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Summary

A subcohort from the Scan-
dinavian Prostate Cancer
Group 7 trial, which included
Scandinavian men with
locally advanced prostate
cancer who were randomized
to hormone therapy alone
versus hormone therapy plus
radiation therapy, was
invited to a study on late
anorectal side effects,
approximately 5 years after
treatment. A significant
alteration of rectum function
after radiation therapy was
reported, but biopsies did not
show any long-term changes
in the rectal mucosa.
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Purpose: To investigate long-term changes in the rectal mucosa after curative external
beam radiation therapy in the treatment of prostate cancer.
Methods and Materials: In the Scandinavian Prostate Cancer Group 7 trial, 880 men
with locally advanced prostate cancer were randomized to hormonal therapy alone
versus hormonal therapy plus radiation therapy to 70 Gy. A subcohort from this trial
being randomized at our center (nZ178) was invited to a study on late anorectal side
effects during 2003-2005, approximately 5 years after treatment, including measuring
health-reported quality of life and physician-assessed toxicity score by the Late Effects
Normal Tissue Task Force/Subjective, Objective, Management, Analytic (LENT/
SOMA) and European Organization for Research and Treatment of Cancer/Radiation
Therapy Oncology Group score. Sixty-seven patients had a rectal mucosa biopsy.
Sixty-four biopsies were included in the final analysis, of which 33 patients were
randomized to hormonal treatment and 31 to hormonal treatment plus radiation ther-
apy. The presence of fibrosis, number of capillaries, and lymphocyte infiltration was
then evaluated by light microscopy.
Results: The group receiving radiation therapy had significantly higher LENT/SOMA
and function/bother scale scores than the group that only received hormonal treatment,
but there was no significant difference in the presence of fibrosis, ectasia, number of
capillaries in the lamina propria, or lymphocyte infiltration between the groups.
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Conclusion: Radiation therapy to 70 Gy to the prostate does not induce long-term
microscopic mucosal changes in the rectum 5 years after treatment. This is in contrast
to the general assumption that structural changes, including fibrosis, seen after radia-
tion therapy include the mucosa. We speculate that the main late effects of radiation
therapy on the structure of the rectum are located in the deeper layers of the rectal wall
than the mucosa. � 2016 Elsevier Inc. All rights reserved.
Introduction

External beam radiation therapy (EBRT) is established as
curative treatment for prostate cancer (PC) (1, 2). It has been
reported that EBRT in addition to hormonal therapy (HT)
reduces 10-year cancer-specific mortality from 23% to 11%
as compared with HTalone (1). Still, there are long-term side
effects of curative EBRT for PC caused by radiation to the
surrounding tissue, including altered rectal function like
increased stool frequency, urge incontinence, and leakage of
stools (3). In a previous study we evaluated anorectal symp-
toms by self-administered questionnaires, reporting higher
physician-evaluated toxicity grades and impaired rectal
function 5 years after treatment with EBRT (4). In the present
study we have investigated changes in the rectal mucosa in
biopsies from patients included in this cohort.

The pathophysiologic rationale for the rectal damage
induced by PC EBRT is not established. Few studies have
investigated long-term structural changes. In general, the
main histologic findings within the mucosa in humans after
EBRT have included acute inflammation as the early radi-
ation injury (5), followed by fibrosis and abnormal angio-
genesis (6). Structural changes have also included the
submucosa and muscular layers of the rectum wall.
Signaling pathways involving overexpression of trans-
forming growth factor b, vascular endothelial growth fac-
tor, and proinflammatory cytokines, as well as activation of
mast cells have been implicated, but knowledge is incom-
plete (7-11).

Reports on human rectal biopsies after PC EBRT treat-
ment are rare. The few studies available are limited to small
patient cohorts with biopsies either during, directly after, or
4-38 months after EBRT (5, 6, 8, 12). Even reports on long-
term changes after EBRT in murine studies are scarce and
only range to up to 3 years after EBRT (13, 14). Uncov-
ering the underlying cellular and molecular mechanisms for
long-term tissue damage after EBRT may provide new
opportunities for therapeutic intervention. The aim of the
present study was to evaluate biopsies of rectal mucosa
assessed by light microscopy in 64 patients included in a
randomized, controlled trial 5 years after treatment with
either HT alone or HT plus EBRT.
Methods and Materials

The Scandinavian Prostate Cancer Group 7 (SPCG-7)
trial has previously been reported (1). In short, during
1995-2002, 880 men with locally advanced (T2b-
T3bN0M0) PC were randomized to HT with leuprorelin
(3.75 mg per month or 11.25 mg every 3 months, first
3 months) and flutamide (250 mg 3 times daily) alone
versus HT plus EBRT. When antiandrogen treatment side
effects were evident, flutamide was stopped and then
reinstituted with stepwise increased dose to at least
500 mg. If this treatment failed, antiandrogen was
changed to bicalutamide (150 mg once daily). Radiation
therapy was delivered by 6- to 18-MV linear accelerators.
Treatment was 3-dimensional CT based, applying 4-field
technique to deliver 70 Gy in 35 fractions over 7 weeks.
The gross tumor volume 1 (GTV1) should consist of the
prostate alone, whereas the GTV2 should include both the
prostate and the seminal vesicles. The planning target
volumes included the GTVs plus a safety margin of 2 cm,
except for the posterior margin, which was 1.5 cm. The
outer contour of the rectum with content was delineated
within and below the treatment field. The rectal volume
was recommended shielded so that no more than half the
rectal circumference was given 50 Gy or more in any CT
section, regardless of consequences for the dose to the
posterior edge of the planning target volumes. However,
the GTVs plus a safety margin of 0.5 cm for microscopic
spreading should receive the prescribed dose. For the
patients with malignant infiltration of the seminal vesicles
(T3b), both the prostate and the seminal vesicles were
recommended treated to 70 Gy. For the other patients, the
seminal vesicles should be treated to 50 Gy and the
prostate to 70 Gy or higher.

A subcohort from this trial being randomized at
St Olavs Hospital (nZ178) was invited to a study on late
anorectal side effects during 2003-2005, approximately
5 years after treatment, measuring health-reported quality
of life (HRQOL), physician-assessed toxicity score by the
Late Effects Normal Tissue Task Force (LENT)/Subjec-
tive, Objective, Management, Analytic (SOMA) score, as
well as the European Organization for Research and
Treatment of Cancer (EORTC)/Radiation Therapy
Oncology Group (RTOG) score and physiologic mea-
surements (anorectal manometry and endoanal ultra-
sound). Health-reported quality of life was investigated by
a combination of the self-administered questionnaires
EORTC QLQ-C30 and QUFW-94 and represents patient-
reported outcome measures. The LENT/SOMA score is a
scoring system performed by health care professionals,
based on interview as well as clinical examinations of the
patient. The questionnaire QUFW94 evaluates side effects



Slagsvold et al. International Journal of Radiation Oncology � Biology � Physics1270
experienced by PC patients after pelvic radiation therapy
(15). The items were divided into 4 main categories:
general function, urinary problems, intestinal problems,
and sexual problems. Furthermore, a function/bother scale
was analyzed, composed of the mean of 5 single items,
including intestinal problems in general, stool frequency
in 24 hours, stool leakage, excessive gas, and limitation in
daily activity caused by intestinal problems, as proposed
by a previous report from our group (16). A total of 178
patients accepted inclusion. As previously reported (4), we
found higher physician-assessed toxicity grades and
impaired rectal function after EBRT. All patients were
asked to volunteer to have a biopsy, but patients taking
medication that increases risk of bleeding, or with a pre-
sent medical or surgical condition that increased risk of
bleeding or perforation, with the exception of radiation
therapyeinduced proctitis, were excluded. Among the
included patients, 67 had their rectal mucosa biopsied
approximately 5 years after treatment (Fig. 1). Biopsies
were performed by 5 different experienced gastrointestinal
surgeons at our center, all of them thoroughly instructed
on the importance of taking biopsies from areas close to
the prostate. Patients were instructed to eat only nonsolid
food from 1 PM the day before the examinations and to
empty their rectum by applying a mixture of 120 mg
dioctyl sodium sulfosuccinate and 30 g sorbitol 2 hours
before the appointment at the outpatient clinic. Three
3 � 3-mm large biopsies were harvested: 1 was fresh-
Assessed for eligibilitAssessed for eligibilit

Deaths (n=11)eaths (n=11)

Invited to study (n=78)nvited to study (n=78)

Biopsied and analyzed (n=33)iopsied and analyzed (n=33)

RT given T given 

Excluded (n=45)xcluded (n=45)
Declined to participate (n=25)eclined to participate (n=25)
Biopsy not performed (n=19)iopsy not performed (n=19)
Biopsy not possible to analyzeiopsy not possible to analyze

(n=1)n=1)

Randomized (n=Randomized (n=

Allocated to HT (n=91)llocated to HT (n=91)

Fig. 1. Study flowchart. Abbreviations: HT Z
frozen, and 2 were paraffin embedded after standard fix-
ation in 4% buffered formaldehyde and prepared for light
microscopic examination. Routinely 4-mm sectioning by
microtome and hematoxylin-eosin-saffron staining was
performed.

Light microscopy was performed by a highly experi-
enced clinical pathologist with no access to randomization
code before or during the light microscopy evaluations. The
whole biopsy from each patient was analyzed. The
following parameters were evaluated: (1) number of cap-
illaries in lamina propria, counted as total number (n) in (y)
mm2 surface of biopsy material; (2) fibrosis of lamina
propria, graded as 0 (none), I (slight), or II (heavy), as
compared with normal rectal mucosa; (3) lymphocyte
infiltration of lamina propria and/or epithelium, graded as
0 (normal amount), I (slightly increased), or II (heavily
increased), as compared with normal rectal mucosa; and (4)
presence of vascular ectasia, graded as yes or no.

To investigate whether increased LENT/SOMA and
symptom score were associated with changes in the rectal
mucosa, the light microscopic findings in the subgroup
having LENT/SOMA score grade �0.18 and function/
bother scale of the HRQOL �2 were analyzed.

SPSS 19.0 for Mac (IBM SPSS Statistics, Chicago, IL)
was applied for statistical calculations. For continuous
variables, 2-tailed Student t test for independent samples
was used. Categorical variables were analyzed by Pearson
c2 test. A 2-tailed P value <.05 was considered significant.
y (n=178)y (n=178)

Deaths (n=6)eaths (n=6)

Biopsied and analyzed (n=31)iopsied and analyzed (n=31)

Invited to study (n=83)nvited to study (n=83)
(n=2)(n=2)

Excluded (n=52)xcluded (n=52)
Declined to participate (n=33)eclined to participate (n=33)
Biopsy not performed (n=17)iopsy not performed (n=17)
Biopsy not possible to analyzeiopsy not possible to analyze

(n=2)n=2)

178)178)

Allocated to HT + RT (n=87)llocated to HT + RT (n=87)

hormonal therapy; RT Z radiation therapy.
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Results

Biopsies from 67 patients were prepared for light micro-
scopy, but 3 of these were not possible to evaluate owing to
no representative material. Thirty-three patients were ran-
domized to HT and 31 to HT plus RT. Hence, 64
biopsies were included in the final analysis. Baseline
characteristics of the patients are presented in Table 1.
Prostate cancerespecific mortality and overall mortality
rates were as reported in reference (4).

The results from light microscopy of the biopsies are
presented in Table 2. At first glance, there was an increased
presence of fibrosis in the group that only received HT
(nZ14), compared with the EBRT plus HT group (nZ8).
However, the difference was not statistically significant,
and no further differences between the groups were
detected.

The mean LENT/SOMA score grade and function/
bother scale of the HRQOL score for the groups are given
in Table 2. The group receiving HT plus RT had signifi-
cantly higher scores than those who only received HT.
There were no significant differences in the presence of
fibrosis, ectasia, number of capillaries in lamina propria, or
lymphocyte infiltration in the patients with LENT/SOMA
score grade �0.18 or function/bother scale of the HRQOL
�2, compared with those with fewer side effects and lower
scores.

Discussion

Most of our current knowledge on histologic changes and
molecular pathways activated in response to radiation
therapy is based on in vitro studies and animal models and
not clinical patient material (17). To our knowledge, this is
the first study to systematically evaluate microscopic
changes in rectal mucosa 5 years after treatment in a cohort
of patients being randomized to either EBRT plus HT or HT
only for PC. Surprisingly, the results suggest that EBRT to
70 Gy or more to the prostate does not induce long-term
mucosal changes in the rectum. Moreover, this is in
contrast to the general assumption that the fibrosis seen
Table 1 Baseline characteristics for 64 prostate cancer pa-
tients treated by hormonal therapy (HT) plus radiation therapy
(RT) versus HT alone

Characteristic
HT þ RT
(nZ31)

HT
(nZ33)

Age (y), mean � SD 69 � 6 71 � 6
T1 (n) 1 0
T2 (n) 0 3
T3 (n) 30 30
Present hormonal

treatment (n)
18 21

Time from treatment start
(mo), mean � SD

58 � 13 55 � 11
after EBRT includes the mucosa, as reported by others
(6, 14), but these studies consisted of a limited number of
patients and included diagnoses other than PC. The patient
samples in these reports were generally collected only a
few months after EBRT. Hence, they may reflect acute
changes rather than long-term changes.

Studies report acute inflammation in the mucosa shortly
after EBRT (5), but that seems not to be the case 5 years
after treatment: there were no differences in lymphocyte
infiltration in the mucosa in the patients who received
EBRT compared with those who only received HT. Neither
was there any change in number of capillaries or increase of
ectasia in the rectal mucosa after EBRT compared with
those treated only by HT (Table 2). The present results
demonstrate that the mucosa seems to regenerate normally
after EBRT and that no structural changes are present
5 years after treatment. This may not be surprising, because
the intestinal mucosa has a high capability of regeneration
after tissue damage (18).

In our previous study (4), we reported a marked alter-
ation in rectum function after EBRT. We did not register
whether the patients had received therapy for rectal
symptoms after the treatment. However, all patients in our
study were evaluated by clinical measures (patient-reported
outcome measures, LENT/SOMA, EORTC/RTOG grading,
and anal ultrasound/manometry) at the same point in time,
demonstrating a significant increase in stool frequency and
urgency combined with a considerable reduction in rectal
compliance but only a slight increase in blood and mucus
per rectum in the patients who had received EBRT. If the
mucosa had been the predominant layer of the rectum being
affected by EBRT, most likely bleeding and mucus would
be the main symptoms. Because of the risk of complica-
tions and side effects, the biopsies analyzed in the present
study only included the rectal mucosa. No patient biopsies
included the muscularis propria or deeper layers of the
rectal wall. Others have reported changes in these deeper
layers of the rectum less than 5 years after EBRT treatment
(6, 14), and given the altered rectal function it is likely that
similar changes may be present also at 5 years after EBRT
treatment. Thus, it may be assumed that the main late side
effects of EBRT on the structure of the rectum are located
in the deeper layers of the rectum wall than the mucosa.

We did not compare our biopsies to non-PC patients in
the same age group. We are not aware of any systematic
studies with biopsies from rectal mucosa of such patients
investigating fibrosis, vascular ectasia, lymphocyte infil-
tration, or number of capillaries. However, treatment with
leuprorelin or flutamide is not known to alter the rectal
mucosa. We therefore consider the group of patients who
only received flutamide treatment valid as a control group.

Clinical measures of rectum function were not assessed
at baseline before treatment. However, the patients were
randomized into treatment groups, and as shown in Table 1,
other baseline characteristics were very similar. A limita-
tion to our study is the number of patients. Only 67 patients
had a rectal biopsy. There was as significant amount of



Table 2 Light-microscopic findings in rectal mucosa, mean LENT/SOMA score grade, and function/bother scale score for 64 prostate
cancer patients randomized to hormonal treatment (HT) plus radiation therapy (RT) versus HT alone

Parameter HT þ RT (nZ31) HT (nZ33) P

No. of capillaries in lamina propria, mean � SD* 2.8 � 2.3 2.9 � 2.6 .87
Fibrosis of lamina propria/or epithelium (n)y 8 14 .16
Lymphocyte infiltration of lamina propria and/or epithelium (n)z 8 7 .67
Presence of vascular ectasia (n) 9 8 .67
LENT/SOMA score grade, mean � SD 0.14 � 0.14 0.06 � 0.15 .04x

Function/bother scale score, mean � SD 1.6 � 1.2 0.9 � 0.9 .02x

Abbreviation: LENT/SOMA Z Late Effects Normal Tissue Task Force/Subjective, Objective, Management, Analytic.

* Number of capillaries in lamina propria, counted as total number (n) in (y) mm2 surface of biopsy material.
y Graded as slight or heavy.
z Graded as slightly or heavily increased.
x Statistically significant difference.
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patient dropout from the study, mostly because patients
declined our invitation. Despite this and because of the
coherent results of the biopsies, we have no reason to
believe the data obtained are not valid for other patients.
Compared with the limited number of studies on this topic,
the presented findings are, to our knowledge, the largest
patient material on histologic changes in the rectum in a
clinical setting ever published.

It may be argued that biopsies were not taken in repre-
sentative areas of the rectum (ie, outside the irradiated part
of the rectum). However, all biopsies were performed at 1
center by a few highly experienced surgeons working
closely together and with a clearly described intent to take
biopsies close to the prostate. We believe the biopsies
analyzed and presented here to be representative and valid.

In conclusion, to our knowledge this is the first study to
analyze radiation-induced findings in rectal mucosa 5 years
after treatment of patients included in a randomized,
controlled trial comparing EBRT versus no EBRT. External
beam radiation therapy did not induce changes in the rectal
mucosa. The present results provide insight into the limited
studied field of long-term side effects of EBRT on histo-
logic changes in a clinical setting. It is likely that the late
effects on the structure of the rectum after EBRT are
located in the deeper layers of the rectum wall than the
mucosa.
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