 times per
night___ 4 to 5 times per night____

14. Since your radiotherapy, do you have to get up at
night to urinate?

Never___ Rarely_  Once a night___ 2 to 3 times per
night___ 4 to 5 times per night____

15. Since your radiotherapy, have you noticed blood in
your urine?

Never___ Occasionally___ Frequently___

16. Since your radiotherapy, do you have pain or burning
on urination?

Never___ Occasionally___ Frequently___

17. If you have pain on urination, have you needed to take
painkillers?

Never___ Occasionally___ Daily___

Questions regarding sexual function

18. Before you had radiotherapy, could you have erec-
tions when you were stimulated?

Yes___ No___

19. Since your radiotherapy, have you had any full erec-
tions?

Yes___ No___

If the answer to #19 is “no,” have you been able to have
any partial erections?

Yes___ No___

20. How often were they firm enough to have inter-
course?

Never__ Some of the time___ Most of the time__
Always____

21. Since your radiotherapy, have you tried treatments of
any kind to help your sexual function?

Yes_ _ No___

22. If yes, have these been effective?

Never__ Some of the time___ Most of the time__
Always___

Question regarding diabetes
23. Do you have diabetes mellitus (“sugar diabetes™)?
Yes No_

APPENDIX 2

Principal component analysis

Principal components for rectal and bladder wall dose—
volume histograms (DVHs) were calculated, independent of
toxicity assessment. Principal component analysis (PCA) is
a multivariate statistical technique that uses linear transfor-
mation to convert a number of related variables into a
smaller set of uncorrelated variables. The PCA of a dataset
yields a number of vectors referred to as principal compo-
nents that describe the variance within that dataset. The first
principal component describes the greatest amount of vari-
ance in the dataset, the second describes the greatest amount
of remaining variance in the dataset, and so on. All com-
ponents are orthogonal to each other and measure different

dimensions of the data (see Ref. 13). The first three com-
ponents for each organ at risk were analyzed with respect to
toxicity.

The bladder and rectal wall DVHs were divided into 87
X 1 Gy dose bins. The PCA was carried out twice on each
dataset: once with the DVHs in cubic centimeters and once
with the DVHs normalized to percent volume of the organ
at risk.

The PCA was performed using singular value decompo-
sition. The equation for the singular value decomposition is
as follows: X = USVT, where X = matrix of DVHs, U =
matrix in which the columns are the left singular vectors
(eigensubjects), S = matrix in which the nonzero diagonal
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elements are the singular values, and VT = matrix in which
the rows are the right singular vectors (eigendoses), and is
the transpose of matrix V.

Because the data had been column-centered before cal-
culation, the right singular vectors are the principal com-
ponents. The square of the singular values is proportional
to the variance described by each principal component.
The matrix multiplication of US (alternatively XV) are
known as the principal component scores and are the
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coordinates of the subjects in the space of principal
components. This can also be thought of as a projection
of the DVHs onto the principal component space, the
purpose of which is to aid in the visualization of structure
in the data if 1 projection is plotted against another.
Clustering of DVHs in these projection scatter plots was
analyzed to determine which DVHs contribute strongly
to the variance explained by that principal component
(see Refs. 24, 25).
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