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LATE RECTAL BLEEDING FOLLOWING COMBINED X-RAY AND
PROTON HIGH DOSE IRRADIATION FOR PATIENTS WITH '
STAGES T3-T4 PROSTATE CARCINOMA
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Purpose: Dose escalation {or prostate cancer by external beam irradiation is feasible by a 160 MeV perineal proton
beam that reduces the volume of rectum irradiated. We correlated the total doses received to portions of the anterior
rectum to study the possible relationship of the volume irradiated to the incidence of late rectal toxieity.
Methods: We have randomized 191 patients with stages T3 and T4 prostatic carcinoma to one of two treatment -
dose arms. These were: 1} 75.6 Cobalt-Gy-equivalent (CGE), 50.4 Gy delivered by 107-25 MYV photons followed
by 25.2 CGE delivered perineally by protons (Arm 1) or 2) 67.2 CGE delivered by 10-25 MYV photons (Arm 2).
Resnlts: With a median follow-up of 3.7 years, post-irradiation rectal bleeding (grades 1 and 2 only, none reguiring
surgery or hospitalization) from telangietatic rectal mucosal vessels has occurred in 34% of 99 Arm-1- patients and
16% of 92 Arm-2 patients (p = 0.013). Dose-volume histograms (DVHs) for the anterior rectal wall, the posterior
rectal wall and the total rectum in 41 patients treated on Arm 1 were calculated from the three dimensional dose
distributions. Rectal bleeding has occurred in 14 or 34% of the 41 DVH-analyzed subset of Arm-1 patients. Both
the fractional volume of the anterior rectum and the total dose received by fractional volumes of the antermr rectum
significanily correlate with the actuarial probability of bleedmg.

Conclusions: Clinicians planning dose escalation to men with localized prostate cancer should approve with. cautmn
treatment plans raising more than 40% of the anterior rectum to more than 75 CGE without additienal effort to
protect the rectal mucosa because this late sequela data indicate that more than half of these men will otherwise

have rectal bleeding.

Prostate cancer, Rectal radiation tolerance, dose—volume histogram, Proton irradiation, Conformal therapy.
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INTRODUCTION

The efficacy of conventional radiation therapy in achiev- .

ing long-term clinical local control for localized prostate
cancer is well established (1, 2, 10). With long follow-up,
and without the addition of endocrine therapy, the local
regrowth rates are higher than originally thought (2, 11,

12, 16, 21). Actuarial local failure has been reported to.

occur in excess of 30% for patients with clinical stage T3
or T4 (C) disease. This likely underestimates the true in-

cidence of local failure because clihjcaHy occult recur-

rences are being detected on rebiopsy of normal feeling
glands, especially in patients with persistently elevated or
rising prostate-specific antigen (PSA) values after treat-
ment (4, 5, 15, 19). Retrospective analyses report signif-
icant correlations between high-radiation doses to the
prostate tumor and low-clinical regrowth frequencies (7,
11, 15). There is, however, also a higher rectal comphi-
cation rate with increasing total tumor dose of radiation
administered by conventional radiation therapy or
brachytherapy (17, 22). A pilot study done from 1976 to

1979 using 160-MeV proton beam boost therapy for men
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* Cobalt Gray-Equivalent (CGE) is the physical dose times
the relative biological effectiveness (RBE) of 1.10 for protons.
Since all tissues have a similar RBE for protons, doses in CGE
can be directly compared to photon doses in Gy.
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with localized prostatic carcinoma was encouraging (6,

20). This showed that a total tumor dose of up to 75.6
Cobalt-Gray Equivalent® (CGE) could be administered
safely using the perineal proton boost of 25.2 CGE without
serious urologic or intestinal sequelae. The perineal proton
beana was shaped to conform to the prostate target vol-
ume, and thereby with this approach, reduced (relative
to conventional external beam radiation) the volume of
the rectum needed to be raised to high dose.

However, depending on the individual’s anatomy, a
variable amount of anterior rectum needs to be included
in the high-dose target volume even with a conformal
proton beain field. We noted in our randomized trial, as
anticipated, an increase in mild to moderate rectal reac-
tions in the patients receiving the high dose (Arm 1). We
have analyzed the DVHs of 41 Arm-1 patients to evaluate
the possible implication for rectal injury of both the frac-
tional volume of rectum treated and of the total dose that
those volumes of the rectum received from combined
proton and photon irradiation to 75.6 CGE.

MATERIAL AND METHODS

Patient population

From [982 to the present, 19} patients with localized
clinical stages T3 and T4, Nx, 0-2, MO prostatic cancer
have been randomized io receive combined 10-25 MV
photons plus perineal protons to a total dose of 75.6 CGE
(Arm 1) or conventional external beam irradiation to 67.2
CGE (Arm 2). Eligibility criteria included a performance
status of 2 or better, a normal serum acid phosphatase at
entry and signing the consent form approved by our Sub-
commitee on Human Studies after the nature of the pro-
cedures had been explained fully. Patients with medical
comtraindications to radiation therapy such as ulcerative

colitis, with a prior abdominoperineal resection, or with .

concomitant endocrine therapy were not cligible.

The present study of the dose each patient received to
the rectum was cartied out on 41 patients treated on Arm
1. At the time of this analysis, 47 patients on Arm | were
available for at least 2 years of follow-up. For a patient
to be included in this analysis, the CT tréatment planning
studies, simulator films, and portal films had to be avail-
able. These constraints exciuded only six patients for in-
sufficient data.

Radiation treatment

Both Arm-! and Arm-2 patients were treated using a
contoured 4-ficld box technique to a total photon.dose of
50.4 Gy (prescribed to the minimum isodose curve in the
central plane) in five 1.8 Gy daily treatment sessions per
week to both the primary tumor volume and the pelvic
lymph nodes below the bifurcation of the common iliac
vessels (6). For Arm-2 patients, this was followed by a
boost to the prostate tumor volume using shaped opposed
lateral fields to a total tumor minimal dose of 67.2 CGE
in 2.1 Gy fractions during four daily treatment sessions

" to high dose by 40 to 55% (3).

~ positioning (20). The patients were treated in lithotomy

- the rectum, prosiate tumor volume;and the proton field. Typi
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per week. Since 1984, a 25 MV x-ray beam modified using
a beam width improving device for each individual patient
has been used reducing the volume of the rectum raised

In Arm-1 patients, the perineal 160 MeV proton boost
of 25.2 CGE (2.1 CGE per fraction, 4 days per week) wag
begun 7 to 14 days following completion of the 50.4 Gy
treatment with conventional radiation (vida infra)., This
allowed sufficient healing of any acute radiation proctitis
so patients could tolerate the insertion of a lucite rectal
probe daily for proton beam treatment to assure correct

position. The proton beam was designed with a 0.5 cm
margin between the target volume (as defined by the <li-
nician on the serial tomographic cuts from a pelvic CT
scan done with the patients in the lithotomy position) and
the 90% isodose line. This contoured perineal field, which
was aligned to both the gold seed in the prosiatic apex
and the rectal probe, spared the posterior rectum and all
but the anterior proximal anus (Fig. 1.). A representative
composite {50.4 Gy photons plus 25.2 protons) dose dis-
tribution on a transverse contour in the mid-portion of
the target tumor volume is illustrated in Figure 2. The
amount of sparing of the anterior rectum varied with the
particular patient’s anatomy and the size of the target
tumor volume. Biplaner diagnostic radiographs were
taken prior to each proton treatment session to assure
correct patient positioning.

Determination of rectal volume and dose

For this study the computed tomography (CT) scans,
upon which the proton boosts were planned, were re-
trieved. The anterior and posterior walls of the rectum

ANT. RECTAL
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Fig. 1. A diagram in the sagittal plane of a patient indicating tFl" :
geometry of the perineal proton boost field alignment. The lucte
probe, attached to the lucite plate, maintains the geometry 0

percentage isodose contours for the perineal boost treatment ar€
indicated.
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Fig. 2. Representative composite (50.4 Gy photons plus 25.2 CGE protons) isodose conﬁours, in CGE, are shown
in the transverse plane illustrating the shaping of the high dose-volume to the prostate tumor volume and the dose

gradient across the rectal ctrcumference.

that were at risk of receiving high dose were identified on .

_each individual patient’s transverse CT scan from the su-
perior limit of the anus to 2 cm superior to the prostate

tumor volume. The rectal wall was drawn manually with

“atrackball in every case, with care taken to include only
:the wall thickness. The simulation films, the gold seed
_..marker, and bony landmarks were used to define the in-
+ " ferior and posterior borders of the initial photon fields on
““each patient’s CT scan. (The initial fields were treated
~with the patient supine.) The 3-dimensional dose com-

- posite distribution was calculated for each patient. The
s dose-volume histograms (DVHs) for the anus, the anterior
“tectum, posterior rectum, and total rectum were calcu-

lated for each patient (see Fig. 3). From these histograms,

. the percentage of volume irradiated to a given dose and
“the dose to a given percentage of the rectum were tabu-
“lated.

atient follow-up

nd the principal radiation oncologist. The patients were
Xamined three times during the first year and twice yearly
iereafter. In addition to a careful patient history, the
00l at each rectal exam was tested for occult blood. In
Ny patient with a history of significant rectal irritation
nd/or bleeding or in whom occult blood was identified,
I anoscopy was. carried out to evaluate the appearance
f the rectal mucosa. The post-treatment rectal toxicity
‘as graded according to the Radiation Therapy Oncology
Toup (R TQG) morbidity grading system (14): grade 0—
One; prade I—minor symptoms requiring no treatment;

Patients were followed jointly by the referring urologist

grade II—sympitoms responding to simple outpatient
management, life-style (performance status) not affected;
grade III—distressing symptoms altering a patient’s life-
style (performance status) and/or hospitalization for di-
agnosis or minor surgical intervention; grade I'V—major
surgical intervention or prolong hospitalization; grade V-—
fatal complications. In all patients with rectal bleeding,
anoscopy revealed telangiectasia in the distal anterior rec-
tum. However, we were not able to quantify the extent
or severity of this consistently appreciated finding.
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Fig. 3. A representative dose~volume histogram for the dose
received by the anterior rectal wall, The percentage of the anterior
wall is plotted versus dose it received. In this patient the total -
volume of the anterior rectal wall is 27 cubic centimeters.
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Statistical analysis

Times to'last follow-up, to clinical local tumor recur-
rence, to developing gross rectal bleeding and to death
were calculated from the date starting treatment. Life-
table probablh‘ues of clinical local control, freedom from
rectal bieedlng and overall survival were calculated by the
methods of Kaplan and Meier and statistical influences
on actuanal curves were made using the log-rank test (13).
Logistic regression was used to evalpate correlations be-
tween totéi radiation dose received and/or the fractional
rectal volume freated to the development of late rectal
bleeding (4). In addmon Cox regression analysis was used
to test for the posmble simultaneous effect of other patient
or tumor factors related 1o the development of late rectal
bleeding. These models investigated the possible influence
of patient age, tumor stage, and tumor grade and included
interactions between all possible pairs of predictors.

RESULTS

At the time of analysis (February 1992), this ongoing
trial included 191 patients with a median follow-up of
3.7 years. The probability of clinical local control for the
entire group at 5 years was 87% (Fig. 4). The probability
of overall survival at 5 years was 81% (Fig. 4). Because
the trial is ongoing, no outcome data by treatment arm
is available. Within the population of 99 patients ran-
domized to receive the combined proton and photon high
dose therapy (Arm 1), 47 patients were eligible at the ini-
tiation of this study (alive, with at least 2 years of follow-
up) for evaluation of rectal sequelae. Of this group, we
evaluated the 41 for whom data were complete. The
probability of being free of rectal bleeding at 5 years for
the 99 patlents randomized to the high dose arm was 66%

N=191
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(Fig. 5). Likewise, 27 (66%) of the 41 patients analyzed
were also free of rectal bleeding. Amongst the 14 patients
(of the 41 analyzed) who developed rectal bleeding, 6 were
scored as having grade | and 8 as having grade 2 toxicity;
~ none had grade 3 or 4 toxicity. The onset of rectal bleeding
was observed between 5 and 37 months in these 14 pa-
tients (median of 17 months). The probability of not de-
veloping rectal bleeding by 5 years in the patients in Arm
1 (66%) was significantly lower (p = 0.013) compared to
that (84%) in the patients randomly assigned to conven-
tional radiation therapy on Arm 2 (Fig. 5). The probability
of gross hematuria at 5 years was 14% in Arm 1 and 8%
Arm 2 (p = 0.25). The probability of clevelopmg a urethral
stricture by 5 years was [3% in Arm-1 patients and 4%
in Arm-2 patients (p = 0.06). Accounting for whether a
prior transurethral prostatic resection was done (73 pa-
tients) or not (118 patients), urethral strictures were not
significantly different between the high-dose and conven-
tional-dose arms. Mild or moderate diarrhea requiring
medication more than 3 months after completion of
treatment occurred in 4% of patients (1% in Arm 1 and
5% in Arm 2). Severe diarrhea requiring hospitalization
occurted on one occasion in 1 patient who was on
Arm 2.

The target volume received 75 CGE or more in 40 of
the 41 patients; 1 patient {a nonbleeder) received 73.3
CGE. The actuarial incidence of freedom from bleeding
for men in whom 40% or more of the anterior recturm
received 75 CGE is 29% at 40 months, which is signifi-
cantly lower than that (81%) in the patients in whom less
than 40% of anterior rectum received 75 CGE (Fig. 6).

Figure 7 demonstrates the statistically. significant {p = -
0.02) association between being free from late rectal -
bleeding and the percentage of a patient’s anterior rectal

CLINICAL LOCAL CONTROL
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Fig. 4. Kaplan—Meier estimates of clinical lecal control and overall sumval The numbers in parenthesis mdlcate

the number of patients at risk.
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Fig. 5. Kaplan-Meier estimates of freedom from rectal bleeding
for patients randomized to Arm | (x-rays plus protons, 75.6
CGE) or to Arm 2 (10~-25 MV x-ray only, 67.2 CGE).

" yolume that received at least 75 CGE. As the data indicate,
only 25% of the patients who -have not bled received ir-

-radiation doses of 75 CGE to more than 40% of their

anterior rectum compared to the 14 patients developing
late rectal bleeding in whom at least 40% of the anterior
rectum received 75 CGE in 81%. When analyzed using
logistic regression curves as in Figure 7 for 75 CGE for
lower total doses recetved (60, 65, and 70 CGE), a statis-
- tically significant difference was observed at each dose in
the cumulative anterior rectal volume radiated to that
specific dose in the 14 patients with bleeding compared

to the 27 patients without bleeding (Curves not shown

but percentages and ratios are in Tables | and 2).
; The correlation between dose and the fraction of an-
+terior rectum receiving a given dose with experiencing or
. not the sequela of bleeding are both shown in Figure &
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Fig. 6. Kaplan-Meier estimates of freedom from rectal bleeding
fDllowing combined x-ray and proton irradiation that compared
¢ group of men who had less than 40% of their anterior rectum
Ceive 75 CGE or more to those men in whom 40% or more
the anterior rectum received at lest 75 CGE. The p-value is
fomputed by the log-rank test.
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Fig. 7. Logistic regression curves comparing two patient groups;
those in whom rectal bleeding was observed (14) and those with-
out rectal bleeding (27). Within each group, the percentage of
patients who have at least the indicated fraction of their anterior
rectal volume irradiated to 75 CGE is plotted as best-fit curves
by logistic regression.

using percentage ratios of volumes treated to four doses
of the group with (N = 14) and without (N = 27) rectal
bleeding. Figure 8 shows the percentage ratios (such as
those in Tables 1 and 2) of the anterior rectal volumes
treated in the groups with and without rectal bleeding for
specific doses (60, 65, 70, and 75 CGE) received by in-
creasing fractions of the anterior rectum. For instance, if
the fractional volume of the anterior rectum receiving 70
CGE or more increases from 0.20 to 0.50, the percentage
ratio nearly doubles. Conversely, if 0.40 of the anterior
rectum receives 75 CGE, the percentage ratio of the group
with compared to the group without rectal bleeding is
nearly twice as great than if it recetves 70 CGE.

DISCUSSION

In our prospective trial for men with T3 and T4 pros-
tatic cancer i whom the tumor target volume and a por-
tion of the anterior rectum are treated to 75 CGE, both
the fractional volume of this normal tissue treated as well
as the total dose that specific fractional volumes received
are significantly correlated to late rectal bleeding. Impor-
tantly, no patient has developed rectal bleeding .severe -
enough to alter his life-style or to require a surgical pro-
cedure.

Table !. Rectal irradiation: Influence of dose and fractional
volume on bleeding

Percent of group with
= .40 of anterior
recturn receiving

Post-irradiation Patient
rectal bleeding number 75 CGE 70 CGE
~ None 27 25% 74%
Grades 1 or 2 14 81% 100%
Percentage ratio 32 : 1.4
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Table 2. Rectal irradiation: Influence of dose and fractional
volume on bleeding

Percent of group with
= 60 of amerior
rectum receiving

Post-irradiation Patient

rectal bleeding number 65 CGE 60 CGE
None 27 49% 63%
Grades 1 or 2 14 36% 86%

Percentage ratio 1.8 - 14

Several groups have reported proctologic complications
following conventional external radiation for prostatic
carcinoma and the incidence varies from 6.6% to 14% (8,
11, 14, 17, 21, 22). The RTOG found an overall incidence
of rectal bleeding of 10.4% with the incidence significantly
increased when the dose received to the prostatic target
tumor volume increased (17). In the RTOG report, in the
27 men receiving 67.5 Gy or more to their prostatic tumor
volume, 15% developed rectal bleeding. However, the
M.D. Anderson Hospital group that reported in 289 con-
secutive patients treaicd with external beam radiation
therapy, the actuarial incidence of all ano-rectal compli-
cations at 5 years was 10% and there was no significant
difference in the incidence of the complications whether
the dose received to the prostatic target volume was greater
than or less than 64 Gy (8). Recently the University of
Michigan group has reported, in 20 men irradiated with
conformal therapy to doses of 76 Gy with conventional

 40-
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Fig. 8. The percentage ratio in the group with vs without rectal
bleeding, of a specific fraction of the anterior rectum receiving

the specified dose over a range (0.1-0.6) of fractional volumes
for doses of 60, 65, 70, and 75 CGE.
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fractionations, a 22% incidence of rectal complications |
with a median follow-up of 1.6 years {18). The Fox Chase
Cancer Center group has recently reported being able to
give more than 70 Gy 1o the target volume with conven-

-tional fractionations using conformal therapy with a re-

duction, relative to historical controls using a lower ra-
diation dose, in .the incidence of acute rectal reac.

tions (23).

To the best of our knowledge, this is the first study to
try to correlate fractional volume of the rectum treated
or the dose received by specific fractions to proctologic
complications. The main source of uncertainty in our
analysis is the transferal of the 25 MV photon portals,

“treated in the supine position, to the boost planning CT

scan obtained in the lithotomy position. The rectum’ was
well defined by barium on the simulator films. The re-
lation of the posterior and inferior borders of the lateral
ficlds to the rectum was reconstructed on the CT scan
using the gold marker, boney landmarks, and knowing
the precise location of the rectum with respect to the lucite
probe. We estimate this uncertainty would affect these
data by no more than a few percent. During the photon
portion of the treatment, some additional uncertainity in
rectal dose may exist because of variation from day to

day in rectal anterior to posterior position. However, dur-

ing the 28 fractions with photons by our contoured four
field box approach, only 29% to 36% of the dosc was given .
by the lateral ficlds. With these fields, the anterior rectal ™
wall was covered with a margin adequate to assure its
coverage even if 7-10 mm of posterior displacement oc-
curred. Another potential source of error, and of com-
parably low magnitude, is the assumption of .10 for the - -
relative biological effectiveness (RBE) photons. Radio-
biological studies led us to this value and clinical obser- -
vations are consistent with this value; however, it does [
have some uncertainty {9, 24-26). - _

Our prospective study indicates a steady increase in the

incidence of rectal bleeding with increasing total doses .-

received t0 specific volumes of the rectum and thus does
not support the concept of a critical or threshold dose for -
this late reaction. Furthermore, it suggests to us that cli-
nicians planning dose escalation to localized prostate .
cancer by any technique, be it high-energy photons using -
conformal therapy or particle beams, should approve, with
caution, treatment plans irradiating more than 40% of the
anterior rectum 10 more than 75 Gy with conventional
fractionation and without additional effort to protect the
rectal mucosa. Our data on this late sequelae indicates
that mere than half of these patients will be likely to ex-
perience rectal bleeding. -
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