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Abstract

Purpose: To evaluate the safety of stereotactic body radiation therapy (SBRT) for prostate cancer in men with inflammatory bowel
disease (IBD).

Methods and Materials: We queried a consortium database for patients with IBD receiving SBRT for prostate cancer between 2006
and 2012. Identified patients were matched with patients without a history of IBD in a 3:1 fashion based on dose, fractionation, use of
androgen deprivation therapy, and age distribution. Logistic regression was used to evaluate the association between having IBD and
experiencing acute and late gastrointestinal (GI) and genitourinary (GU) toxicities as scored on the Common Terminology Criteria for
Adverse Events scale. Time to late toxicity was evaluated using proportional hazard Cox models. Our study was limited by absence of
data on prostate size, baseline International Prostate Symptom Score, and rectal dose-volume histogram parameters.

Results: Thirty-nine patients with flare-free IBD at time of treatment (median follow-up 83.9 months) and 117 matched controls
(median follow-up 88.7 months) were identified. A diagnosis of IBD was associated with increased odds of developing any late grade
GI toxicity (odds ratio [OR] 6.11, P <.001) and GU toxicity (odds ratio 6.14, P < .001), but not odds of developing late grade >2 GI
(P =.08) or GU toxicity (P = .069). Acute GI and GU toxicity, both overall and for grade >2 toxicities, were more frequent in men
with IBD (P < .05). Time to late GI and GU toxicity of any grade was significantly shorter in patients with IBD (P < .001). Time to
late grade >2 GU, but not grade >2 GI toxicity, was also shorter in patients with IBD (P = .044 for GU and P = .144 for GI).
Conclusions: Patients with IBD who received SBRT for PCa had a higher likelihood of developing acute GI and GU toxicity, in
addition to experiencing lower grade late toxicities that occurred earlier. However, patients with IBD did not have a higher likelihood
for late grade >2 GI or GU toxicity after SBRT compared with the control cohort. Interpretation of this data are limited by the small
sample size. Thus, men with IBD in remission should be properly counseled about these risks when considering SBRT.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Inflammatory bowel disease (IBD) is a clinical entity
composed of Crohn disease and ulcerative colitis that is
characterized by acute and chronic inflammatory states
within the gastrointestinal (GI) tract. IBD may be associ-
ated with a slightly higher risk for developing prostate
cancer (PCa),’ which is the most common noncutaneous
malignancy among men in the United States.” Most men
with localized PCa warranting definitive treatment are
treated with definitive external beam radiation therapy,
radical prostatectomy, or brachytherapy.” Historically,
however, radiation therapy has been considered a rela-
tive, if not absolute, contraindication for patients with
IBD.>® Thus, patients with IBD are often offered nonra-
diotherapeutic management.

Recent studies have challenged the notion that defini-
tive radiation therapy for PCa leads to higher rates of late
toxicity among patients with IBD.”* These case-control
series have generally evaluated conventionally fraction-
ated radiation therapy and included patients receiving
brachytherapy to help identify sufficient cases for analy-
sis. To our knowledge, no studies have been published
evaluating any associations between a diagnosis of IBD
and toxicity after stereotactic body radiation therapy
(SBRT), which is an emerging standard of care option for
PCa with a favorable efficacy and safety profile.”'” In
SBRT regimens, higher doses of radiation are delivered
per fraction using sophisticated planning and delivery
techniques. The delivery of significantly higher doses per
day may effect toxicity considerations in patients with a
history of IBD, although the precision necessitated by

this approach may help minimize untoward increases in
toxicity. The aim of this multicenter matched case-con-
trol study was to assess the GI and genitourinary (GU)
toxicities after SBRT in PCa patients with and without
IBD.

Methods and Materials

We queried a multi-institutional consortium of 2142
men treated with SBRT for PCa between 2000 and 2012
and identified patients with a documented history of IBD
that was in remission (inactive IBD) at the time of treat-
ment, as determined by the treating gastroenterologist.
Inclusion criteria consisted of clinically localized PCa,
treatment for PCa with SBRT, and documented history of
IBD with either Crohn disease or ulcerative colitis, or
IBD not otherwise specified. Men with active IBD at the
time of SBRT were excluded from this retrospective anal-
ysis. All men received SBRT in 5 fractions with total
dose being 35 Gy, 36.25 Gy, or 40 Gy. Details about this
cohort have been previously published.''

Next, we matched controls to the IBD cohort accord-
ing to distribution of RT dose, fractionation, androgen
deprivation therapy use, and age using a 3:1 matching
process to identify controls. Common Terminology Crite-
ria for Adverse Events, version 4 scoring criteria were
used to grade GI and GU effects.'” The primary outcomes
were acute and late grade >2 GI and GU toxicities. Crude
incidences of toxicity among patients with IBD and
matched controls were compared using Fisher exact test.
Logistic regression was used to evaluate the association
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Table 1 Patient and treatment characteristics
Variable Control (n=117) IBD (n =39) P value
Age at treatment, y 63 (54-69.9) 65 (60-70) .102
Initial PSA 5.9 (4.5-7.8) 5.8 (4.2-8) .654
Dose per fraction .001
7 (%) 0 (0) 5(12.8)
7.25 (%) 10 (8.5) 6 (15.4)
8 (%) 107 (91.5) 28 (71.8)
ADT use .011
No (%) 115 (98.3) 34 (87.2)
Yes (%) 2(1.7) 5(12.8)
Follow-up, mo 88.7 (75.6-102) 83.9 (66.8-94.9) 152

All patients were treated every other day.

Abbreviations: ADT = androgen deprivation therapy; IBD = inflammatory bowel disease; PSA = prostate-specific antigen.

between IBD and GI or GU toxicity after SBRT. The
association between IBD and time to late GI or GU toxic-
ity was evaluated with Cox proportional hazard models.
All tests for significance were 2-sided. A P value less
than .05 was considered statistically significant. All sta-
tistical analyses were carried out using SAS version 9.0
and R version 4.0.2.

Results

Baseline patient and treatment characteristics includ-
ing dose-fractionation, androgen deprivation therapy use,
and median follow-up for the IBD and control cohorts
treated with SBRT are shown in Table 1. The IBD and
control cohorts had median follow-up of 83.9 months
(range, 66.8-94.9) and 88.7 months (range, 75.6-102),
respectively. No patient in the IBD cohort had an active
flare at the time of treatment. Crude incidences of acute
and late toxicity are presented in Table 2 and Figure 1.
The crude incidence of acute grade >2 GI (7.7% vs 0%,
P = .015) and GU (30.8% vs 3.4%, P < .001) toxicities
were significantly higher in the IBD versus the control
cohort. However, the IBD and control cohorts had no sig-
nificant difference in crude incidences of late grade >2
GI (5.1% vs 0%, P = .061) and GU (17.9% vs 7.7%,
P = .123) toxicities. For patients with IBD, one patient
experienced a late grade 2 GI toxicity event caused by
diarrhea, and the majority of the late grade 2 GU toxic-
ities included urinary frequency and retention. In the IBD
cohort, there were no acute grade 3 GI or GU toxicity
events. However, there were one late grade 3 GI (ana fis-
tula requiring fistulotomy) and one late grade 3 GU (blad-
der tumor requiring fulguration) toxicity events, but no
grade 4 events, in the IBD cohort.

Logistic regression models for acute and late toxicity
are presented in Table 3. Compared with controls,
patients with IBD had significantly higher odds of devel-
oping acute grade >2 GI (odds ratio [OR] = 22.53; 95%
confidence interval [CI], 1.12%-453.78%; P = .042) and

acute grade >2 GU toxicities (OR = 11.47; 95% CI
3.58%-36.70%; P <.001). However, IBD was not associ-
ated with higher odds of late grade >2 GI (P = .08) or
GU (P = .069) toxicities, although it was associated with
time to late GI and GU toxicity.

Cox models for time to late GI and GU toxicity are
shown in Table 4, and Kaplan-Meier curves of toxicity-
free survival are shown in Figure 2. There was no

Table 2 Crude incidence of toxicity
Control IBD P value

GI toxicity

Any acute GI .005
No (%) 107 (91.5) 28 (71.8)

Yes (%) 10 (8.5) 11 (28.2)

Acute GI >2 .015
No (%) 36 (92.3)

Yes (%) 0 (0) 3(7.7)

Any late GI .001
No (%) 111 (94.9) 29 (74.4)

Yes (%) 6(5.1) 10 (25.6)

Late GI >2 .061
No (%) 117 (100) 37 (94.9)

Yes (%) 0 (0) 2(5.1)

GU toxicity

Any acute GU <.001
No (%) 98 (83.8) 17 (43.6) No
Yes (%) 19 (16.2) 22 (56.4) Yes

Acute GU >2 <.001
No (%) 113 (96.6) 27 (69.2)

Yes (%) 4(3.4) 12 (30.8)

Any late GU <.001
No (%) 103 (88) 21 (53.8) No
Yes (%) 14 (12) 18 (46.2) Yes

Late GU >2 .123
No (%) 108 (92.3) 32(82.1)

Yes (%) 9 (7.7) 7(17.9)

Toxicity after stereotactic body radiation therapy was compared
using the Fisher exact test.

Abbreviations: Gl = gastrointestinal; GU = genitourinary; IBD = inflam-
matory bowel disease.
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Figure 1 Crude incidences of gastrointestinal (GI) and genitourinary (GU) toxicity among patients with inflammatory bowel disease
and matched controls. Bar graph showing proportion of patients with acute or late GI or GU toxicity on the Common Terminology Cri-
teria for Adverse Events v4.03 scale. Red, control; blue, patients with inflammatory bowel disease.

significant difference in time to late grade >2 GI toxicity in
patients with IBD (P = .14); however, patients with IBD
had a significantly shorter time to late grade >2 GU toxicity
(hazard ratio [HR] = 2.75; 95% CI, 1.03%-7.4%, P = .04).
On Kaplan-Meier analysis, toxicity-free survival was signif-
icantly lower in patients with IBD with respect to both late
grade >2 GI (P =.011) and GU (P = .039) toxicities.

Discussion

In this multi-institutional matched case-control cohort
study we found that men with inactive IBD who received
SBRT for PCa did not have significantly higher odds of
late GI or GU grade >2 toxicity, although low-grade late
GI and GU toxicities were significantly greater and time
to toxicity was significantly shorter. Acute grade >2 tox-
icities were also significantly more common among
patients with IBD. It must be acknowledged that the lack
of a statistically significant increase in late toxicities in
the IBD cohort may simply reflect the low sample size,
and, as such, SBRT in this patient population must be
approached with caution.

Table 3  Unadjusted logistic regression for development of
toxicity in IBD cohort
OR (95% CI) P value
GI Toxicity
Any acute GI 4.13 (1.61-10.59) .003
Acute GI, grade >2 22.53 (1.12-453.78) .042
Any late GI 6.11 (2.1-17.77) <.001
Late GI, grade >2 15.67 (0.72-339.57) .080
GU toxicity
Any acute GU 6.49 (2.92-14.44) <.001
Acute GU, grade >2 11.47 (3.58-36.70) <.001
Any late GU 6.14 (2.66-14.18) <.001
Late GU, grade >2 2.64 (0.93-7.49) .069

Association of having IBD and experiencing GI and GU toxicities
were evaluated using logistic regression.

Abbreviations: CI = confidence interval; GI = gastrointestinal;
GU = genitourinary; IBD inflammatory bowel disease; OR = odds
ratio.

Historically, IBD has been considered a contraindica-
tion to radiation therapy. In fact, the 2020 National Com-
prehensive Cancer Network guidelines suggest that
inactive ulcerative colitis is a relative contraindication to
treatment with radiation therapy, while active ulcerative
colitis is an absolute contraindication.” The landmark
PACE-B trial excluded patients with IBD from enroll-
ment, as did many of the single-arm phase 2 studies
included in consortium analyses that have reported on the
overall safety of SBRT. However, several previous case-
control reports have suggested that other forms of radia-
tion, such as conventionally fractionated radiation ther-
apy and brachytherapy, have a reasonable safety profile
among patients with IBD.”*

In contraindications to treatment, an international sys-
temic review and meta-analysis, Lin et al reported inci-
dence of radiation therapy-related acute and late
toxicities among patients with collagen vascular disease
and IBD. They found that patients with collagen vascular
disease and IBD had a relatively low incidence of severe
toxicity (10%-15% risk of any grade >3 toxicity, <5%
risk of grade 4 toxicity, and a <1% risk of grade 5 toxic-
ity)."* Murphy et al compared with toxicity rates between
21 PCa patients with IBD and 63 matched controls
(median follow-up of 49 months) who received external
beam radiation therapy (either 3-dimensional conformal

Table 4 Unadjusted proportional hazard Cox models for
time to late toxicity in IBD cohort

HR (95% CI) P value
GI Toxicity
Any late GI 5.99 (2.18-16.46) <.001
Late GI, grade >2 15.99 (0.39-659.5) 144
GU toxicity
Any late GU 5.44 (2.69-11.01) <.001
Late GU, grade >2 2.75 (1.03-7.4) .044

Time to late toxicity was evaluated using proportional hazard Cox
models.
Abbreviations: CI = confidence interval; GI = gastrointestinal;
GU = genitourinary; HR = hazard ratio; IBD inflammatory bowel
disease.
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Figure 2 Gastrointestinal (GI) and genitourinary (GU) toxicity-free survival curves among patients with inflammatory bowel disease
and matched controls. Survival curves were generated using the Kaplan-Meier method, with late GI or GU toxicity on the Common
Terminology Criteria for Adverse Events v4.03 scale. Red, matched controls; blue, patients with inflammatory bowel disease.

radiation therapy or intensity modulated radiation therapy)
or permanent interstitial low-dose-rate I-125 brachyther-
apy. They found that the IBD cohort had an increased inci-
dence of acute grade >2 GI toxicity and late grade >2 GI
toxicity, but these incidences were not significantly differ-
ent from the control cohort.” The authors reported one
acute grade 3 GI and one late grade 3 GU toxicity events,
but no grade 4 events. The results of our analysis compris-
ing 39 men with IBD (median follow-up of 83.9 months)
agree with the results from Murphy et al and Lin et al, and
further support the notion that radiation therapy in patients
with IBD may not be an absolute contraindication.
Extreme hypofractionation using SBRT for localized
PCa is recognized as an appropriate treatment option
with a favorable toxicity profile for men with localized
PCa who do not have contraindications, such as IBD.
Lehrer et al performed a meta-analysis of phase 3 ran-
domized trials that characterized the efficacy and safety
of ultrahypofractionated radiation therapy (SBRT) versus
hypofractionated radiation therapy and conventionally
fractionated radiation therapy among men with PCa with-
out contraindications to therapy. They found that SBRT

regimens appeared to offer similar levels of safety and
efficacy compared with hypofractionated and convention-
ally fractionated regimens.'” The IBD cohort in our study
developed lower incidence of late grade >2 GI toxicity
(5.1%) versus the conventionally fractionated arm (range,
5.4%-22%), hypofractionated arm (range, 8.9%-25.6%),
and SBRT arm (10%). Furthermore, the IBD cohort in
our study had a similar rate of late grade >2 GU toxicity
(17.9%) compared with the conventionally fractionated
arm (range, 6.5%-45.6%), hypofractionated arm (range,
6.1%-49.3%), and SBRT arm (18%) in the Lehrer et al
study. Together these results suggest that and SBRT in
patients with IBD is not an absolute contraindication, use
of SBRT should be approached cautiously as patients are
at risk of developing late grade >2 GU toxicity.

Our study is noteworthy because it shows that patients
with IBD who were treated with SBRT had a toxicity pro-
file (at a longer median follow-up than other studies)’*
that is similar to that of patients with IBD who were
treated with other forms of radiation therapy. However,
the lack of individual patient data from those treated with
more extended fractionation schemes or brachytherapy
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limits any conclusions that can be drawn, and further
study is needed. Moreover, the increase in acute toxicity
and potential for increased late toxicity, along with the
clearly shorter toxicity-free survival, do raise concern for
whether SBRT would be a preferred modality in this
patient population, as most men likely have other treat-
ment options. We found increased rates of acute >2 GI
toxicity and lower rates of late grade >2 GI toxicity-free
survival among patients with IBD, but otherwise no
increased odds of late grade >2 GI toxicity or differences
in time to late grade >2 GI toxicity. In comparison to the
crude incidence data from Murphy et al, the IBD cohort
in our study developed lower incidence of acute grade >2
GI toxicity (25% vs 7.7%) and late grade >2 GI toxicity
(10% vs 5.1%). The IBD cohort had no acute grade 3 GI
or GU toxicity events; but there were one late grade 3 GI
and one late grade 3 GU toxicity events. Interestingly, we
identified an increased rate of GU toxicity in both the
acute and late settings, as well as a significantly shorter
time to late grade >2 GU toxicity.

The greater likelihood of developing acute grade >2
GI and GU toxicities after SBRT in the IBD cohort may
be associated to the underlying processes causing chronic
inflammation in IBD patients and an immunomodulatory
response from radiotherapy.'®'” Preclinical data suggests
that SBRT-induced tumor cell death triggers the release
of tumor antigens and inflammatory cytokines,'® which
could increase the risk of developing both GI and GU
toxicity. This is supported by the delayed occurrence of
urinary symptoms after SBRT and rapid symptomatic
response to oral steroids.'” On the other hand, the use of
first line therapies for IBD, such as glucocorticoids, poses
risk for development of comorbid conditions including
cardiovascular and metabolic diseases.”” A study by
Zaorsky et al found that men with unmanaged type 2 dia-
betes mellitus and men with type 2 diabetes mellitus
receiving insulin had worse prostate cancer outcomes and
toxicities than men without type 2 diabetes mellitus.”’
Therefore, another possibility for the greater likelihood
of developing acute grade >2 GI and GU toxicities after
SBRT in the IBD cohort may be associated with underly-
ing comorbidities. However, further research is needed to
elucidate causes of post-SBRT toxicities.

There are several limitations to this study. It should be
noted that while comparisons of toxicity data between
the IBD cohort and controls did not reach significance,
there was a trend to significance, and this could be an arti-
fact of the small size of the cohort. There was unmea-
sured bias by treating physicians in recommending
radiation therapy versus surgery, despite IBD and control
cohorts having similar baseline characteristics. Data on
prostate size, baseline International Prostate Symptom
Score, and rectal dose-volume histogram parameters
were not available for these patients. Furthermore, due to
the retrospective design of this study, it was difficult to
distinguish radiation colitis toxicity from the symptoms

of IBD flareups. Lastly, details on immunomodulatory
medications, flare-free interval before radiation, and
comorbid conditions were not available in our data set.

Conclusions

This multicenter matched case-control study shows
that compared with controls, SBRT-treated PCa patients
with inactive IBD had a toxicity profile that is similar to
previous reported studies analyzing toxicity of conven-
tional fractionation. Although patients with IBD had a
higher likelihood of developing acute grade >2 GI and
GU toxicities, this difference was not seen in the long
term follow-up (median follow-up of 83.9 months). How-
ever, interpretation of this data are limited by the small
sample size. We do not recommend SBRT for patients
who are in the midst of an active flare and caution treat-
ment for those who had an acute flare in the year before
SBRT. Moreover, given the potential for increased toxic-
ity, caution should be taken when recommending SBRT
to PCa patients with IBD who are in remission. Patients
must be carefully counseled about the potential risks.
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