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Background: Although various studies have been conducted on the effects of radiation therapy for prostate cancer, rectal toxicity after
radiation therapy for prostate cancer, which is an important late adverse event associated with radiation therapy, has not been sufficiently
examined. This study aimed to assess the associations of late rectal disorder (LRD) with dosimetric, anatomic, and clinical factors in
patients with prostate cancer who underwent three-dimensional conformal radiation therapy (3D-CRT).

Methods: We retrospectively analyzed 104 patients undergoing 3D-CRT between January 2009 and October 2011. Thirty patients were
administered anticoagulation/antiplatelet (AC/AP) agents. The standard dose was 74 Gy. Uni- and multi-variate analyses were performed
to identify factors predictive of LRD after 3D-CRT.

Results: The median follow-up period was 66 (range: 14-87) months. LRD occurred in 10.6% (11/104) of patients. The median time
from RT to LRD was 15 months (range: 7—41 months). Sixty-four percent of those with LRD (7/11 patients) had been given AC/AP
agents. Fifty-five (6/11) patients had severe internal iliac artery calcification. By univariate analysis, significant predictors of LRD were
internal iliac artery calcification, administration of AC/AP agents, and age. Being very elderly was the significant predictor identified
by multivariate analysis (P = 0.0276). For patients receiving AC/AP agents and those with severe internal iliac artery calcification, the
LRD incidences were 23.3% (7/30 patients) and 23.1% (6/26 patients), respectively, and being 75 years of age or older was a significant
predictor in these subsets.

Conclusions: Our results suggest advanced age, administration of AC/AP agents, and severe internal iliac artery calcification to be risk
factors for LRD in patients undergoing standard RT. Therefore, it is necessary to administer radiation with particular caution in the very
elderly, especially those receiving AC/AP agents and/or with severe internal iliac artery calcification.
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factorst*7!21 associated with LRD, comprehensive
assessments have not as yet been performed. Few prospective
studies have addressed the incidence and severity of
posttreatment LRD.I"! To identify risk factors for LRD,

INTRODUCTION

Primary treatment options for prostate cancer include
radiation therapy (RT) and radical prostatectomy. In the
recent years, irradiation and surgery have been regarded as
achieving equivalent cancer control. There are many reports

on the therapeutic efficacy of these procedures, whereas
reports on adverse events are limited.!'>3

Late rectal disorder (LRD) after RT for prostate cancer,
an important delayed adverse event, develops long after
the completion of treatment. Although there are reports
on treatment-related factors!'®*%) and on patient-related
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we evaluated age, complications, background factors, and
irradiation doses. We evaluated these factors in detail,
focusing particularly on patients receiving oral anticoagulant
and antiplatelet (AC/AC) agents, those with severe internal
iliac artery calcification and very elderly patients.

MEeTHODS

Ethical approval

All procedures performed were in accordance with the
ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. This
study was approved by the institutional review board of
Nihon University School of Medicine, and patient informed
consent was obtained (Trial registration number: Nihon
University Itabashi Hospital Clinical Research Center
RK-170214-10).

Patient characteristics

This retrospective study included 104 patients who
underwent conformal RT for prostate cancer between
January 2009 and October 2011. Their ages ranged from
54 to 85 years (median, 72 years). The follow-up periods
ranged from 14 to 87 months (median, 66 months). Patient
characteristics including cancer status are summarized in
Table 1. Thirty patients were administered oral AC/AP
agents, 26 had severe internal iliac artery calcification,
61 had hypertension, and 18 had diabetes mellitus, with
some overlap among these classifications.

Treatments consisted of standard three-dimensional conformal
RT (3D-CRT) for the prostate in 74 patients, whole-pelvis

Table 1: Characteristics of patients who underwent
conformal RT for prostate cancer (n = 104)

Characteristics Value
Follow-up (months), median (range) 66 (14-87)
Age (years), median (range) 72 (54-85)
Stage (UICC 7™), n (%)

I 27 (27)

I 18 (17)

111 48 (46)

v 11 (11)
NCCN risk group, 1 (%)

Low 7(7)

Intermediate 24 (23)

High 73 (70)

Initial PSA (ng/ml), median (range) 20.57 (4.05-914.00)

Gleason score, n (%)

<6 17 (16)
7 32331
8 16 (15)
9 22 (21)
10 6 (6)
Unknown 1(1)

PSA: Prostate-specific antigen; UICC: Unio Internationalis Contra
Cancrum; NCCN: National Comprehensive Cancer Network;
RT: Radiation therapy.

RT (WP-RT) followed by 3D conformal prostate boost in
seven, and salvage/adjuvant 3D-CRT for the postsurgical site
after radical prostatectomy in 23 patients. The median total
dose was 74 Gy (range, 60—74 Gy). The standard 3D-CRT
dose was 74 Gy, WP-RT plus prostate boost was 50 Gy plus
20-24 Gy, and salvage/adjuvant RT was 64 Gy. Patients
with intermediate risk underwent concomitant hormone
deprivation therapy for 6 months and those with high risk
received this treatment for 3 years. According to the treatment
strategies for LRD at our hospital, patients with Grade Ila
lesions by the Sherman et al’s. classification® received
prednisolone suppositories. Based on the Radiation Therapy
Oncology Group/European Organization for Research and
Treatment of Cancer (RTOG/EORTC) morbidity scores, the
patients with Ia lesions were classified as having Grade 2
morbidity. Patients with Grade Ib by the Sherman ef al’s.
classification!! underwent endoscopic coagulation with
argon plasma. Based on the RTOG/EORTC morbidity scores,
these cases were classified as having Grade 3 morbidity. For
this study, we defined patients whose calcification occupied
more than half of the arterial lumen as having severe medial
internal iliac artery calcification.

Statistical analysis

LRD-free survival was calculated using the Kaplan-Meier
method, and differences were expressed at a 5% significance
level with a two-tailed log-rank test. Uni- and multi-variate
analyses were performed to identify factors predicting LRD
after 3D-CRT. In accordance with the reported possible risk
factors,!"> we analyzed age applying a threshold of 75 years,
AC/AP agents, severe internal iliac artery calcification,
diabetes mellitus, chronic renal failure, and hypertension as
categorical variables, while radiation field and total radiation
dose were analyzed as continuous variables.

Multivariate analyses of the data were performed using the
Cox proportional hazards model. The SPSS 21.0 statistical
software (SPSS Inc., Chicago, IL, USA) was used for all
calculations and survival displays. Late complications were
graded according to the National Cancer Institute-Common
Terminology Criteria, Version 4.0.125 The statistical
significance level was set at P < 0.05.

ResuLts

Radiation therapy

The Xio (version 4.4.0-4.6.0; Elekta CMS Software,
St. Louis, MO, USA) therapy planning device was used
to administer RT, and doses were calculated using the
Clarkson method. The RT procedures were as follows. In
cases receiving standard conformal RT, the clinical target
volume (CTV) consisted of the entire prostate gland and the
seminal vesicle base, and the planning target volume (PTV)
was set as the CTV with 8-mm margins to establish the
recommended radiation field. However, when a radiation
field was set on the rectal surface, PTV was modified to
consist of the CTV with approximately 5-mm margins. The
basic dose was 2 Gy per fraction for a total dose of 74 Gy.
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When the cumulative dose exceeded 50 Gy, we excluded the
seminal vesicle base from the radiation field. According to
RTOG 0126, the rectum was defined as a contoured, solid
structure from the anus (at the level of the ischial tuberosities)
to the rectosigmoid flexure. If the patient had pelvic lymph
node metastasis, irradiation up to 50 Gy was applied to
the lesser pelvis, followed by conformal RT applied to the
prostate gland for a total dose within 70 to 72 Gy. In cases
receiving salvage RT, the CTV consisted of the site after
prostatectomy, and the PTV was set as the CTV with 8-mm
margins. The basic dose was 2 Gy per fraction for a total
dose of 64 Gy.

Adverse events

LRD was observedin 11 ofthe 104 (10.6%) patients [Figure 1].
In all the 11 patients, LRD was confirmed endoscopically.
According to the Sherman et al.’s classification,** LRD
was classified as Grade Ia in eight patients and Ib in three;
endoscopic coagulation was performed in three of these
11 patients. The times from RT until the onset of LRD ranged
from 7 to 41 months (median, 15 months) and were within
2 years in all but one of the 11 patients. The latter patient
suffered a myocardial infarction and started taking AC/AP
therapy 3 years after RT.

Seven of the 11 patients with LRD were taking oral AC/AP
agents and one had hepatic cirrhosis. Six of the 11 patients
with LRD had severe internal iliac artery calcification.
The significant predictors by univariate analysis included
the use of oral AC/AP agents, age, and severe internal
iliac artery calcification [Figures 2—4]. The multivariate
analysis confirmed age to be a significant predictor of
LRD [Table 2]. When we analyzed patients receiving
oral AC/AP agents, the proportion with LRD was 23.3%
(7/30 patients) and age was a significant predictor in
this subset [Figure 5]. When we analyzed patients with
severe internal iliac artery calcification, the proportion
with LRD was 23.1% (6 of 26 patients) and age was again
a significant predictor in this subset [Figure 6]. LRD
occurred in 20.0% (3 of 15) of the patients with severe
calcification and taking oral AC/AP agents. LRD occurred
in 27.2% (3 of 11) of the patients with severe calcification
not taking oral AC/AP agents. One patient with neither oral
AC/AP agent treatment nor calcification had uncontrolled
hypertension and diabetes.

All patients with a total dose of 70 Gy or more delivered to
at least 7% of the rectal volume had LRD. In addition, LRD
was observed in three of the four patients receiving a total
dose of 65 Gy or more to at least 16% of the rectal volume.
Out of the seven patients given RT covering the lesser pelvis,
one presented with LRD and this patient had been taking
oral AC/AP agents. No LRD occurred in any of the patients
receiving irradiation to the postoperative site.

Discussion

We usually consult with several specialists in the fields
of gastroenterology, urology, and radiology, during LRD
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Figure 1: Rate of late rectal disorder-free survival in all patients (7 = 104).
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Figure 2: Late rectal disorder-free survival and anticoagulation/
antiplatelet agent use. P values were calculated by the stratified log-rank
test. Anticoagulation/antiplatelet (+), patients using anticoagulant/
antiplatelet agents (7 = 30); anticoagulation/antiplatelet (—), patients
not using these agents (7 = 74).
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Figure 3: Late rectal disorder-free survival and age. P values were
calculated using the stratified log-rank test. Under 75 years (n = 61);
75 years or older (n = 43).

conferences held at our institute. LRD is not a major
concern for gastroenterologists, in part due to the lack of
an established strategy for managing LRD, and few have
experienced cases actually requiring endoscopic treatment.
Urologists advocated avoiding adverse events associated
with radical therapies whenever possible because patients
with prostate cancer can generally expect considerably longer
survival than those with other urological malignancies.
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Table 2: Uni- and multi-variate analyses of risk factors predicting late rectal disorders after RT for prostate cancer

(n = 104)
Factor Univariate Multivariate
RR (95% CI) P RR (95% CI) P

Age 0.062 (0.008-0.482) 0.0003 0.095 (0.012-0.771) 0.0276
Calcification 3.871 (1.180-12.700) 0.0160 1.438 (0.354-5.847) 0.6118
AC and AP agents 4.850 (1.147-16.596) 0.0053 2.784 (0.650-11.925) 0.1676
DM 3.012 (0.881-10.301) 0.0643 1.687 (0.417-6.833) 0.4634
CRF 3.081 (0.393-24.169) 0.2588 1.584 (0.159-15.788) 0.6950
HT 3.400 (0.734-15.746) 0.0957 1.568 (0.307-8.000) 0.5885
Total RT dose 0.442 (0.117-1.667) 0.2150 0.570 (0.141-2.306) 0.4304

RR: Relative risk; CI: Confidence interval; AC: Anticoagulant; AP: Antiplatelet; DM: Diabetes mellitus; CRF: Chronic renal failure; HT: Hypertension;

RT: Radiation therapy.
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Figure 4: Late rectal disorder-free survival in patients with severe
arteriosclerosis. P values were calculated using the stratified log-rank
test. Arteriosclerosis (+), patients with arteriosclerosis (n = 26);
arteriosclerosis (—), patients without arteriosclerosis (7 = 78).

The present results suggest advanced age, the use of oral
AC/AP agents, and severe internal iliac artery calcification
to be risk factors for LRD following RT for prostate cancer.
Comprehensive assessment of LRD after RT has not yet
been achieved. Advanced age,!'>7 other complications,!'>!#!
diabetes mellitus,™!>'> hormone therapy,” ' and the use of
oral AC/AP agents?*! have been identified as patient-related
risk factors, though few multicenter clinical studies have
addressed these issues in detail.['”]

Among the various oral drugs administered for concomitant
diseases, we analyzed only oral AC/AP agents in this study.
The proportion of patients with LRD in this population was
23.3% (7/30 patients). In addition, the analysis of patients
receiving oral AC/AP agents revealed a significant difference
in age. This suggested that these two factors might additively
increase the risk for LRD.

In addition, we identified the causes of LRD in 76 patients
without apparent dose- or drug-related risk factors. Among
these 76 cases, there were 11 with severe arteriosclerosis.
Thus, we speculated that this patient-related factor, which
has not previously been a research focus, might contribute
to postirradiation LRD. Among the patients with LRD,
four (4/11 patients) were not receiving oral AC/AP therapy.
Of these four patients, three had severe arteriosclerosis.
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Figure 5: Late rectal disorder-free survival in patients taking
anticoagulation/antiplatelet agents by age (7 = 30). P values were
calculated using the stratified log-rank test. Under 75 years (n = 13);
75 years or older (n = 17).

Vascular insufficiency due to arteriosclerosis may also be
a causative factor for LRD, as suggested by Takeda et al.”

Moreover, among the thirty patients receiving oral
AC/AP therapy, there were 15 with severe arteriosclerosis.
LRD occurred in seven and three, respectively, of these 30
and 15 patients. Though the univariable analysis identified
each of these as risks for LRD, we found no synergistic effect
between these two factors. Circulatory disturbance has been
regarded as one of the causes of LRD after RT. Since the
study results suggested that severe arteriosclerosis might be
a risk factor for LRD, we hypothesized that anticoagulant
therapy might reduce the risk of LRD in patients with
severe arteriosclerosis. However, no synergistic effects
were observed. The main limitation of the present study is
its small sample size, and it is thus necessary to conduct a
large-scale clinical investigation in the future.

As for treatment-related factors, LRD occurred when a dose
of 70 Gy or more was delivered to at least 7% of the rectal
volume (3 of 3 patients). However, in the other four of these
seven patients, LRD occurred despite <3% of the rectal
volume having received a dose of 70 Gy or more. In fact, LRD
occurred when a dose of 65 Gy or more was delivered to more
than 16% of the rectal volume (3 of 4 patients). However, in
the other three of seven patients with LRD, the LRD occurred
despite <4% of the rectal volume having received a dose of
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Figure 6: Late rectal disorder-free survival in patients with severe
internal iliac artery calcification by age. P values were calculated
using the stratified log-rank test. Under 75 years (n = 9); 75 years
or older (n = 17).

65 Gy or more. Of course, the incidence of LRD does not
depend on doses alone, as reported by Hamstra et /.

The time from irradiation until the onset of LRD was
<2 years in all but one of the 11 patients. Based on the results,
we can reasonably assume that LRD would generally occur
<2 years after irradiation unless other factor(s), such as the
use of AC/AP agents, which may subsequently cause or
contribute to the development of this late complication, is
present.’'172 Since the mechanisms of action of AC/AP
agents vary, an exact cause cannot be specified. However,
given the severity of hypertension and diabetes mellitus and
the possible involvement of arteriosclerosis in the conditions
of our present patients, vascular endothelial dysfunction
might be a major factor contributing to LRD.

Since it is anticipated that increasing numbers of very
or extremely elderly patients will undergo RT in the
future, the possibility of complications developing after
irradiation should be considered, even in those without
comorbidities. The use of oral AC/AP agents, which
is often necessary to prevent the onset of cerebral or
myocardial infarction after irradiation, should be taken
into consideration as a possible cause of or contributor
to postirradiation LRD.™ Thus, meticulous treatment
planning and follow-up are necessary, particularly for
very elderly patients. Surgery might also be an option for
preventing rectal bleeding after RT. Thus, in all patients
undergoing RT, attention should be paid to organs at
risk. In addition, doses to the rectum might need to be
reduced if feasible, when administering therapies such as
intensity-modulated radiation therapy (IMRT).

Currently, our mainstay for external beam irradiation for
prostate cancer is IMRT. As a preliminary arrangement for
changing equipment from 3D-CRT to IMRT, it was essential
to conduct a risk assessment for the development of LRD.
Based on the present results, we confirmed the rectal dose
limitation in planning of IMRT together with image-guided
RT. We are planning to report the results of a toxicity
analysis, examining 3D-CRT versus IMRT, based on the
data obtained in the present study.

In conclusion, the results suggest the use of oral AC/AP agents,
advanced age, and severe internal iliac artery calcification to
be risk factors for LRD after RT for prostate cancer. In clinical
practice, it appears to be important to treat very elderly patients
cautiously, especially those administered oral AC/AP agents,
as well as to reduce doses to the rectum whenever feasible.
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