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Abstract 

Background Sodium picosulfate (SP)/magnesium citrate (MC) and polyethylene glycol (PEG) plus ascorbic acid are 
recommended by Western guidelines as laxative solutions for bowel preparation. Clinically, SP/MC has a slower post-
dose defaecation response than PEG and is perceived as less cleansing; therefore, it is not currently used for major 
bowel cancer screening preparation. The standard formulation for bowel preparation is PEG; however, a large dose 
is required, and it has a distinctive flavour that is considered unpleasant. SP/MC requires a small dose and ensures 
fluid intake because it is administered in another beverage. Therefore, clinical trials have shown that SP/MC is superior 
to PEG in terms of acceptability. We aim to compare the novel bowel cleansing method (test group) comprising SP/
MC with elobixibat hydrate and the standard bowel cleansing method comprising PEG plus ascorbic acid (standard 
group) for patients preparing for outpatient colonoscopy.

Methods This phase III, multicentre, single-blind, noninferiority, randomised, controlled, trial has not yet been 
completed. Patients aged 40–69 years will be included as participants. Patients with a history of abdominal or pel-
vic surgery, constipation, inflammatory bowel disease, or severe organ dysfunction will be excluded. The target 
number of research participants is 540 (standard group, 270 cases; test group, 270 cases). The primary endpoint 
is the degree of bowel cleansing (Boston Bowel Preparation Scale [BBPS] score ≥ 6). The secondary endpoints are 
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patient acceptability, adverse events, polyp/adenoma detection rate, number of polyps/adenomas detected, degree 
of bowel cleansing according to the BBPS (BBPS score ≥ 8), degree of bowel cleansing according to the Aronchik scale, 
and bowel cleansing time.

Discussion This trial aims to develop a “patient-first” colon cleansing regimen without the risk of inadequate bowel 
preparation by using both elobixibat hydrate and SP/MC.

Trial registration Japan Registry of Clinical Trials (jRCT; no. s041210067; 9 September 2021; https:// jrct. niph. go. jp/), 
protocol version 1.5 (May 1, 2023).

Keywords Boston bowel preparation scale, Bowel preparation, Colonoscopy, Elobixibat, Polyethylene glycol, Sodium 
picosulfate magnesium citrate

Background
Colorectal cancer (CRC) is the second leading cause of 
death attributable to cancer in Japan; every year, it affects 
approximately 150,000 individuals and results in the 
death of approximately 50,000 individuals [1]. Increas-
ing the screening rate using the faecal immunological 
test, which is currently being introduced as a population-
based screening method, is considered the most effec-
tive method of reducing the mortality rate attributable 
to CRC. Total colonoscopy is a thorough examination; 
therefore, it is the first choice for patients who require 
further investigation. However, the current screening 
rate is less than 30% in Japan. Only approximately 70% of 
patients with positive faecal immunological test results 
undergo total colonoscopy [1]. One of the reasons for this 
is the acceptability of total colonoscopy.

Factors that contribute to the nonacceptance of colo-
noscopy include resistance to bowel cleansing, which 
is considered comparable to the pain associated with 
colonoscope insertion. Inadequate bowel preparation is 
known to reduce the quality of the examination because 
it affects the adenoma detection and caecal intubation 
rates, increases the incidence of post-colonoscopy CRC, 
shortens the interval between subsequent examinations, 
and increases costs [2].

Guidelines in Europe and the United States recom-
mend dividing the doses of polyethylene glycol (PEG) as 
the most effective bowel cleansing method [2, 3].

Due to the recent increase in demand for colonos-
copies, an increasing number of medical facilities have 
begun offering colonoscopies during morning hours. 
Therefore, the demand for split-dose methods for colo-
noscopies that involve a short time between the initial 
administration of the internal bowel preparation solution 
and the completion of bowel preparation is expected to 
increase in the future.

SP/MC has been approved in Japan and can be admin-
istered either on the day before the examination or 
as split doses. In Japan, a phase III, multicentre, ran-
domised, controlled trial involving an SP/MC split-dose 
group, SP/MC 1-day group, and 2-L PEG same-day 

group was performed. The SP/MC split-dose resulted in 
the best colon preparation and was statistically noninfe-
rior to the 2-L PEG same-day dose. Additionally, SP/MC 
was significantly superior to PEG in terms of acceptabil-
ity because of its ease of consumption, general impres-
sion, taste, and volume [4]. However, a meta-analysis 
of 25 randomised, controlled trials of SP/MC and PEG 
in Europe and the United States found no statistically 
significant difference in bowel cleanliness and a trend 
toward better cleanliness with PEG (relative risk [RR], 
0.93; 95% confidence interval [CI], 0.86–1.01). Further-
more, the acceptability of SP/MC was significantly better 
(RR, 1.08; 95% CI, 1.04–1.13) [5].

The standard formulation of PEG requires a large dose 
of solution with a distinctive, unpleasant flavour; there-
fore, many individuals are resistant to its use. In contrast, 
SP/MC requires a small internal dose and ensures fluid 
intake because it is administered in another beverage. 
Clinical trials have shown that SP/MC is superior to PEG 
in terms of acceptability [6]. Therefore, if the cleaning 
speed and effectiveness of SP/MC are improved, and if 
physicians and patients feel that it is comparable to PEG, 
then it could become part of the mainstream bowel prep-
aration method. This study aims to develop a new bowel 
preparation method including SP/MC and a combina-
tion of drugs that are expected to enhance the cleansing 
effect.

Recently, several drugs with completely different phar-
macological actions have been developed to treat chronic 
constipation. Among them, elobixibat, which has phar-
macological actions such as increasing the water content 
and transport capacity in the intestinal tract, is expected 
to enhance the cleansing effect when used in combina-
tion with existing bowel-cleansing agents.

Methods/design
Hypothesis
The main research hypothesis of this study is that the test 
regimen (split-dose SP/MC plus elobixibat) is not infe-
rior to the standard regimen (split-dose of 2 L of PEG 
plus ascorbic acid) in terms of colon cleanliness. If the 
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superiority of the test regimen compared to that of the 
standard regimen in terms of acceptability can be dem-
onstrated, then the utility of the test regimen can be 
demonstrated.

Objectives
A novel bowel cleansing method (test method) compris-
ing SP/MC  (PicoprepⓇ; Nippon Chemiphar Co., Ltd., 
Tokyo, Japan) and elobixibat hydrate  (GooficeⓇ Tablets; 
Mochida Pharmaceutical Co., Ltd., Tokyo, Japan) will be 
compared with a standard bowel cleansing method com-
prising PEG plus ascorbic acid  (MoviprepⓇ; EA Pharma 
Co., Ltd., Tokyo, Japan) used by patients scheduled to 
undergo elective colonoscopy in an outpatient setting. 
A randomised comparison of these two methods will be 
performed.

Design
This will be a phase III, noninferiority, multicentre, sin-
gle-blind, randomised, controlled trial called the E-PLUS 
trial. A flowchart of the E-PLUS trial design is shown in 
Fig. 1.

Randomisation
The principal investigator (or co-principal investiga-
tor) will confirm that patients who submit written con-
sent are enrolled as research subjects have fulfilled all 
the inclusion criteria and none of the exclusion crite-
ria. During this clinical research, patient information 
will be entered into the registration system (ANCHOR: 
Shizuoka Cancer Center Clinical Trial Support System; 
URL: https:// www. anchor- scchr. net/). These patients 
will be registered as research subjects, and randomised 

by the minimization method. The four allocation adjust-
ment factors will be facilities, age, sex, and inspection 
objectives.

Blinding
Although it is difficult to blind patients who use medica-
tion for bowel preparation, endoscopists who will per-
form the test and assess the degree of colon cleanliness 
will be blinded to the allocation results. Therefore, this 
trial will have a single-blind design.

Study population
Patients scheduled to undergo elective outpatient colo-
noscopy at a centre contributing to this study are eligible 
to participate in this trial.

Inclusion criteria
The inclusion criteria are as follows:

1. Scheduled to undergo elective colonoscopy in an out-
patient setting

2. Between 40 and 69 years of age at the time of provid-
ing consent

3. Freely provided written informed consent after 
receiving a full explanation of the study

Exclusion criteria
The exclusion criteria are as follows:

 1. Patients who have previously been enrolled in the 
present study

Fig. 1 Diagram of the study design

https://www.anchor-scchr.net/
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 2. Allergy to the study drug
 3. Eastern Cooperative Oncology Group (ECOG) 

Performance Status (PS) score of 2 or more
 4. Diagnosis or suspicion of bowel obstruction or 

colonic stenosis (including obstruction caused 
by CRC).

 5. Constipation (bowel movements less than three times 
per week or using medication for constipation)

 6. Active gastroduodenal ulcer
 7. Moderate or severe liver or renal dysfunction
 8. Severe cardiac disease
 9. Poorly controlled hypertension and diabetes mellitus
 10. Use of antithrombotic drugs that are difficult to 

discontinue
 11. Dysphagia or at risk for aspiration
 12. History of abdominal or pelvic surgery (excluding 

endoscopic resection or haemorrhoid surgery).
 13. Multiple colonic diverticula confirmed by colonos-

copy or enema X-ray examination
 14. Undergoing treatment for inflammatory bowel dis-

ease or colonic polyposis
 15. Undergoing treatment for irritable bowel syndrome 

or functional dyspepsia
 16. History of ischemic colitis
 17. Pregnancy, possible pregnancy, within 28  days 

postpartum, or lactating
 18. Psychiatric disorders or symptoms that interfere 

with daily life and render it difficult to participate 
in the study

 19. Regular use of anticholinergic drugs, lithium, intes-
tinal peristaltic drugs, opioids, or iron preparations

 20. Body mass index ≤ 17 or body mass index ≥ 35
 21. The following abnormal laboratory blood test 

results within 28 days of registration and eligibility 
confirmation:

① Aspartate aminotransferase ≥ 120 U/L
② Alanine aminotransferase ≥ 120 U/L
③ Serum creatinine ≥ 1.2 mg/dL
④ Serum sodium < 130 mEq/L
⑤Serum potassium < 3.0 mEq/L

Participating hospitals
The E-PLUS trial will be conducted in Japan at seven 
community-based hospitals, three cancer centre hospi-
tals, and one university hospital. The following hospitals 
will be participating in the trial: Shizuoka Cancer Center; 
National Cancer Center Hospital; Subaru  Health Insur-
ance Society  Ota Memorial Hospital; National Hospi-
tal Organization Ureshino Medical Center; Kurashiki 
Central Hospital; Aomori Prefectural Central Hospital; 
National Cancer Center Hospital East; Kobe City Medical 

Center General Hospital; Sano Hospital; Saga University 
Hospital; and Japanese Red Cross Ise Hospital.

Trial intervention
The enrolled patients will be scheduled to undergo colo-
noscopy between 2 and 90 days from the date of registra-
tion. The patients will be allocated to either the standard 
group or test group. They will consume only low-residue 
meal packets during the day before the colonoscopy. Lax-
ative use and the internal use of intestinal peristalsis-pro-
moting drugs in combination with pre-treatment drugs 
are not allowed. Patients using oral antithrombotic drugs 
should take measures such as medication withdrawal 
in accordance with the guidelines for gastrointestinal 
endoscopy practice for patients using antithrombotic 
drugs and supplement 2017 regarding anticoagulants, 
including direct oral anticoagulants, published by the 
Japanese Society of Gastrointestinal Endoscopy. Heparin 
bridges will not be performed because of the high inci-
dence of posterior haemorrhages. A protocol including 
the examination of the results of ingesting a low-residue 
meal pack the day before colonoscopy and the adminis-
tration of bowel-cleansing agents and additional fluids 
will be specified for each group and performed at the 
end of the colonoscopy. Endoscopic resection performed 
during the protocol examination will be included in the 
protocol examination, but any additional treatment to be 
performed at a later date is not specified. The 30-day fol-
low-up period comprises the end of the protocol.

Standard group
After dinner on the day before the colonoscopy, between 
6:00 pm and 7:00 pm, the patient will consume 1 L of PEG 
plus ascorbic acid and 0.5 L of fluid (water or tea) over 
the course of at least 1 h. On the day of the colonoscopy, 
the patient will fast and consume 1 L of PEG plus ascor-
bic acid and 0.5 L of fluid (water or tea) over the course of 
at least 1 h between 4 and 5 h before the scheduled start 
of the examination.

Test group
Two 5-mg elobixibat hydrate tablets (total of 10 mg) will 
be administered before breakfast on the day before the 
colonoscopy. After dinner on the day before the colonos-
copy, one packet of SP/MC dissolved in 150 mL of water 
between 6:00 pm and 7:00 pm will be consumed. Then, 
four doses of 250  mL of a clear beverage (water, tea, 
sports drink, clear juice, or clear carbonated drink) will 
be consumed at least 1  h apart. Patients will fast 4–5  h 
before the scheduled start of the colonoscopy. Addition-
ally, they will consume one packet of SP/MC dissolved in 
150 mL of water. Then, they will consume four more 250-
mL doses of a clear beverage (water, tea, sports drink, 
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clear juice, or clear carbonated drink) at least 1  h after 
consuming the SP/MC dose.

Colonoscopy procedures

 1. The defaecation status and subjective symptoms 
will be evaluated after the examination.

 2. Participants will be asked to complete a question-
naire before the colonoscopy.

 3. Blood samples will be collected on the same day to 
detect electrolyte, renal and liver function abnor-
malities due to bowel preparation. Blood samples 
will be collected after the end of the examination if 
they cannot be collected before the colonoscopy.

 4. All tests conducted during this study will be con-
ducted as outpatient tests.

 5. A deviation from the protocol will be considered if 
an inpatient examination is required.

 6. Hospital admission after the completion of the 
colonoscopy will not be considered a deviation 
from the protocol.

 7. The level of the examiner will be intermediate or 
higher (experience with at least 500 colonoscopies).

 8. The examining physician will be blinded to the 
allocation group. The physician who prescribes 
the pre-treatment drug and the examining physi-
cian will be different. If the same physician per-
forms both procedures, then those results will be 
excluded from the per-protocol analysis.

 9. The procedure will be performed using a general 
colonoscope. The manufacturer and model of the 
scope used will not be specified.

 10. Intravenous administration of the antispasmodic 
butyl scopolamine or glucagon will be recommended.

 11. Intravenous opioid analgesics will be recommended.
 12. Intravenous administration of benzodiazepine sed-

atives will be acceptable.
 13. This study will assume total resection of tumor-

ous lesions detected during the protocol examina-
tion and will document the endoscopic resection 
method and pathological results.

 14. Serrated polyps will be, in principle, resected, 
except for those smaller than 5  mm on the left-
sided colon and the rectum. However, priority will 
be given to resecting adenomatous polyps. Serrated 
adenomas and adenomas usually will be treated 
similarly.

 15. The location, gross type, tumour diameter, and 
endoscopic diagnosis (serrated polyps, adenomas, 
early CRC, advanced CRC, and neuroendocrine 
tumours) of neoplastic lesions will be recorded.

 16. The method of resection and the medical equip-
ment will not be specified.

 17. Pathological results will indicate the diagnosis and, 
in cases of cancer, the depth of invasion.

 18. Lesions planned for endoscopic resection or sur-
gery at a later date will be described in terms of the 
endoscopic diagnosis (e.g., serrated polyps, adeno-
mas, early CRC, advanced CRC, and neuroendo-
crine tumours) and planned treatment (e.g., endo-
scopic mucosal resection, endoscopic submucosal 
dissection, and surgery).

 19. The cecal intubation time and withdrawal time will 
be recorded.

 20. After completion of the colonoscopy, the examin-
ing physician will record the bowel cleansing status 
according to the Boston Bowel Preparation Scale 
(BBPS) and Aronchik scale.

 21. If a colonoscope is inserted and the total colonos-
copy is deemed impossible to perform because of 
poor preparation, then it will be permissible to per-
form additional preparation before attempting the 
colonoscopy again on the same day after the BBPS 
and Aronchik scale scores have been assessed. If re-
examination is not feasible on the same day, then 
it will be considered a deviation from the protocol 
inspection provisions and routine performance of 
the colonoscopy.

Questionnaire for patients
Patients will be asked to complete a questionnaire that 
includes the following:

Presence and severity of the following subjective symp-
toms (assessed using a 5-point scale) before the colo-
noscopy: abdominal pain, abdominal distension, nausea, 
vomiting, headache, dizziness, and general fatigue.

The acceptability of the bowel preparation regimen will 
be determined using a 5-point scale:

1) Was the bowel preparation medication easy to use?
2) Were all bowel preparation medicines administered 

internally?
3) What is your general impression of the bowel 

preparation?
4) How did the bowel preparation medicine taste?
5) Did you have a bowel movement promptly after 

using the bowel preparation medication?
6) Did your stools become clear after using the bowel 

preparation medication?
7) Did you wake during the night to defecate?
8) Were you able to sleep the day before the examination?
9) Did you have to stop to use a toilet on the way to the 

examination facility?
10)Do you want to use the same bowel preparation 

medication for your next colonoscopy?
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Presence and severity of subjective symptoms during 
colonoscopy (assessed using a 5-point scale): insertion 
pain, abdominal distension, nausea, and vomiting.

Presence and degree of subjective symptoms after colo-
noscopy (assessed using 5-point scale): abdominal pain, 
abdominal distension, nausea and vomiting, constipa-
tion, diarrhoea, bloody stools, fever, and general malaise.

Outcomes
Primary endpoint
The primary endpoint is the degree of bowel cleansing 
(BBPS score ≥ 6). Each segment should receive a score of 
at least 2 points—thus yielding a total of at least 6 points.

Secondary endpoints
The secondary endpoints are as follows:

1. Patient acceptability (questionnaire)
2. Adverse event
3. Polyp/adenoma detection rate and number of pol-

yps/adenomas detected
4. Degree of bowel cleansing (percentage of BBPS 

scores > 8)
5. Degree of bowel cleansing (percentage of Aronchik 

scale scores < 1)
6. Bowel cleansing time (time from the start of bowel 

preparation until the time when the patient is ready 
for the examination)

Sample size calculation
The target number of research participants was 540 
(standard group, 270 cases; test group, 270 cases). 
Based on previous studies, the percentage of the stand-
ard group with a bowel cleanliness score ≥ 6 should be 
approximately 90% [2]. The percentage of the test group 
with this score is expected to be similar or slightly 
lower, at 88–90% [2]. The standard cleaning method 
prior to the current standard bowel cleansing method 
was 4 L of PEG the day before the colonoscopy; this reg-
imen was considered inferior (inferiority margin, 15%) 
in terms of good cleaning scores when compared to the 
split-dose regimen comprising 2 L of PEG plus ascor-
bic acid. Therefore, a margin of noninferiority of 10% 
was deemed appropriate. Based on a one-sided alpha 
error of 2.5%, a beta error of 20%, and a noninferior-
ity margin of 10% for the standard and test groups, the 
required number of subjects in each group is 255. How-
ever, considering a 5% assessment failure rate, the target 
study population will be 270 subjects in each group. The 
Farrington–Manning method was used with SAS (ver-
sion 9.4; SAS Institute, Cary, NC, USA) to calculate the 
required number of participants [7].

Duration of clinical trial
Based on preliminary interviews with participat-
ing centres, approximately 35 participants per month 
are expected to be enrolled; therefore, approximately 
16 months is estimated to be required to enrol 540 partic-
ipants. Considering the monthly variations in enrolment 
numbers, the initial enrolment period was 18  months 
(1 year and 6 months). However, the number of enrolled 
patients did not reach the target within that time; there-
fore, the registration period was extended to 30 months 
as of 22 November 2022.

Total study period: 3 years and 10 months (1 October 
2021 to 31 July 2025).

Registration period: 2  years and 6 months (1 October 
2021 to 31 March 2024).

Follow-up period: 30 days from the endoscopy date of 
each participant.

Analysis period: 1  year from the end of the follow-up 
period.

Ethics
All investigators involved in this clinical study will con-
duct it in accordance with the Declaration of Helsinki 
(translated by the Japan Medical Association), the Clini-
cal Research Act (act no. 16 of 2009), the Enforcement 
Regulations for the Clinical Research Act (Ministry of 
Health, Labour and Welfare Ordinance [MHLW] no. 17 
of 2008), and related notices from the Japanese govern-
ment. Prior to the start of this clinical study, the principal 
investigator will obtain approval from the administrator 
of the medical institution to conduct the clinical study 
after obtaining the opinion of the certified review board 
and submit an implementation plan to the MHLW.

The principal investigator(s) will explain the research 
in a manner that is easy to understand to the potential 
research subject(s) using an ‘explanation document’ 
approved by the certified review board and obtain writ-
ten, voluntary consent to participate in the research. 
When obtaining consent, the potential research subject 
should be given sufficient time and opportunity to ask 
questions and have them answered fully to enable the 
potential research subject to decide whether to partici-
pate in the study.

Analysis population
For the purpose of this study, the population to be ana-
lysed is defined as follows. In principle, the full analysis 
set will be used as the analysis population for the efficacy 
endpoints, and the safety analysis set will be used as the 
analysis population for the safety endpoints. The per-pro-
tocol set will be used as the analysis population if neces-
sary. As this study is positioned as a validation study, the 
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analysis will be conducted using a modified intention-to-
treat analysis during which patients will be classified into 
groups according to their allocation and not according to 
the actual bowel-cleansing method used.

Full analysis set
The full analysis set will include all participants enrolled 
in the clinical study who are randomised to the study but 
excluded for the following reasons:

1. Violation of the eligibility/exclusion criteria
2. No available data after randomisation (e.g., withdrew 

consent, no future evaluations)
3. Withdrawal of consent, including consent for data use
4. Failure to participate in the protocol testing
5. Failure to undergo colonoscopy for reasons unrelated 

to the pre-treatment

Per protocol set
The per protocol set is defined as all participants in the 
full analysis set except for the following:

1. Those who did not receive the assigned pre-treatment
2. Those who were not performed blinded evaluation 

because the physician prescribing the pre-treatment 
drug and the examining physician were the same 
physician

Safety analysis set
The study population will consist of all enrolled patients 
for whom protocol testing is initiated.

Data collection
An electronic data capture system will be used to col-
lect the data necessary for this clinical study. The per-
son responsible for preparing the case report form will 
promptly enter the necessary data into the electronic data 
capture system and confirm that the information regard-
ing individual research subjects has been recorded cor-
rectly. Authentication and access rights to the electronic 
data capture system will be secured using identifiers and 
passwords, and encrypted communication will be used 
for data transmission.

Statistical analysis plan
Participant characteristics are summarized descriptively. 
The number of observations, mean, standard deviation, 
minimum, median, maximum and interquartile range of 
continuous variables and frequency distributions of cat-
egorical variables are calculated.

The proportion of patients with a bowel cleanliness 
score ≥ 6 is calculated for each group. The difference 
between groups and 95% confidence interval is estimated 
using Miettinen-Nurminen method. Noninferiority 
will be declared when the lower limit of the confidence 
interval is above the margin. For secondary purpose, we 
plan to conduct the adjusted analysis using regression 
models and subgroup analysis restricted to the partici-
pants who answer “take more than half” or “take all of the 
medication.”

Secondary endpoints will bel summarized appropri-
ately and compared between the groups using nonpara-
metric tests. Multiplicity adjustment will not perform for 
the secondary endpoints.

Frequency distributions of the grade of adverse events 
will be summarized for each group. Group compari-
son will be performed using the Fisher’s exact test, if 
necessary.

Trial registration
After notifying the MHLW of the plan for conducting 
this clinical research, the principal investigator will reg-
ister the plan for conducting this clinical research in the 
Japan Registry of Clinical Trials (jRCT; no. s041210067; 9 
September 2021; https:// jrct. niph. go. jp/), which is a sys-
tem established by the MHLW for the submission and 
publication of clinical research, and make it public. The 
registered information will be updated according to the 
progress of the research.

Discussion
This study aims to evaluate the degree of bowel cleans-
ing and acceptability of a new regimen comprising split-
dose SP/MC plus elobixibat hydrate and compare it with 
the standard regimen comprising split-dose PEG plus 
ascorbic acid by performing a randomised comparison. 
The primary endpoint is the degree of bowel cleansing 
according to the BBPS score of the noninferior design. 
The secondary endpoint is acceptability, which will be 
determined using a questionnaire regarding the superi-
ority of the design. If the test regimen is not inferior to 
the standard regimen according to the primary endpoint, 
and if the superiority of the test regimen compared to 
that of the standard regimen in terms of acceptability can 
be demonstrated, then the utility of the test regimen can 
be demonstrated.

PEG is the most commonly recommended solution for 
bowel preparation according to the guidelines of West-
ern countries because of its colon-cleansing effective-
ness [2, 3]. Recently, a split dose has been recommended 
not only for colon cleansing but also for improving the 
adenoma detection rate [8]. However, PEG has some 

https://jrct.niph.go.jp/
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problems in terms of patient acceptability, such as the 
need for a large dose and its flavour.

In Japan, SP/MC has been administered as split doses 
for several years. However, the post-dose defaecation 
response of SP/MC is slower than that of PEG, and it is 
perceived as having a lesser cleansing effect; therefore, 
it is not currently used for major bowel cancer screen-
ing preparation. We believe that the good acceptability of 
SP/MC compared to that of PEG is worth noting. There-
fore, a new regimen including elobixibat hydrate, which 
does not influence acceptability and safety, has been pro-
posed. According to the current Western guidelines, the 
use of adjunctive agents for bowel cleansing is not rec-
ommended because of the lack of evidence regarding 
the effectiveness. Lubiprostone and elobixibat hydrate 
have been used as adjunctive agents for bowel prepara-
tion during randomised trials. However, those trials did 
not demonstrate robust effectiveness. Elobixibat is cur-
rently indicated by insurance as a treatment for chronic 
constipation, but not as a colonoscopy preparation agent. 
The results of a domestic clinical trial of chronic consti-
pation showed that elobixibat produced spontaneous 
defaecation among 85.5% of patients; this rate was sig-
nificantly higher than that of the placebo (41.3%). Dur-
ing the same study, the median time to onset of the first 
spontaneous bowel movement was 5.2 h, which was sig-
nificantly shorter than that for placebo (25.5 h) [9]. These 
results suggest that elobixibat could be expected to have 
an immediate effect, and that it could be an effective 
pre-treatment adjunctive agent for those scheduled to 
undergo colonoscopy.

In Japan, a previous multicentre, randomised, con-
trolled trial of elobixibat as a pre-treatment for colonos-
copy demonstrated noninferior bowel cleanliness with 
the test method (PEG plus ascorbic acid plus elobixibat 
group: group A) and the standard method (PEG plus 
ascorbic acid plus picosulfate group: group B). Ade-
quate bowel preparation rate as a primary endpoint was 
95.0% vs 99.0% in group A and B, and noninferiority was 
proved. Furthermore, sleep disturbance was 10.2% and 
22.7% (P = 0.02) in group A and B [10]. Moreover, cost 
of two tablets of elobixibat is very low at 178.4 JPY (0.96 
GBP). Therefore, 10 mg of elobixibat before breakfast on 
the day before the colonoscopy has been selected as the 
concomitant drug for the test regimen.

The main target population of this study will comprise 
those with the following indications for outpatient colo-
noscopy: 40–69 years of age; positive faecal occult blood 
test results; colorectal lesions requiring close examina-
tion; surveillance required after polypectomy; and bloody 
stools or abnormal bowel movements experienced by 
symptomatic and asymptomatic patients. The exclusion 
criterion will be the distinct risk of inappropriate bowel 

preparation. To be eligible for study inclusion, the entire 
colon must be preserved so that the results will be widely 
transferable to clinical practice. Those who have under-
gone colorectal resection will be excluded. Abdominal 
and pelvic surgeries other than colorectal resection may 
have various effects on adhesions and intestinal peristal-
sis, and their impact on the assessment of the primary 
endpoint is unpredictable; therefore, patients who have 
undergone such surgeries will be excluded. Patients with 
conditions such as inflammatory bowel disease, irrita-
ble bowel syndrome, and chronic constipation will be 
excluded because of their impact on pre-treatment out-
comes. Therefore, patients scheduled for a wait-list out-
patient examination who can be adequately informed 
in advance, except those who fulfil the aforementioned 
exclusion criteria, will be included. Eligible patients will 
be aged at least 40 years, and they will remain the same 
age during the study period. Patients will not be older 
than 69  years because older individuals are generally at 
increased risk for adverse events attributable to bowel 
cleansing.

Several randomised, controlled trials and meta-analy-
ses have shown that cleanliness is good when the stand-
ard regimen is used [11]. However, the acceptability of 
the standard regimen is not favourable because of its fla-
vour and high oral dose. SP/MC has been well-accepted 
by patients during several randomised, controlled trials 
because of its low oral dose, and because the patients 
can choose from a variety of clear beverages [5]. SP/MC 
has been reported to be inferior to standard regimens in 
terms of cleanliness; however, the concomitant drug elo-
bixibat hydrate may improve cleanliness. At present, this 
mechanism remains unknown. Patients participating in 
the study will be expected to exhibit better bowel cleans-
ing than those encountered in standard practice because 
they will be fully briefed in advance regarding the colo-
noscopy pre-treatment; as a result, they may undergo a 
more accurate colonoscopy.

Adverse reactions to the drugs used in this study may 
occur. Serious adverse reactions associated with bowel 
cleansing include anaphylaxis, bowel perforation, bowel 
obstruction, incarcerated inguinal hernia, hyponatrae-
mia, and ischaemic colitis; however, the risks of these 
reactions are considered similar to those encountered 
in usual practice. The risks of these adverse events asso-
ciated with colonoscopy and lesion treatment are also 
considered comparable to those encountered in usual 
practice.

During this study, the primary endpoint will be evalu-
ated based on the percentage of those with adequate 
bowel preparation (BBPS score ≥ 6); therefore, a sec-
ondary endpoint is excellent bowel preparation (BBPS 
score ≥ 8).
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The limitations of this study include the single-blind 
design, difficulty evaluating the independent effectiveness 
of elobixibat hydrate because of the study design, and dif-
ficulty excluding selection bias during the evaluation of 
the adenoma detection rate as a secondary endpoint.

In conclusion, this trial aims to develop a “patient-first” 
regimen for colon cleansing among patients who are not 
at risk for inadequate bowel preparation.

Abbreviations
SP/MC  Sodium picosulfate magnesium citrate
PEG  Polyethylene glycol
Asc  Ascorbic acid
BBPS  Boston Bowel Preparation Scale
jRCT   Japan Registry of Clinical Trials
RR  Relative risk
CI  Confidence interval
PS  Performance status
ECOG  Eastern Cooperative Oncology Group
BMI  Body mass index
AST  Aspartate aminotransferase
ALT  Alanine aminotransferase
MHLW  Ministry of Health, Labour and Welfare Ordinance
CRB  The Certificated Review Board
FAS  The Full Analysis Set
SAS  The Safety Analysis Set
PPS  The Per Protocol Set
ITT  Intention-to-treat
EDC  The Electronic Data Capture
ADR  Adenoma detection rate

Acknowledgements
Professional English editing was handled by Editage. (URL: https:// www. edita ge. jp).

Organizational structure and responsibilities
Principal Investigator
Design and conduct of the study (E-PLUS trial)
Study planning
Preparation of protocol and revisions
Preparation of CRF [Case Report Form]
Publication of study reports
Responsible for trial master file
SUSAR [Serious unexpected suspected adverse events] reporting
Coordinating investigator
Data collection and completion of CRFs
Follow up of study patients
Communicating protocol amendments
Lead Investigators
In each participating center a lead investigator will be identified, to be respon-
sible for identification, recruitment, inclusion and adherence to study protocol.

Authors’ contributions
KHot conduct the study concept and design, and draft manuscript. MO 
contributes to improve methodology from the view point of the statistics. YO, 
DY, YShi, NH, HI, YSan, RS, SS, HT, KK, YK, KT, SI, KI, KHos, TM, MY, KS, RT, MT, YSai 
participate in the study design and revise manuscript. All authors read and 
approved the final manuscript.

Funding
The corresponding author has received research funding from Nippon Chemi-
phar Co.Ltd.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analysed during the current study.

Declarations

Ethics approval and consent to participate
This trial was approved by the Certificated Review Board of Shizuoka Cancer 
Centre (CRB4180010) and submit an implementation plan to the MHLW. Then, 
the principal investigator must obtain approval from the administrator of the 
medical institution to conduct this clinical study. Written informed consent 
will be obtained from every study participants.

Consent for publication
Not applicable.

Competing interests
The corresponding author (Kinichi Hotta) has received research funding 
from Nippon Chemiphar Co.Ltd. The other authors declare that they have no 
conflict of interest associated with this trial.

Author details
1 Division of Endoscopy, Shizuoka Cancer Center, 1007 Shimonagakubo, Nagai-
zumi-Cho, Sunto-Gun, Shizuoka 411-8777, Japan. 2 Department of Gastroen-
terology, Subaru Health Insurance Society Ota Memorial Hospital, Ota, Japan. 
3 Department of Gastroenterology, National Hospital Organization Ureshino 
Medical Center, Ureshino, Japan. 4 Department of Gastroenterology and Hepa-
tology, Kurashiki Central Hospital, Kurashiki, Japan. 5 Department of Gastro-
enterology, Aomori Prefectural Central Hospital, Aomori, Japan. 6 Endoscopy 
Division, National Cancer Center Hospital East, Kashiwa, Japan. 7 Department 
of Gastroenterology, Kobe City Medical Center General Hospital, Kobe, Japan. 
8 Gastrointestinal Center, Sano Hospital, Kobe, Japan. 9 Department of Internal 
Medicine, Division of Gastroenterology, Faculty of Medicine, Saga University, 
Saga, Japan. 10 Department of Gastroenterology, Japanese Red Cross Ise Hos-
pital, Ise, Japan. 11 National Center of Neurology and Psychiatry, Tokyo, Japan. 
12 Endoscopy Division, National Cancer Center Hospital, Tokyo, Japan. 

Received: 18 August 2023   Accepted: 23 January 2024

References
 1. Saito Y, Oka S, Kawamura T, Shimoda R, Sekiguchi M, Tamai N, Hotta K, 

Matsuda T, Misawa M, Tanaka S, et al. Colonoscopy screening and surveil-
lance guidelines. Dig Endosc. 2021;33(4):486–519.

 2. Hassan C, East J, Radaelli F, Spada C, Benamouzig R, Bisschops R, 
Bretthauer M, Dekker E, Dinis-Ribeiro M, Ferlitsch M, et al. Bowel prepara-
tion for colonoscopy: European Society of Gastrointestinal Endoscopy 
(ESGE) Guideline - Update 2019. Endoscopy. 2019;51(8):775–94.

 3. Johnson DA, Barkun AN, Cohen LB, Dominitz JA, Kaltenbach T, Martel M, 
Robertson DJ, Boland CR, Giardello FM, Lieberman DA, et al. Optimizing 
adequacy of bowel cleansing for colonoscopy: recommendations from 
the US multi-society task force on colorectal cancer. Gastroenterology. 
2014;147(4):903–24.

 4. Phase III trial of Picoprephttps:// www. nc- medic al. com/ picop rep/ produ 
cts/ effic acy. html.

 5. Jin Z, Lu Y, Zhou Y, Gong B. Systematic review and meta-analysis: sodium 
picosulfate/magnesium citrate vs. polyethylene glycol for colonoscopy 
preparation. Eur J Clin Pharmacol. 2016;72(5):523–32.

 6. Mathus-Vliegen EMH, van der Vliet K. Wignand-van der Storm IJ, Stadwijk 
JS: Split-dose bowel cleansing with picosulphate is safe and better toler-
ated than 2-l polyethylene glycol solution. Eur J Gastroenterol Hepatol. 
2018;30(7):709–17.

 7. Miettinen O, Nurminen M. Comparative analysis of two rates. Stat Med. 
1985;4(2):213–26.

 8. Radaelli F, Paggi S, Hassan C, Senore C, Fasoli R, Anderloni A, Buffoli F, 
Savarese MF, Spinzi G, Rex DK, et al. Split-dose preparation for colonos-
copy increases adenoma detection rate: a randomised controlled trial in 
an organised screening programme. Gut. 2017;66(2):270–7.

 9. Nakajima A, Seki M, Taniguchi S, Ohta A, Gillberg PG, Mattsson JP, Camill-
eri M. Safety and efficacy of elobixibat for chronic constipation: results 
from a randomised, double-blind, placebo-controlled, phase 3 trial and 

https://www.editage.jp
https://www.nc-medical.com/picoprep/products/efficacy.html
https://www.nc-medical.com/picoprep/products/efficacy.html


Page 10 of 10Hotta et al. BMC Gastroenterology           (2024) 24:61 

an open-label, single-arm, phase 3 trial. Lancet Gastroenterol Hepatol. 
2018;3(8):537–47.

 10. Yamaguchi D, Hidaka H, Matsunaga T, Akutagawa T, Tanaka Y, Jubashi A, 
Takeuchi Y, Tsuruoka N, Sakata Y, Miyahara K, et al. Efficacy of elobixibat 
as bowel preparation agent for colonoscopy: Prospective, randomized, 
multi-center study. Dig Endosc. 2022;34(1):171–9.

 11. Xie Q, Chen L, Zhao F, Zhou X, Huang P, Zhang L, Zhou D, Wei J, Wang W, 
Zheng S. A meta-analysis of randomized controlled trials of low-volume 
polyethylene glycol plus ascorbic acid versus standard-volume polyeth-
ylene glycol solution as bowel preparations for colonoscopy. PLoS ONE. 
2014;9(6):e99092.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Comparison of the efficacy and tolerability of elobixibat plus sodium picosulfate with magnesium citrate and split-dose 2-L polyethylene glycol with ascorbic acid for bowel preparation before outpatient colonoscopy: a study protocol for the multicentre, r
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methodsdesign
	Hypothesis
	Objectives
	Design
	Randomisation
	Blinding
	Study population
	Inclusion criteria
	Exclusion criteria
	Participating hospitals
	Trial intervention
	Standard group
	Test group
	Colonoscopy procedures
	Questionnaire for patients
	Outcomes
	Primary endpoint
	Secondary endpoints
	Sample size calculation

	Duration of clinical trial
	Ethics
	Analysis population
	Full analysis set
	Per protocol set
	Safety analysis set
	Data collection
	Statistical analysis plan
	Trial registration

	Discussion
	Acknowledgements
	References


