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Abstract

urologic cancer.

Background: Radiation induced enteropathy is a common complication of radiotherapy for pelvic tumors and
adversely affects patient quality of life. Probiotics are thought to restore bowel microflora to optimal levels and
reinforce intestinal barrier capacity. Although probiotics are effective in the treatment of radiation induced
enteropathy, less is known about their efficacy to prevent radiation induced enteropathy.

Methods: This double-blind randomized placebo-controlled study will investigate the efficacy of probiotics to
prevent radiation-induced enteropathy in patients with gynecologic or urologic cancer who received pelvic
radiotherapy. The study is designed to enroll 248 eligible patients, who will be randomized 1:1 to a probiotic or
placebo group. Toxicities will be evaluated using Common Terminology Criteria for Adverse Events (CTCAE) v5.0.
Discussion: The primary aim of this study is to provide high level evidence for the ability of probiotics to prevent
acute radiation induced enteropathy. The secondary aims are to determine the effects of probiotics on the
incidence of chronic radiation induced enteropathy and the safety of probiotics in patients with gynecologic or

Trial registration: ClinicalTrials.gov (NCT03978949, Registered on 7 June 2019).
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Background

Acute radiation induced enteropathy (RIE), which oc-
curs within 3 months of treatment, has been reported
in 60-80% of patients who receive pelvic radiotherapy
[1]. Typical symptoms of RIE include diarrhea, nau-
sea, vomiting, and belly cramps. These symptoms may
cause dehydration, electrolyte imbalance, and malnu-
trition, which can adversely affect patient condition at
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the time of treatment. Treatment interruption or
changes in the initial treatment plan may be required,
which could compromise the likelihood of tumor con-
trol. Delayed RIE can also occur in long-term survi-
vors of pelvic radiotherapy and may affect their
quality of life [2].

The World Health Organization (WHO) has defined
probiotics as “live micro-organisms which, when con-
sumed in adequate amounts, confer a health benefit on
the host” [3]. Probiotics have various effects on their
hosts, including the production of antimicrobial bacteri-
ocin and short chain fatty acids, lowering of gut pH, nu-
trient competition, stimulation of mucosal barrier
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function, and immunomodulation, although their exact
mechanisms of action remain unclear [4]. Probiotics
may help prevent and manage RIE by reducing the apop-
tosis of intestinal epithelial cells, promoting recovery
from radiation damage, and enhancing local or systemic
immune response against pathogens [5-9]. Two meta-
analyses also reported that probiotics may be beneficial
for RIE [10, 11]. However, these studies had several limi-
tations. Most were small in size, containing relatively
small numbers of patients. Although the largest study in-
cluded 482 patients from Italy [6], there was no informa-
tion about chemotherapy, with patients starting
probiotics on the first day of radiotherapy, preventing
the accumulation of live bacteria prior to treatment.

There are increasing interests in the relation between
radiotherapy and the gut microbiome with recent publi-
cations of review articles [12, 13]. Both review articles
expected that the probiotics could minimize the adverse
effect, but pointed out that further robust randomized
controlled trials are required. Herein, we plan the
present Prevention of Radiotherapy induced Enteropathy
by Probiotics (PREP) trial to establish high level
evidence.

Methods/design

Study aim and design

The PREP study is a prospective, double-blinded,
placebo-controlled, randomized trial ongoing at Asan
Medical Center, Seoul, Korea. The primary aim of the
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study is to investigate the efficacy of probiotics, starting
2 weeks before radiotherapy, to prevent acute RIE in pa-
tients being treated with pelvic radiotherapy for gyneco-
logic or urologic malignancies. Secondary aims include
evaluations of the effects of probiotics on the incidence
of chronic RIE and the safety of probiotics in patients
with gynecologic or urologic cancer.

The design of the PREP trial is illustrated in Fig. 1. Pa-
tients diagnosed with gynecologic or urologic malignan-
cies and scheduled to undergo pelvic radiotherapy will be
screened and provided with an appropriate explanation
about the PREP trial. Written informed consent will be
obtained by radiation oncologists from patients who elect
to participate in the study. After stratification by sex, par-
ticipants will be randomly assigned 1:1 to the probiotics or
placebo group using blocked randomization. Sex will be
the single stratification factor, as patients with gynecologic
malignancies have a greater tendency to require concur-
rent chemoradiotherapy, which affects the incidence of
RIE. The block size and sequence for randomization will
vary. The randomization sequence will be generated by a
central web-based computer so that allocation will be con-
cealed from the primary investigator who enrolls the pa-
tients. Neither participants nor physicians will be aware of
their group assignments.

Inclusion criteria
Patients will be included if they [1] have histologically
proven malignancies of the uterus, ovary, vagina, vulva,
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bladder, urethra, or prostate [2]; are aged > 20 years [3];
have an Eastern Cooperative Oncology Group perform-
ance score of 0-2 [4]; have an adequate hematologic
condition within 6 months after enrollment, defined as
absolute neutrophil count >1500 cells/mm?®, platelet
count >50,000 cells/mm?, and hemoglobin >8.0 g/dl [5];
have appropriate kidney function within 6 months after
enrollment, defined as creatinine <2.0ng/dL; and [6]
have appropriate liver function within 6 month after en-
rollment, defined as total bilirubin < 1.5 times the max-
imum normal value and alanine aminotransferase and
aspartate aminotransferase <2.5 times the maximum
normal value.

Exclusion criteria

Patients will be excluded if they have a previous history
of pelvic radiotherapy, double primary cancer other than
skin or thyroid cancer, or severe comorbidity, or if they
had participated in another clinical trial within 1 month.

Dropout criteria

Patients who withdraw consent will be dropped out of
the study, as will patients with any medical issues or un-
expected toxicities, defined as grade = 3 toxicities based
on Common Terminology Criteria for Adverse Events
(CTCAE) v5.0 occurring during treatment.

Treatment implementation

Patients allocated to the probiotics group will be admin-
istered two Biscanen capsules (Bacillus licheniformis
250 mg containing 250 million colony forming units)
three times per day, starting 2 weeks before the initial
day of pelvic radiotherapy to the final day of radiother-
apy. Patients in the placebo group will be administered
placebo pills according to the same schedule.

Prior to radiotherapy, all patients will undergo en-
hanced computed tomography (CT) scans at 2.5mm
thickness. Participants should be relaxed and in a supine
position facilitated by immobilization devices. Simulation
CT images will be fused with the results of diagnostic
magnetic resonance imaging or positron emission
tomography-computed tomography in patients who re-
quire delineation of the prostate or gross target volume.
Clinical target volume (CTV) will include pelvic regional
nodal areas, based on the Asan Medical Center protocol
for each tumor type. The upper margin for pelvic radio-
therapy will be the junction of the 4th and 5th lumbar
spine. The planning target volume (PTV) will include
the CTV with 3-10 mm margins. Organs at risk, includ-
ing the small bowel, large bowel, bladder, rectum, and
femoral head, will be delineated according to the guide-
lines of the Radiation Therapy Oncology Group.

All patients will receive intensity modulated radiother-
apy (IMRT) with the PTV required to be irradiated with
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>95% of the prescribed dose. Dose constraints will in-
clude the following: 1) 30% of the entire volume of the
bowels (small and large) must not receive more than 40
Gy irradiation; 2) 60% of the volume of the rectum must
receive <40 Gy; 3) 35% of the bladder volume must re-
ceive <45 Gy (except in patients with bladder cancer);
and 4) 15% of the femoral head volume must receive <
35Gy. Quality assurance will be performed before
radiotherapy in all patients. During each treatment,
cone-beam CT will be performed for image guidance.
Radiotherapy will be scheduled to begin within 10 days
after CT simulation, with the total radiotherapy period
not exceeding 10 weeks.

Data collection and follow-up period

The primary endpoint will be the incidence of acute RIE,
and the secondary endpoints will be chronic RIE and
toxicities due to probiotics. Patient enrollment and treat-
ment is expected to be completed within 2 years. Patient
data on endpoints will be collected before the start of
radiotherapy, every week during radiotherapy, every 3
months for the first 2 years after radiotherapy, and every
6 months subsequently for up to 5 years after radiother-
apy (Fig. 2). All toxicities will be graded using CTCAE
v5.0. The trial design and protocol adhere to the Recom-
mendations for Interventional Trials (SPIRIT) criteria.
The SPIRIT checklist and figure can be found in Supple-
mental Table S1.

There will be interim analysis for toxicities but not for
efficacy at the timing when 50% of target subjects will be
enrolled. The trial will be terminated early if the odds
ratio of acute toxicities grade over 2 is more than 2 be-
tween the two groups. To protect patient data, each pa-
tient will be assigned a separate identification code. All
data will be stored in password-accessible files, available
only to investigators. All data will be deleted 3 years after
the end of the study.

Sample size and statistical analysis

Two proportion test in Power Analysis and Sample Size
Software 2018 (NCSS, LLC. Kaysville, Utah, USA) was
utilized to estimate the sample size. Based on the as-
sumption that 30% of the patients in the placebo group
and 15% of the patients in the probiotics group will ex-
perience grade>2 acute toxicities, 118 patients per
group will be required to show a significant effect based
on an alpha value of 0.05 and a beta of 0.2. Assuming a
5% dropout rate, 124 patients per group will be required
(total, 248 patients).

Acute toxicities will be analyzed in the intention to
treat population, with categorical variables in the two
groups compared by the Chi-Square or Fisher’s exact
test. To find the other confounding factors for RIE, uni-
variate and multivariate logistic regression for acute
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toxicity will be performed. The times from the start of
radiotherapy to acute grade>2 toxicities and to any
chronic toxicities will be calculated using the Kaplan-
Meier method and compared in the two groups using
the log-rank test to compare survival curves between
two groups. In the whole population, multivariate ana-
lysis, Cox proportional hazard model will be utilized to
find the significant factor for the incidence of RIE in
addition to the use of probiotics. Factors with p <0.2 in
log-rank test will be entered in multivariate analysis. De-
scriptive statistics of all analyzed parameters will be pro-
vided, whenever appropriate.

Discussion

Radiotherapy is utilized in about 50% of cancer pa-
tients [1], and its role is especially crucial in patients
with gynecologic and genitourinary malignancies. Ra-
diation is required to manage 80-90% of women with
carcinoma cervix, 60% of women with endometrial
cancer, and 50% of women with carcinoma vulva [14].
Radiotherapy is a major treatment option for every
stage of prostate cancer [15] and has been adapted
for bladder cancer patients who want bladder preser-
vation [16]. However, 60—80% of patients who receive
pelvic radiotherapy experience acute RIE [1], which
may lead to late RIE and affect the quality of life of
long-term cancer survivors. The Post Operative Radi-
ation Therapy in Endometrial Cancer (PORTEC-2)

trial demonstrated that diarrhea was significantly
more frequent in patients who did than did not re-
ceive pelvic radiotherapy, indicating that treated pa-
tients must remain close to a toilet, reducing their
social functioning and quality of life [17]. Although
high precision radiotherapy techniques such as IMRT
have been widely introduced to reduce irradiation of
the bowels, about 50% of patients who received pelvic
IMRT experience acute gastrointestinal toxicities of
any grade [18], and 34% of patients suffer from fre-
quent or almost constant severe diarrhea [19].

Several studies have evaluated the usefulness of pro-
biotics in patients with infectious diarrhea and
antibiotic-induced diarrhea [20]. Probiotics are also used
to control inflammatory bowel disease (IBD) as gut dys-
biosis is regarded as having a potential pathogenic role
in IBD [21]. Although the precise mechanisms by which
probiotics affect pathogenic situations remain unclear,
several hypotheses have been suggested, including res-
toration of microbial balance, modulation of mucosal
protection, protection against pathogens including pro-
tective immune responses through immunization, and
modification of gut-associated lymphoid cells [22]. Ir-
radiation of the bowels induces cell death in the rapidly
proliferating crypt epithelium and protracted acute in-
flammatory reactions in the lamina propria. Crypt cell
death leads to lack of replacement of the villus epithe-
lium, breakdown of the mucosal barrier, and mucosal
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Table 1 Characteristics of previous randomized controlled trials studying the effects of probiotics on radiation induced enteropathy

First author Year No. of  Primary Total Radiation Chemotherapy Probiotics Daily Timing Toxicity Acute
/Country patients tumor RT technique PI/Pr (%) CFU scoring diarrhea
Pl/Pr dose system (%)
(Gy) PI/Pr
Linn 2018/ 28/26 Cervical 50 2D 79/73 Lactobacillus, 6 % During  CTCAE  Mild-
Myanmar Bifidobacterium  10° RT, tid. 40 moderate
82/54 (SS)
Demers 2014/ 86/140  Gynecologic, 40-  NA 56/54 or 45 Lactobacillus, 26x  During  WHO or Moderate—-
Canada rectal, 504 Bifidobacterium  10° RT, bid. CTCAE  severe
prostate or3x ortid. 30 83/65 (SS)
1010
Chitapanarux 2010/ 31/32 Cervical 40-56 2D 100 Lactobacillus, 4% 1week  CTCAE Grade 2-3
Thailand Bifidobacterium  10° before 20 45/9 (SS)
RT,
during
RT, b.id.
Giralt 2008/ 41/44 Cervical, 40-50 NA For cervical Streptococcus, 3% 1week, CTCAE Grade =2
Spain endometrial cancer Lactobacillus 108 tid. 59/68 (NS)
Delia 2007/ 239/243  Sigmoid, 60-70 NA NA Lactobacillus, 135x During  WHO Any grade
[taly rectal, Bifidobacterium, 10'? RT, tid. 52/32 (SS)
cervical Streptococcus

2D two-dimensional; CFU colony forming units; CTCAE Common Terminology Criteria for Adverse Events; No. number; NA not available; NS not significant; P/
placebo; Pr Probiotics; RT radiotherapy; SS statistically significant; WHO World Health Organization

inflammation [1]. Probiotics have also shown potential
in relieving gastrointestinal inflammation in IBS patients
during and after radiotherapy [10].

Most studies evaluating the effects of probiotics for
RIE have reported that probiotics reduce acute diarrhea
[5, 6, 23—25] (Table 1). Most of these studies, however,
included small numbers of patients, and only one study
started patients on probiotics 1 week before the start of
radiotherapy. The beneficial effects of probiotics are
thought to be proportional to the concentration of live
bacteria [25], but less is known about the optimal period
to take probiotics that results in a sufficient concentra-
tion of live bacteria. However, probiotics may be less ef-
fective when started at the initiation of radiotherapy
than beforehand. Thus, the present PREP study is de-
signed so that probiotics will be administered 2 weeks
prior to the initiation of radiotherapy.

The largest prospective double-blind, placebo-
controlled trial performed to date on the relationship be-
tween probiotics and RIE [6] found that the incidence of
radiation induced diarrhea was significantly lower in the
probiotics than in the placebo group (31.6% vs. 51.8%,
P <0.001), as was the incidence of grade 3 or 4 diarrhea
(1.4% vs. 55.4%, P <0.001). That study, however, did not
provide information on chemotherapy, one of the major
factors contributing to RIE, nor did it evaluate the inci-
dence of chronic RIE. Furthermore, IMRT is frequently
utilized in real-world clinical conditions for pelvic radio-
therapy, suggesting the need to evaluate the effects of
probiotics in patients undergoing IMRT.

Probiotics are generally considered safe in a healthy
population [20]. However, it is essential to investigate

the safety of probiotics in immunocompromised cancer
patients. Case studies have reported that the probiotics
Lactobacillus and Bacillus may cause infection in these
patients, resulting in sepsis [26, 27]. However, a system-
atic review of the use of probiotics in cancer patients
demonstrated that sepsis due to probiotics was rare [28].
The inclusion criteria of the PREP trial will filter out se-
verely immunocompromised patients. Moreover, the
strain of Bacillus licheniformis that will be used in the
PREP trial has never shown toxicity in humans, but has
reduced the incidence of diarrhea associated with anti-
biotic therapy [29]. One in vivo study suggested that this
probiotic may carry a risk of antibiotic resistance [30].

The purpose of the PREP study is to provide high-
level evidence on the use of probiotics for reducing the
incidence of RIE. We anticipate that the rate of acute
RIE will be significantly lower in the probiotic than in
the placebo arm. We also expect that probiotics will de-
crease the incidence of chronic RIE and will have little
or no toxicity in these patients.

Trial status

Patient recruitment was started on 1 June 2019 and is

currently ongoing based on protocol version 1.6.
Recruitment is expected to be complete by 1 June

2021.

Abbreviations
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