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Abstract

Background: Historically, IBD has been thought to increase the underlying risk of radiation related toxicity in the
treatment of prostate cancer. In the modern era, contemporary radiation planning and delivery may mitigate radi-
ation-related toxicity in this theoretically high-risk cohort. This is the first manuscript to report clinical outcomes for
men diagnosed with prostate cancer and underlying IBD curatively treated with stereotactic body radiation therapy
(SBRT).

Methods: A large institutional database of patients (n =4245) treated with SBRT for adenocarcinoma of the prostate
was interrogated to identify patients who were diagnosed with underlying IBD prior to treatment. All patients were
treated with SBRT over five treatment fractions using a robotic radiosurgical platform and fiducial tracking. Baseline
IBD characteristics including IBD subtype, pre-SBRT IBD medications, and EPIC bowel questionnaires were reviewed
for the IBD cohort. Acute and late toxicity was evaluated using the CTCAE version 5.0.

Results: A total of 31 patients were identified who had underlying IBD prior to SBRT for the curative treatment of
prostate cancer. The majority (n=18) were diagnosed with ulcerative colitis and were being treated with local steroid
suppositories for IBD. No biochemical relapses were observed in the IBD cohort with early follow up. High-grade acute
and late toxicities were rare (n=1, grade 3 proctitis) with a median time to any Gl toxicity of 22 months. Hemorrhoidal
flare was the most common low-grade toxicity observed (n=3).

Conclusion: To date, this is one of the largest groups of patients with IBD treated safely and effectively with radia-
tion for prostate cancer and the only review of patients treated with SBRT. Caution is warranted when delivering
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therapeutic radiation to patients with IBD, however modern radiation techniques appear to have mitigated the risk of

Gl side effects.

Keywords: Prostate, Stereotactic body radiation therapy, Inflammatory bowel disease, Ulcerative colitis, Crohn's

disease

Background

Inflammatory bowel disease (IBD) is a chronic idiopathic
inflammatory disorder that affects over one million indi-
viduals in the United States and is increasing in incidence
[1, 2]. The illness is separated into two distinct subtypes:
(1) Crohn’s disease (CD), and (2) ulcerative colitis (UC).
Each type carries discrete anatomical and pathophysi-
ological characteristics, but both can fundamentally
worsen baseline bowel function [3]. Moreover, IBD car-
ries an increased risk of secondary malignancies [4]. As
such, notable efforts have been made to minimize expo-
sure of patients diagnosed with IBD to ionizing radiation
even those used for diagnostic purposes [5-8].

Autoimmune disorders including IBD are thought to
lead to synergistic increases in toxicity when combined
with therapeutic radiation, and great caution has been
historically exercised with their combination. A systemic
review of the literature identified only eight trials with a
total of 144 patients diagnosed with underlying IBD and
treated with pelvic radiotherapy [9]. Small case stud-
ies have warned against the use of radiation in cases of
underlying IBD, and have labeled therapeutic radiation
as a “relative contraindication” [10, 11]. Older data from
Massachusetts General Hospital (MGH) reported nearly
a 50% rate of “severe toxicity” in 28 patients identified
from 1970 to 1999 who were treated with abdominopel-
vic radiotherapy for a variety of malignancies including
seven patients with prostate cancer [12]. Such late tox-
icity included 29% of patients requiring surgical inter-
vention or hospitalization. Therefore, in cases such as
prostate cancer where definitive treatment options exist
outside of radiation, such alternative local therapies have
thus been prudently advocated [12]. It is important to
note that anti-inflammatories used to manage IBD can
also increase the risk of wound dehiscence and infection
following surgery, thus their peri-operative discontinua-
tion may in and of itself flair underlying IBD [13].

In the current era, the toxicity risk with radiation
appears to be lower if patients are carefully selected
and new radiation modalities are utilized [14—19]. Ste-
reotactic body radiation therapy (SBRT) has been dem-
onstrated to be clinically effective and has become a
ubiquitous option for selected men with localized adeno-
carcinoma of the prostate [20]. However, no literature
exists regarding the acute and late toxicity for men with
underlying IBD treated with SBRT for prostate cancer. It

is reasonable to hypothesize that SBRT using contempo-
rary imaging, advanced treatment planning, and precise
radiation delivery could mitigate radiation-related toxic-
ity in this theoretically higher risk cohort.

In this manuscript, we describe our large institutional
experience, spanning nearly a decade, and review the
clinical outcomes of patients diagnosed with underlying
IBD and subsequently treated with SBRT for localized
prostate cancer.

Methods

Patient eligibility

This single institutional review of patients treated with
SBRT for prostate cancer was approved by the local Insti-
tutional Review Board (Study # 00001269). All patients
were evaluated by a radiation oncologist and deemed
appropriate for definitive SBRT. All patients underwent
pre-treatment diagnostic tests including clinical exami-
nation, PSA, and transrectal ultrasound-guided biopsy.
Patients were categorized into D’Amico risk group clas-
sifications. All patients underwent placement of fiducial
markers in the prostate approximately one week prior to
simulation. Fiducial markers were utilized for inter- and
intra-fractional image guidance using a robotic radio-
surgical platform. Patient IBD history was reviewed in
detail to determine the diagnosed subtype of disease as
UC, CD, or IBD not otherwise specified. Pre-SBRT IBD
treatment (e.g. suppositories, systemic steroids, etc.) was
reviewed and documented (Table 2).

Simulation, planning, and treatment delivery

All patients underwent computed tomography (CT)-
based radiation treatment planning simulation (GE
Optima 580). An MRI of the prostate was also obtained
in the majority of cases at the time of simulation and
fused with the primary simulation CT scan at the level
of the fiducials to assist in target volume delineation with
particular attention paid to the prostate and rectal inter-
face. Patients were recommended enema usage prior to
simulation and delivery of each treatment fraction. Tar-
get volume contours were generated using previously
defined definitions. Nodal radiation was incorporated
for those patients deemed to be at high risk for nodal
involvement. Organs at risk (OAR) were contoured and
included rectosigmoid, bladder, penile bulb, small bowel,
and femoral heads.



Lischalk et al. Radiat Oncol (2021) 16:126

Clinical target volume included the entire prostate and
proximal seminal vesicles. A 5 mm isometric expansion
of the CTV was created with a tighter, 3 mm, posterior
margin to form the PTV. Dose calculations and planning
optimization were performed using Accuray MultiPlan
software. Beam angles were created to optimize tar-
get volume coverage and minimize exposure of normal
structures, with particular attention paid to the rectum.
Dosimetric constraints for the aforementioned normal
structures were utilized based on institutional standards.
All patients were treated using SBRT delivered over five
treatment fractions. Treatments were delivered using
a robotic radiosurgical platform with prostate motion
accounted for in the x-, y-, and z-plane. All patients
received intra-rectal amifostine in effort to reduce the
risk of radiation-related GI toxicity. Finally, a small num-
ber of patients underwent pre-treatment rectal spacer
placement, though the majority of patients were treated
in an era prior to widespread spacer use.

Follow-up

Acute toxicity was defined as that occurring within
90 days of treatment completion. Late toxicity was
defined as that occurring greater than 90 days after
radiotherapy completion. Toxicity was reported using
the Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0. Patients were followed using serial
PSA and clinical examination commonly at 3-month
intervals for the first year and subsequently every
6-12 months thereafter. Toxicity was measured from
completion of SBRT. Patients who underwent EPIC ques-
tionnaires pre and post SBRT were reviewed with a spe-
cific focus on bowel habits.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) version 24 (Armonk,
NY). The IBD and non-IBD cohort demographic, can-
cer, and treatment data were compared using Chi-Square
analysis.

Results

Patient and tumor characteristics

In this single institutional retrospective review, we iden-
tified 4,245 patients who were treated with definitive
SBRT for localized prostate cancer from 2012 to 2020.
Of this cohort, 31 patients (1%) were found to have an
underlying diagnosis of IBD prior to undergoing SBRT.
The majority of patients in the IBD cohort were between
the ages of 60 and 70 years, and there was no significant
difference (p=0.58) in the age distribution between
the IBD and non-IBD patients when analyzed as a con-
tinuous variable. The majority of IBD patients had an
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excellent documented ECOG performance status of 1
(n=18, 58%). Androgen deprivation therapy was utilized
as a component of treatment in the minority of patients
(n=7, 23%), and was not significantly different relative to
the non-IBD cohort.

Within the IBD cohort, the prostate cancer risk
grouping was as follows: low (n=38, 26%), intermediate
(n=17, 55%), and high (n=6, 19%). Pre-treatment PSA
was <10 ng/mL in the majority of patients (n=24, 77%).
There were no patients found to have locally advanced
(i.e. clinical stage T3-4) disease and nearly half were
diagnosed with pathologic grade group 2 cancer (n=13,
42%). There was no statistically significant difference
identified between the IBD and non-IBD cohorts from
a PSA (p=0.09), clinical stage (p=0.65), pathological
grade group (p=0.83), or overall risk group standpoint
(p=0.97). Patient and tumor characteristics are listed in
Table 1.

Inflammatory bowel disease diagnosis and severity prior
to treatment

Inflammatory bowel disease subtype was most commonly
UC (n=18, 58%) followed by CD (n=11, 26%) with the
remainder of patients having IBD not otherwise speci-
fied (n=2, 16%). The majority of patients (n=24, 77%)
with IBD received medical treatment prior to undergoing
radiotherapy. The majority of patients received treatment
with local steroidal suppositories (n=15, 48%). However,
systemic treatment was prescribed in nine patients (29%)
and included prednisone, hydroxychloroquine, and meth-
otrexate amongst other medications. Anticoagulation use
was not common in the IBD cohort (n=5, 16%). Nearly
half of patients (n=14) within the IBD cohort completed
EPIC questionnaires prior to SBRT, which were inter-
rogated for HRQOL bowel domain summary and bowel
subscales. Overall, pretreatment HRQOL bowel domain
summary scores for the IBD cohort were good with a
median score of 90.18 (range, 37.50—100.0). The median
pre-SBRT domain-specific HRQOL subscales for bowel
function and bother were 94.64 (range, 46.43-100.00)
and 91.07 (range, 28.57-100.00), respectively. Inflamma-
tory bowel disease and EPIC questionnaire data details
are shown in Tables 2 and 3, respectively.

Treatment and dosimetric characteristics

All patients were treated with SBRT to the prostate and
proximal seminal vesicles. However, two patients within
the IBD group received supplemental pelvic nodal irra-
diation followed by a prostate and seminal vesicle SBRT
boost due to their high-risk disease. The majority of
patients were treated to a total dose of 3500 cGy in five
fractions (n=26, 84%). Of the remaining patients, three
were treated to 3625 cGy and two patients received
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Table 1 Patient tumor and characteristics

IBD No IBD p value
n % n %

Age

< 60 years 4 13% 860 20% 0.58

60-70 years 15 48% 1840 44%

> 70 years 12 39% 1514 36%
ECOG

0 18 58%

1 2 7%

No score 1 35%
PSA (mg/mL)

<10 24 77% 3281 78% 0.09

10-20 3 10% 725 17%

>20 4 13% 208 5%
AJCC 8-edition stage

T 24 77% 3436 82% 0.65

T2 7 23% 733 17%

T3-T4 0 0% 45 1%
Grade group

1 9 29% 1314 31% 0.83

2 13 42% 1436 34%

3 4 13% 833 20%

4 3 10% 418 10%

5 2 6% 213 5%
Risk group

Low 8 26% 1066 25% 0.97

Intermediate 17 55% 2392 57%

High 6 19% 756 18%
ADT

Yes 7 23% 943 22% 0.98

No 24 77% 3271 78%
Table 2 Inflammatory bowel disease details
IBD subtype n %
Ulcerative colitis 18 58
Crohn'’s disease 11 36
Not otherwise specified 2 6
Pre-SBRT IBD medication
Mesalamine 11 36
Sulphasalazine 4 13
Prednisone 2 6
Hydroxychloroquine 1 3
Other® 6 19
None 7 23
Blood thinner use
Coumadin 3 10
Aspirin 2

*Azathioprine, balsalazide, budesonide, methotrexate, solasodine
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a prostate and seminal vesicle boost (2100 c¢Gy and
1950 cGy each in 3 fractions) after nodal irradiation to
4500 cGy in 25 fractions. Most frequently, treatments
were delivered on a consecutive day schedule (n=29,
94%). Only two patients within the IBD group underwent
pre-treatment polyethylene glycol gel spacer placement.
The remaining patients were treated with amifostine as a
rectal protectant.

Dosimetric analysis of the IBD cohort (sans pelvic
lymph nodes) was performed with particular atten-
tion paid to rectal dosimetry for the majority of patients
(n=27). Target volume coverage in the IBD cohort was
excellent with CTV and PTV prescription coverage of
100% and 97%, respectively. Median prescription isodose
line was 84% (range, 83—87.5%). Median maximum point
dose to the rectum was 3754 c¢Gy with a median rectal
V3600 cGy of 0.29 cc. The remaining radiation treatment
and dosimetric details are listed in Table 4.

Oncologic and toxicity outcomes

Overall, excellent short-term oncologic outcomes were
observed regardless of prostate cancer risk group clas-
sification in those men diagnosed with underlying IBD.
With a median follow up of 22 months, no patients
within the IBD cohort were found to have a Phoenix defi-
nition biochemical failure. The median and mean PSA
nadir for those with IBD was found to be 0.35 ng/mL and
0.76 ng/mL, respectively.

Overall, high-grade acute and late gastrointestinal tox-
icity was extremely rare (n=1). Median time to any GI
toxicity following SBRT was 22-months. One patient
developed grade 3 proctitis requiring hospital manage-
ment less than 1 month following SBRT. Two additional
patients developed grade 2 proctitis requiring outpatient
medical management at 22- and 29-months. Hemor-
rhoids, including hemorrhoidal hemorrhage, were the
remaining observed toxicities (n=3). Toxicity details are
illustrated in Table 5. A very small number of patients
had EPIC questionnaires available for interrogation fol-
lowing SBRT. Although difficult to generalize given the
small patient numbers, bowel quality of life appears to
decline 1 month following SBRT with gradual improve-
ments seen at 3—4 months and 6—9 months (Table 3).

All patients who developed toxicity were treated to a
total dose of 3500 cGy in five fractions. The documented
median rectal point dose maximum was 3853 cGy in
patients who developed toxicity, which was slightly
higher than that of the entire IBD cohort (3754 cGy).
Interestingly, the two patients treated with pelvic nodal
irradiation were not found to have toxicity. Those patients
who underwent pre-treatment rectal spacer placement
also did not develop toxicity. Of note, all patients who
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Table 3 EPIC questionnaire
Baseline 1 month 3-4 months 6-9 months
(n=14) (n=5) (n=4) (n=4)
HRQOL Bowel domain summary
Median 90 71 64 82
Mean 84 59 62 75
Range 38-100 7-95 23-96 41-96
Domain-specific HRQOL subscales
Function
Median 95 71 68 80
Mean 87 59 63 77
Range 46-100 11-89 21-96 50-96
Bother
Median 91 71 61 84
Mean 81 59 61 74
Range 29-100 4-100 25-96 32-96

developed toxicity were receiving IBD medical treatment
prior to SBRT often with systemic medication.

Discussion
The pathophysiological mechanism of radiation-induced
damage in IBD remains nebulous. It may be a multifacto-
rial process involving underlying IBD sensitivities to vas-
cular damage, inherently altered DNA repair pathways,
and a susceptibility to excessive free radical damage [21-
23]. Conversely, radiation has well known immunomodu-
latory properties and can be notably cytotoxic to immune
cells even in low doses yielding anti-inflammatory effects
[24-26]. The immunosuppressive effect of radiation has
been recently explored for the treatment of COVID-
19-related pneumonia with mixed results [27]. Thus, it
is fair to ask whether radiation might suppress the dys-
regulated and hyperactive mucosal immune response in
the rectum leading to improved symptomatology, which
is intriguingly what was observed by a Gestaut et al. [16].
Gestaut et al. reported a group of 18 patients with
exclusively prostate cancer treated with a variety of radia-
tion modalities including three-dimensional conven-
tional radiation therapy (3DCRT), intensity modulated
radiation therapy (IMRT), and low dose rate brachy-
therapy (12 patients received EBRT). The majority of
patients (79%) required IBD medication prior to and dur-
ing radiation treatment. Similar to our study, remarkably
low GI toxicity was observed with no instances of grade
3+ toxicity identified. Of note, grade 2 proctitis was
observed more frequently following 3DCRT, prompting
the authors to advocate for the use of more conformal
radiation techniques (e.g. IMRT). The use of “specialized”
radiation techniques to minimize late toxicity was also
observed in the aforementioned MGH publication [12].

Interestingly, the overall cohort demonstrated decreased
grade 1 diarrhea immediately following radiation, and the
authors postulate this may be a result of radiation’s effect
in mitigating IBD symptoms, at least in the acute setting.
Excess GI toxicity risk in patients with IBD is difficult
to compare to a non-IBD cohort due to limited patient
numbers. However, Murphy et al. reviewed 16 patients
with underlying IBD who were treated with EBRT for
prostate cancer and attempted to identify case controls
without IBD to delineate a comparative risk profile [17].
Interestingly, no difference in grade 2+ toxicity was
identified between patients with IBD and case controls.
Late grade 2 toxicity was low at 10% (vs. 17% in Gestaut
et al.), which could be explained by the lower numbers of
patients who received concurrent IBD medication, (47%
versus 79%) perhaps indicative of the lower severity of
underlying IBD in the Murphy et al. patient cohort [16].
In a unique publication, Feagins et al. reviewed a
cohort entirely of IBD patients who did or did not receive
radiation for prostate cancer treatment—distinct from
all other publications, which reviewed radiation patients
who did or did not have IBD. Veterans Administration
data was reviewed from 1996 to 2015 of patients treated
for prostate cancer with a radiation versus a non-radia-
tion modality [15]. Baseline characteristics between the
radiation and non-radiation cohorts did not appear to
be different. However, there was a twofold higher rate
of IBD flares within the first year after radiation rela-
tive to those patients who did not receive radiotherapy
as primary treatment. Nevertheless, there were no dif-
ferences in high-grade toxicities (i.e. hospitalization or
surgeries). The use of “IBD flare” as a metric for toxic-
ity in this trial is unique—only Annede et al. published
similarly. Whether IBD flares represent the equivalent of
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Table 5 Gastrointestinal toxicity (CTCAE version 5.0)
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Toxicity Time to IBD subtype Risk group Total dose (cGy) IDL (%) Rectal Pre-SBRT IBD meds
toxicity D 1ax (€GY)
(months)

Grade 3 proctitis <1 ucC Int 3500 84 3656 Mesalamine

Grade 2 proctitis 29 uc Low 3500 85 3852 Prednisone

Grade 2 proctitis 22 uc Int 3500 83 3860 Mesalamine

Grade 2 hemorrhoids 10 (@b} High 3500 86 3839 Methotrexate

Grade 1 rectal hemorrhage <1 (@D} High 3500 86 3839 Methotrexate

Grade 1 hemorrhoids 22 uc Int 3500 83 3860 Mesalamine

a low-grade CTCAE toxicity is difficult to establish, but
highlights the importance of comparing apples to apples
across publications with respect to toxicity metrics.

Attempts to exploit the inverse square law to mini-
mize rectal toxicity using I-125 LDR brachytherapy was
reported by Pai et al. [28]. A total of 13 patients with IBD
received I-125 implants and a markedly elevated rate of
grade 3 4+ toxicity was observed at 23% and 15% for acute
and late toxicity, respectively. Importantly, all patients
who developed high-grade late toxicity underwent rec-
tal biopsies shortly after brachytherapy implant. Similar
high-grade toxicity was observed in patients with IBD
treated with EBRT for colorectal cancer in the peri-oper-
ative setting [29]. These studies allude to an augmented
toxicity risk with surgical manipulation of the pelvis in
IBD cases following radiation, and highlight the impor-
tance of avoiding elective rectal interventions shortly
after radiotherapy regardless of the presence of underly-
ing bowel disease.

Literature for more heterogeneous groups of malignan-
cies have highlighted several additional risk factors asso-
ciated with toxicity including concurrent chemotherapy
use and IBD location. Annede et al. reported a diverse
group of patients with pelvic malignancies and IBD (12 of
28 with prostate cancer) treated with radiation from 1989
to 2015 [30]. External beam radiotherapy (primarily older
2D techniques) was delivered to a median dose of 53 Gy.
Of note, no patients had “active IBD” at baseline in this
study. Only rectal IBD anatomical location was signifi-
cantly correlated with IBD exacerbation within 6 months
after radiation. With a median follow up of nearly 6 years,
grade 3+ GI toxicity rate was 11% and 4% for acute
and late toxicity, respectively. Johns Hopkins Hospital
reported on 24 patients with IBD who underwent pri-
marily chemoradiation with conventional techniques for
a heterogeneous group of malignancies (only one pros-
tate cancer). High-grade toxicity (3+) was reported at
21% and 8% for acute and late toxicity, respectively, with
concurrent chemotherapy being the primary driver of
toxicity.

Many of the aforementioned patients were treated
with antiquated radiation techniques in an era when 3D
planning did not exist and modern image guided radia-
tion therapy (IGRT) had yet to be developed. Systemic
review of the literature in this setting of a heterogeneous
cancer cohort and EBRT treatment technique estimated
the mean rate of acute and late grade 3+ GI toxicity to
be quite high at 20% (range: 11-27%) and 15% (range:
0-23%), respectively  [9]. Contemporary radiation
incorporates detailed imaging including prostate MRI,
exquisitely conformal radiation planning, and inter- and
intra-fractional IGRT. Such improvements have led to
decreases in radiation toxicity without a detriment in
oncologic outcome in the non-IBD setting [31]. The
most notable modern advancement from a rectal toxic-
ity standpoint is the placement of a polyethylene glycol-
based gel that creates an artificial space between the
posterior aspect of the prostate and anterior aspect of
the rectum. Placement of hydrogel spacers has consist-
ently demonstrated superior dosimetry across nearly
all dose volume parameters, and has translated into low
rates of GI toxicity and excellent patient reported qual-
ity of life outcomes [32-37]. Advantages with the uti-
lization of rectal spacers have been demonstrated not
only in conventional radiotherapy treatments, but also
in SBRT delivered with advanced MRI-guided radio-
therapy. Alongi et al. report improvements not only in
rectal dose sparing but also target volume coverage [38].
Furthermore, Cuccia et al. demonstrated rectal spacers
seemed to “stabilize” the prostate by minimizing rota-
tional antero-posterior shifts during MRI-guided radio-
therapy delivery [39]. For patients with underlying IBD,
such dramatic improvements in rectal dose and toxic-
ity may be a panacea. In our particular IBD cohort, two
patients underwent rectal spacer placement, and neither
developed gastrointestinal toxicity.

Limitations of the present study include its retrospec-
tive nature, relatively short median follow up, and limited
patient numbers, which is a consequence of the rarity of
the clinical situation. Nevertheless, this is one of the largest
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cohorts ever reported of patients with IBD treated with
modern radiation, the most detailed and homogenous
from a radiation technique standpoint, and the only report
detailing outcomes following SBRT. Caution is warranted
and careful selection of patients appears to be crucial. If
possible, treatment should be avoided during active IBD
flares, particularly if localized to the rectum, and patients
should be well managed medically prior to treatment.
Strong consideration should be made for use of rectal spac-
ers in effort to minimize rectal exposure to radiation. Con-
formal radiation with rigorous IGRT should be utilized and
following radiation elective biopsies of the rectum should
be avoided at all costs. Nevertheless, contrary to historical
lore, prostate radiotherapy in patients with underlying IBD
does not appear to be as toxic in the modern era.

Conclusion

Caution is warranted when delivering therapeutic radia-
tion to patients with IBD; however, modern radiation tech-
niques appear to have mitigated the risk of GI side effects.
To date, this is one of the largest groups of patients with
IBD treated with radiation for prostate cancer and the only
review of patients treated with SBRT. Delivery of 5-frac-
tion SBRT using a non-coplanar robotic platform with tight
posterior margins result in low rates of gastrointestinal tox-
icity with no significant detriment on oncologic outcome.
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