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Abstract
BACKGROUND 
Efficient bowel cleansing is essential for a successful colonoscopy, but the ideal 
cleansing agent, volume, and pharmaceutical dosage form have yet to be 
determined. Small-volume cleansers enhance patient compliance.
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AIM 
To compare the bowel cleansing efficacy of 32-tablet sodium phosphate 
(Quiklean®) with 2-L polyethylene glycol (PEG)/bisacodyl (Klean-Prep/ 
Dulcolax®) under identical dietary recommendations.

METHODS 
This multicenter, randomized, parallel-group, noninferiority clinical trial enrolled 
472 outpatients, randomized 456 subjects, and scheduled 442 subjects to undergo 
colonoscopy (Quiklean® = 222 and Klean-Prep/Dulcolax® = 220). After bowel 
preparation, a colonoscopist performed the colonoscopy with video recorded for 
rating. The primary efficacy endpoint was the bowel cleansing quality using the 
Aronchick Scale. The secondary endpoints were the bowel cleansing efficacy of 
three colon segments, tolerability and acceptability, safety using the Ottawa bowel 
preparation scale, questionnaires by subjects, and monitoring of adverse events.

RESULTS 
Success rates (Excellent + Good) of the bowel cleansing quality by Aronchick Scale 
were 98.6% (n = 205) and 97.6% (n = 204) in the Quiklean® and Klean-
Prep/Dulcolax® groups, respectively. Quiklean® demonstrated noninferiority over 
Klean-Prep/Dulcolax® in colon cleansing efficacy. Quicken showed better 
tolerability and acceptability in the overall experience (was rated as excellent; 
24.0% vs 17.2%; P = 0.0016) and the taste of the study preparation (was rated as 
excellent, 23.1% vs 13.4%; P < 0.0001) than Klean-Prep/Dulcolax®. Safety profiles 
did not differ between the two groups. Our data indicate that Quiklean® is an 
adequate, well-tolerated bowel cleansing preparation compared with the standard 
comparator Klean-Prep/Dulcolax®.

CONCLUSION 
Quiklean® is sodium phosphate tablets available on Taiwan’s market for bowel 
preparation; it potentially offers patients an alternative to standard large-volume 
bowel preparation regimens and may, therefore, increase positive attitudes 
toward colonoscopies and participation rates.

Key Words: Bowel preparation; Clinical trial; Colonoscopy; Polyethylene glycol; Sodium 
phosphate

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The bowel cleanser 32-tablet sodium phosphate (Quiklean®) is an adequate 
bowel cleansing preparation with better tolerability and acceptability than the standard 
comparator 2-L polyethylene glycol/bisacodyl (Klean-Prep/Dulcolax®).

Citation: Hung SY, Chen HC, Ke TW, Chen JH, Hsiao KH, Wang HM, Chiang HC, Chang SC, 
Chen YC, Hsieh MH, Tsai YY, Hsieh YW, Chen WTL. Noninferiority clinical trial comparing 
the bowel cleansing efficacy of sodium phosphate tablets (Quiklean®) with a polyethylene 
glycol/bisacodyl kit. World J Gastroenterol 2021; 27(5): 428-441
URL: https://www.wjgnet.com/1007-9327/full/v27/i5/428.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i5.428

INTRODUCTION
Optimal bowel cleansing is essential before a colonoscopy, which is the most 
commonly used and cost-effective method in screening for various diseases, such as 
colorectal cancer[1]. Bowel preparation is a complex undertaking, involving dietary 
modifications and laxatives tailored to the individual patient[2]. Several agents are 
currently available to clean the colon, including sodium picosulfate/magnesium 
citrate (PSMC), polyethylene glycol (PEG), magnesium citrate, and sodium phosphate 
products[3]. An adequate bowel preparation that uses effective cleanser results in a 
high-quality colonoscopy, but the ideal clearing agent, the volume, and the 

http://creativecommons.org/licenses/by-nc/4.0/
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http://creativecommons.org/licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v27/i5/428.htm
https://dx.doi.org/10.3748/wjg.v27.i5.428


Hung SY et al. Quiklean® effective for bowel preparation

WJG https://www.wjgnet.com 430 February 7, 2021 Volume 27 Issue 5

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: November 5, 2020 
Peer-review started: November 5, 
2020 
First decision: December 13, 2020 
Revised: December 24, 2020 
Accepted: January 6, 2021 
Article in press: January 6, 2021 
Published online: February 7, 2021

P-Reviewer: Ho KY 
S-Editor: Chen XF 
L-Editor: Filipodia 
P-Editor: Ma YJ

pharmaceutical dosage form have yet to be determined.
The ideal bowel-cleansing agent should be well-tolerated, easily administered, 

inexpensive, and produce adequate clearance without allowing explosive gases to 
form[4]. Bowel preparation quality by different agents is assessed based on their 
efficacy, safety, and tolerability[5]. Most bowel preparations are either PEG-based or 
hyperosmotic; many of these regimens are perceived as unpalatable or unpleasant by 
patients[6]. PEG-containing preparations (e.g., Klean-Prep, GoLYTELY) are large-
volume (2-4 L), osmotically-balanced nonabsorbable solutions that act as purgatives to 
evacuate the intestine; 2-L split-dose PEG preparations are better tolerated than 4-L 
PEG preparations[3]. Similarly, 2-L PEG/bisacodyl preparations are as effective as the 
standard 4-L PEG regimens but are better tolerated[3]. Sodium phosphate tablets were 
developed to improve patient acceptability of the bowel preparation regimen[7]. 
Sodium phosphate acts as an osmotic purgative, drawing water into the bowel lumen 
and stimulating peristalsis and evacuation[8]. Sodium phosphate has two oral dosage 
forms, solution and tablet[9]. Visicol® and OsmoPrep® are sodium phosphate tablets 
that are used for bowel cleansing before a colonoscopy in the United States[10,11]. 
However, although sodium phosphate provides excellent cleansing results and is well 
tolerated by most patients, concerns have been expressed about its safety regarding 
the osmotic action[8,12]. Moreover, sodium phosphate is not recommended for patients 
with renal or cardiac disorders or those on diuretic medications[9].

Colonoscopy is an important screening and therapeutic procedure for colon-related 
diseases[13]. The quality of bowel preparation impacts the success of colonoscopy[13]. Of 
the various agents available to clean the colon, small-volume cleansers are associated 
with improved patient compliance (tolerance), which affects bowel-clearing 
efficacy[14]. However, the efficacy of different small-volume bowel preparation agents 
has not been clearly defined. Our previous clinical trial found that a small-volume 
preparation (PSMC 300 mL) had better tolerability, higher acceptability, and 
compliance than a 2-L PEG/bisacodyl (5 mg)-Klean-Prep/Dulcolax preparation[14]. 
Tjandra et al[9] have shown that a 45-mL sodium phosphate solution was more effective 
in bowel cleansing than a PSMC preparation. Although these two agents were both 
accepted well by subjects, the PSMC preparation tasted significantly better than the 45 
mL sodium phosphate preparation[9]. In comparison with the 4-L PEG solution, Jung 
et al[7] have shown that sodium phosphate tablets produced equivalent colon cleansing, 
did not cause more side effects, and had better patient acceptability and satisfaction in 
relatively young (aged < 60 years), healthy individuals without comorbidities. In 2011, 
the United States Food and Drug Administration (FDA) withdrew the 2-L PEG bowel 
cleansing kit HalfLytely containing bisacodyl 10 mg tablets due to safety concerns of 
ischemic colitis and abdominal cramping compared with the same kit using only 
bisacodyl 5 mg[15,16].

In Taiwan, 2-L Klean-Prep/bisacodyl (5 mg) is more commonly used than sodium 
phosphate tablets. The introduction of the 32-tablet sodium phosphate preparation 
Quiklean® (Universal Integrated Corporation, Taiwan) prompted us to conduct a 
multicenter, randomized, parallel-group, pre-specified noninferiority study to 
compare the bowel cleansing efficacy, acceptability, tolerability, and safety of 
Quiklean® to a 2-L PEG solution Klean-Prep (Helsinn-Birex Pharmaceuticals Limited, 
Ireland) combined with bisacodyl 5 mg (Dulcolax®, Boehringer Ingelheim, Germany) 
before the colonoscopy in 422 outpatients of Taiwanese populations. The objective was 
to compare the bowel cleansing efficacy, acceptability and tolerability, and safety of 
Quiklean® to Klean-Prep/Dulcolax® for bowel preparation.

MATERIALS AND METHODS
Study design and trial information
This randomized, active-controlled, evaluator-blinded, noninferiority, parallel, 
multicenter phase III clinical trial (ClinicalTrials.gov Identifier: NCT03992365; first 
posted date: June 20, 2019) was conducted in China Medical University Hospital 
(Taiwan) and Taipei Tzu Chi Hospital (Taiwan).

Before trial initiation and subject enrollment, the Institutional Review Boards of 
China Medical University Hospital (CMUH107-REC2-151) and Taipei Tzu Chi 
Hospital (08-FS-030) approved the study, and Taiwan’s FDA approved the study 
protocol on January 17, 2019 (version: v2.0).

Sample size calculation, subject information, and selection of study participants
For sample size estimation, we assumed a conservative, successful cleaning response 
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rate of 85% with Quiklean® and that the true difference in response rates between the 
Quiklean® and Klean-Prep/Dulcolax® groups would be zero. The sample size 
calculation was determined by assuming a 10% noninferiority margin, at least 80% 
power, and a one-sided significance level of 0.025. Based on these assumptions, this 
trial required 205 subjects per group to verify the noninferiority of Quiklean® over 
Klean-Prep/Dulcolax®. It was anticipated that up to 10% of randomized subjects were 
ineligible for the per-protocol population. Approximately 456 subjects were therefore 
recruited to provide 410 evaluable subjects. After the trial was started, a total number 
of 472 subjects were enrolled between June 10, 2019 and October 15, 2019; 456 subjects 
were subsequently randomized to receive either the Quiklean® (n = 228) or Klean-
Prep/Dulcolax® (n = 228) regimen. A flow chart detailing the study design and 
timetable of four visits (screening, randomization, colonoscopy, and post-colonoscopy 
follow-up) is depicted in Figure 1A. The study event schedule performed during each 
visit is detailed in Table 1. After undergoing screening for inclusion and exclusion 
criteria in Visit 1, patients completed informed written consent forms and underwent 
physical examinations that assessed vital signs, signs of pregnancy, liver and renal 
functions, and serum electrolyte levels. The inclusion and exclusion criteria of this 
study are presented in Supplementary Table 1. An overview of subject disposition 
(enrollment, randomization, study withdrawals, colonoscopy, and post-colonoscopy 
follow-up) is provided in Figure 1B.

Dietary advice
At the time of randomization, each study subject received standardized dietary advice 
with a dietary card containing detailed instructions about dietary measures to be taken 
and Quiklean® or Klean-Prep/Dulcolax® consumption. Subjects were instructed to give 
the completed dietary card and the empty bag or any remaining package of study 
regimen on the day of colonoscopy to the unblinded study coordinator, who recorded 
the following information: (1) Standard dietary advice; (2) The start time, the end time, 
and the number of bowel movements after the first regimen of the study product 
before colonoscopy; (3) The number of cups of clear water consumed; and (4) Adverse 
events experienced during consumption of the bowel preparation.

Drug administration and compliance of the study regimen
The Quiklean® regimen contained 32 tablets, each tablet containing 1.102 g of sodium 
phosphate monobasic monohydrate (United States Pharmacopoeia grade) and 0.398 g 
of sodium phosphate dibasic anhydrous (United States Pharmacopoeia grade), for a 
total of 1.5 g of sodium phosphate per tablet. Subjects were instructed to undertake the 
following procedures: (1) The evening before the colonoscopy: Ingest four tablets with 
250 mL of clear liquids every 15 min, for a total of 20 tablets; and (2) On the day of the 
colonoscopy: Starting 3-5 h before the procedure, ingest four tablets with 250 mL of 
clear liquids every 15 min, for a total of 12 tablets. The Klean-Prep/Dulcolax® 
procedure (two sachets of Klean-Prep with one tablet of Dulcolax®) required subjects 
to prepare Klean-Prep (ingredients per sachet: 59 g PEG 3350, 5.685 g anhydrous 
sodium sulfate, 1.685 g sodium bicarbonate, 1.465 g sodium chloride, 0.7425 g 
potassium chloride, and 0.0494 g aspartame) immediately before each administration, 
by mixing one sachet of Klean-Prep with 1000 mL of cold water at room temperature, 
stirring thoroughly until the solution became clear as previously described[14]. The 
Klean-Prep/Dulcolax® administration was as follows: (1) In the afternoon before the 
day of colonoscopy: Ingest one 5 mg tablet of Dulcolax® (without chewing or crushing 
the tablet); (2) About 4 h after taking Dulcolax®, subjects were instructed to drink 1000 
mL of Klean-Prep solution over a 2-h period or approximately 250 mL every 15 min; 
and (3) On the day of the colonoscopy: 3-5 h before the procedure, subjects were 
instructed to drink the other 1000 mL Klean-Prep solution at a rate of 250 mL every 15 
min. The subject’s self-completed dietary card supplied details on compliance with 
Quiklean® or Klean-Prep/Dulcolax®, as to whether the subject drank the required 
amount of water or solution, as follows: (1) Excellent compliance, claiming ingestion of 
at least 8 cups of clear water/solution (one cup is equivalent to 250 mL); (2) Good 
compliance, claiming ingestion of at least 6 cups and fewer than 8 cups of clear 
water/solution; (3) Medium compliance, claiming ingestion of at least 4 cups and 
fewer than 6 cups of clear water/solution; (4) Poor compliance, claiming ingestion of 
fewer than 4 cups of clear water/solution; and (5) Non-compliance, claiming ingestion 
of 0 cups of clear water/solution.

Subjects and treatment
The study consisted of four clinical visits, according to a predefined schedule. Subjects 

https://f6publishing.blob.core.windows.net/93747ffb-8bb8-40f0-9a09-ea2c237cfeb0/WJG-27-428-supplementary-material.pdf
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Table 1 Study event schedule

Screening visit Randomization visit1 Regimen start Colonoscopy visit Follow-up visit

Visit 1 2 3 4

Day -8 to -1 -8 to -1 1 2 9-16

Informed consent X

Inclusion/exclusion X X

Medical history X

Demographic data X

Physical examination X X

Vital signs X X X

Urine pregnancy test X

12-Lead electrocardiogram X X

Renal function X2 X3 X

Electrolytes X2 X3 X

Randomization X

Dietary control X

Dispensing of study drug X

Dosing day X4 X

Dietary card X X

Subject questionnaire X5

Colonoscopy X

Aronchick scale X6

Ottawa bowel preparation scale (OBPS) X6

Bowel preparation compliance X

Concomitant medication X X X X X

Reported events7 X X

Unsolicited adverse events and serious 
adverse events

X X X

1Indicates that the screening day and randomization day could be the same. However, the activities listed for the Screening Visit had to be completed 
before randomization.
2Indicates that after obtaining baseline laboratory data, the subject was randomized if s/he did not meet exclusion criteria No. 9.
3Indicates that laboratory tests were performed after completion of investigation procedures and following the colonoscopy.
4Indicates that the first dosing day was scheduled to follow the dispensing of study drug instructions.
5Indicates that tolerability and satisfaction of the preparation was measured by a standardized subject questionnaire administered on the day of 
colonoscopy, prior to the procedure.
6Indicates that all colonoscopies were videorecorded. After the colonoscopy, independent blinded colonoscopists rated the video recordings for Aronchick 
Scale and Ottawa bowel preparation scale scores.
7Indicates that reported adverse events were recorded in the dietary card.

were screened on Visit 1 and randomized into the study on Visit 2. Colonoscopy was 
performed on Visit 3, and post-colonoscopy follow-up was conducted on Visit 4 
(Figure 1A). After obtaining informed consent from the subject, the designated 
assessment was performed. If the eligibility criteria were satisfied, the subjects were 
randomly assigned (1:1) to either the Quiklean® or Klean-Prep/Dulcolax® regimen and 
scheduled to undergo colonoscopy. The colonoscopy visit was arranged within 10 d of 
screening (Figure 1A). Subjects were instructed on how to take the study medication, 
and each study group was issued with identical standard dietary instructions. After 
undergoing bowel-clearing preparation, the colonoscopy was performed in the 
morning by the experienced colonoscopist, with the entire colonoscopy recorded by 
video. After the completion of colonoscopy, the quality of bowel cleansing in the video 
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Figure 1  Flow diagram of our randomized trial comparing Quiklean® with Klean-Prep/Dulcolax®. A: Flow chart of the study design and timetable; 
B: Flow diagram of study subjects and subject numbers, with reasons for withdrawals.

recording was rated by independent colonoscopists blinded to treatment allocation. 
The colonoscopists jointly evaluated the scoring system before the study commenced 
in order to minimize interobserver variability.

Efficacy and safety outcome variables
Aronchick Scale and Ottawa bowel preparation scale (OBPS) scores graded colon 
cleanliness[17,18]. The primary endpoint of this study was the efficiency of colon 
cleansing according to the modified Aronchick Scale, as follows: Excellent = only a 
small volume of clear liquid or > 95% of the surface was observed; Good = a large 
volume of clear liquid covered 5%-25% of the surface, but > 90% of the surface was 
observed; Fair = some semi-solid stools were found, but these could be suctioned or 
washed away and > 90% of the surface was observed; Poor = semi-solid stools were 
found that could not be suctioned or washed away and < 90% of the surface was 
observed; and Inadequate = the subject was required to undergo a repeat preparation 
process[17]. Successful and unsuccessful bowel preparations were defined as “Excellent 
+ Good” and “Fair + Poor + Inadequate”, respectively. For the secondary endpoint, the 
OBPS evaluated subjects’ acceptance and tolerance of the preparation, as well as 
cleansing efficacy in the ascending, mid- (transverse and descending), and 
rectosigmoid segments of the colon[18]. OBPS scores for each colon segment were 
graded on a 5-point scale, as follows: Excellent = 0; Good = 1; Fair = 2; Poor = 3; and 
Inadequate = 4[18]. OBPS scores ranged from 0 to 14 (fluid scores, 0-2; scores of 
ascending + mid + rectosigmoid segments, 0-12)[18]. The colonoscopist rated the overall 
fluid amount on a 3-point scale (where 0 = mild; 1 = moderate; 2 = large)[18]. Safety was 
assessed by monitoring adverse events and laboratory examinations. All adverse 
events were coded using MedDRA Preferred Terms. All study procedures, including 
efficacy and safety measurements, were performed according to the schedule 
described in Table 1.

Analysis sets
Our analysis used the International Council for Harmonisation of Technical 
Requirements for Registration of Pharmaceuticals for Human Use recommendations in 
guidelines E3 and E9 regarding intent-to-treat, per-protocol, and safety analysis sets. 
Among 456 randomized subjects, 442 (Quiklean® = 222 and Klean-Prep/Dulcolax® = 
220) who received study medications and underwent colonoscopy were included in 
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the intent-to-treat analysis set and safety analysis set. After excluding 25 subjects from 
the intent-to-treat analysis set, 417 subjects (Quiklean® = 208 and Klean-Prep/ 
Dulcolax® = 209) were included in the per-protocol analysis set. Supplementary Table 
2 (lower) lists the reasons concerning exclusions from the per-protocol analysis set; 
Supplementary Table 3 lists subjects in the intent-to-treat set who were excluded from 
the per-protocol analysis set. Supplementary Table 2 also details patient disposition 
data for each group, each analysis set, and reasons for study withdrawals. No 
significant between-group differences were identified for baseline characteristics, 
including sex, age, body weight, height, and body mass index in the per-protocol 
analysis set (Supplementary Table 4).

Statistical analysis
The statistical analysis in this study was implemented by a contract research 
organization, StatPlus Inc., which used SAS® Version 9.4 (Cary, NC, United States); the 
Taiwan FDA approved the results. The primary efficacy variable was the percentage of 
subjects who achieved “success rate” (Excellent + Good) in overall colon cleansing, 
based on the Aronchick Scale in both the intent-to-treat and per-protocol analysis sets. 
The differences in success rates (Excellent + Good) were calculated using Fisher’s exact 
test with associated exact 95% confidence intervals (CIs)[19]. Noninferiority was 
satisfied if the lower bound of the two-sided 95%CI for the difference in the success 
rate (Quiklean® minus Klean-Prep/Dulcolax®) was at least −10%; P < 0.05 was 
regarded as statistically significant[14]. The secondary endpoint included bowel 
cleaning efficacy by OBPS and the subject’s responses to acceptability and tolerability. 
The overall score and each colon segment score of OBPS were used to analyze the 
secondary endpoint by Fisher’s exact test and independent t-tests. The total OBPS 
score was categorized as excellent cleansing (score 0-1), good (score 2-4), sufficient 
(score 5-7), poor (score 8-10), or inappropriate (score 11-14). The subject’s responses in 
the questionnaire regarding acceptability and tolerability, numbers, and percentages 
were categorized by the responses on each questionnaire for each group and analyzed 
by the Fisher’s exact test for binary variables and the Cochran-Mantel-Haenszel test 
with relative to an identified distribution integral transformation scores for ordered 
categorical variables. All safety parameters, including adverse events, clinical 
laboratory evaluations, and vital signs, were summarized with descriptive statistics for 
the two groups, and each scheduled a return visit.

RESULTS
Subject randomization and study withdrawal rates
The study design and visit timetable (screening, randomization, colonoscopy, and 
post-colonoscopy follow-up) are depicted in the flow chart illustrated in Figure 1A. In 
the beginning, 472 subjects were screened in Visit 1, and 16 subjects within that did not 
pass criteria recheck in Visit 2; then 456 subjects were randomized in the trial. Study 
withdrawal rates were 2.6% and 3.5% for Quiklean® and Klean-Prep/Dulcolax®, 
respectively (Supplementary Table 2). In both groups, the reason cited for withdrawal 
was the subjects’ withdrawal of consent (Figure 1B, Supplementary Table 2).

Bowel cleansing efficacy by the Aronchick Scale
The primary endpoint of our trial was the “success rate” (Excellent + Good) of bowel 
cleansing, evaluated by the Aronchick Scale, which graded 24.0%, 74.5%, 1.4%, 0%, 
and 0% of the Quiklean® per-protocol analysis set and 33%, 64.6%, 1.9%, 0%, and 0% of 
the Klean-Prep/Dulcolax® per-protocol analysis set as Excellent, Good, Fair, Poor, and 
Inadequate, respectively (Table 2). Success rates (Excellent + Good) were 98.6% (n = 
205) and 97.6% (n = 204) in the Quiklean® and Klean-Prep/Dulcolax® groups, 
respectively; the between-group difference was 0.95% (95%CI: −8.620%, 10.525%) 
(Table 2). For the primary endpoint assessed by the Aronchick Scale, Quiklean® 
demonstrated noninferiority over Klean-Prep/Dulcolax® since the lower confidence 
bound of the two-sided 95%CI of the treatment difference (Quiklean® minus Klean-
Prep/Dulcolax®) was greater than the pre-specified margin of −10%.

Bowel cleansing efficacy of three colonic segments rated by the OBPS
One of our four secondary endpoints was bowel cleansing efficacy in three colonic 
segments, evaluated by the OBPS. Mean overall OBPS scores were 2.5 ± 1.48 in the 
Quiklean® cohort (n = 208) and 2.5 ± 1.68 in the Klean-Prep/Dulcolax® cohort (n = 208), 

https://f6publishing.blob.core.windows.net/93747ffb-8bb8-40f0-9a09-ea2c237cfeb0/WJG-27-428-supplementary-material.pdf
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https://f6publishing.blob.core.windows.net/93747ffb-8bb8-40f0-9a09-ea2c237cfeb0/WJG-27-428-supplementary-material.pdf
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Table 2 The primary endpoint of bowel cleansing efficacy as assessed by the Aronchick Scale (per-protocol analysis set)

Quiklean®, n = 208 Klean-Prep/Dulcolax®, n = 209 P value
Responses

Successful (Excellent + Good) 205 204

Unsuccessful (Fair + Poor + Inadequate) 3 5

Success rate 98.6% 97.6%

Between-group difference 0.95%

95% exact CI (-8.620%, 10.525%)

Rating, n (%)

Excellent 50 (24.0) 69 (33.0) 0.1355

Good 155 (74.5) 135 (64.6)

Fair 3 (1.4) 4 (1.9)

Poor 0 1 (0.5)

Inadequate 0 0

P value was obtained by Chi-Square test. CI: Confidence interval.

without statistical between-group significance (P = 0.733; Table 3). Success rates 
(Excellent + Good + Fair) for overall bowel cleansing quality were 100% with 
Quiklean® and 99.0% with Klean-Prep/Dulcolax® (P = 0.4988; Table 3). The success 
rates for the ascending colon were 100% for both groups (P = 1.0000); 100% for the 
transverse colon with Quiklean® and 99.5% with Klean-Prep/Dulcolax® (P = 1.0000); 
100% for the descending colon with Quiklean® and 98.6% with KleanPrep/Dulcolax® (
P = 0.2482).

Acceptability and tolerability
The other three secondary endpoints of our trial were acceptability, tolerability, and 
safety, as rated by each subject. Subject ratings did not differ between the groups 
regarding how easy or difficult the preparations were to consume (Table 4). All 208 
Quiklean® recipients (100%) and 207 Klean-Prep/Dulcolax® recipients (99%) could 
consume the study preparation as instructed (P = 0.4988; Table 4). A significantly 
higher proportion of Quiklean® vs Klean-Prep/Dulcolax® recipients rated their overall 
experience as “Excellent” (24.0% vs 17.2%; P = 0.0016; Table 4). The taste of the study 
preparation was rated as excellent by more Quiklean® than Klean-Prep/Dulcolax® 
recipients (23.1% vs 13.4%; P < 0.0001; Table 4). A total of 80.3% of Quiklean® recipients 
and 72.7% of Klean-Prep/Dulcolax® recipients stated they would choose the same 
regimen again in the future (P = 0.0830; Table 4). The proportions of subjects claiming 
they would refuse the same preparation in the future did not differ significantly 
between the groups (P = 0.2007; Table 5).

Safety results
Reported adverse events were reported by similar proportions of Quiklean® and 
Klean-Prep/Dulcolax® recipients (P = 0.4944) including nausea (P = 0.0299), vomiting (
P = 0.0126), abdominal pain/cramping (P = 0.0333), abdominal bloating (P = 0.0080), 
urticaria (P = 1.0000), anal irritation (P = 0.1865), and edema (P = 0.4483). Although 
Quiklean® recipients had significantly higher rates of nausea, vomiting, and abdominal 
bloating than Klean-Prep/Dulcolax® recipients, the Klean-Prep/Dulcolax® preparation 
was associated with higher rates of abdominal pain/cramping than Quiklean®; all 
reported adverse events were deemed to be mild in intensity. During the study period, 
98.2% of Quiklean® recipients and 31.8% of Klean-Prep/Dulcolax® recipients reported 
at least one treatment-emergent adverse event (P < 0.0001; Table 5); corresponding 
proportions reporting at least one study drug-related treatment-emergent adverse 
event were 97.7% and 20.5%, respectively. Although Quiklean® was associated with a 
significantly higher incidence of any study drug-related treatment-emergent adverse 
event than Klean-Prep/Dulcolax®, no severe treatment-emergent adverse events 
resulted in discontinuation or death. The top two reported treatment-emergent 
adverse events associated with Quiklean® were an increase in blood phosphorus and a 
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Table 3 The secondary endpoint of overall bowel cleansing efficacy as assessed by the Ottawa bowel preparation scale (per-protocol 
analysis set)

Quiklean®, n = 208 Klean-Prep/Dulcolax®, n = 209 P value
Total bowel preparation score

mean ± SD 2.5 ± 1.48 2.5 ± 1.681 0.73332

Median (Min, Max) 3.0 (0, 7) 3.0 (0, 9)

Overall bowel cleansing quality, n (%)

Success (Excellent + Good + Fair) 208 (100) 206 (99)1 0.49883

Un-success (Poor + Inadequate) 0 (0) 2 (1)

1Indicates that subject 1-S074-R1074 had previously undergone removal of an ascending colon segment.
2Indicates that P value was obtained by independent t-test.
3Indicates that P value was obtained by Fisher’s exact test. SD: Standard deviation.

decrease in blood potassium (97.3% and 49.1%; P < 0.0001); the most commonly 
reported treatment-emergent event with Klean-Prep/Dulcolax® was a decrease in 
blood phosphorus (19.1%; P < 0.0001) (Table 5). Blood electrolytes that differed 
significantly between the study groups included phosphorous, potassium, and sodium 
(Table 5). None of these electrolytes differed significantly between the groups at Visit 
1/screening (baseline) (Supplementary Tables  5, 6, and 7, respectively). Compared 
with baseline values at Visit 1 (screening), phosphorus levels were found to be 
significantly increased with Quiklean® and significantly decreased with Klean-
Prep/Dulcolax® at Visit 3 (colonoscopy) (P < 0.0001 for both intra-group comparisons); 
both values were restored to baseline values by Visit 4 (post-colonoscopy follow-up) (
Supplementary Table 5). The normal range of serum potassium is 3.5-5.0 mmol/L; the 
level in patients with moderate hypokalemia is 2.5-3.0 mmol/L[20]. Supplementary 
Table 6 shows that the means of blood potassium levels were significantly decreased 
from baseline (Quiklean® = 3.87 mmol/L and Klean-Prep/Dulcolax® = 3.89 mmoL) in 
both study groups at Visit 3 (Quiklean® = 3.08 mmol/L and Klean-Prep/Dulcolax® = 
3.60 mmoL) and had returned to baseline in both groups at Visit 4 (Quiklean® = 3.89 
mmol/L and Klean-Prep/Dulcolax® = 3.88 mmoL). Conversely, blood sodium levels 
were significantly increased in both study groups at Visit 3 and had returned to 
baseline in both groups at Visit 4 (Supplementary Table 7). On Visits 1, 3, and 4, no 
statistically significant between-group differences were identified for renal function 
(serum creatinine and blood urea nitrogen) or vital signs (body temperature, blood 
pressure, pulse rate, respiration rate, and body weight); all of these values remained 
within the normal range during the study period.

DISCUSSION
Adequate bowel preparation is essential for high-quality colonoscopies capable of 
detecting diseases of the colon and rectum. Ideal preparation would rapidly and 
reliably eliminate all fecal material from the colon without causing any gross or 
histological alternations of the colonic mucosa[21,22]. Moreover, the preparation would 
not cause any discomfort and would be safe for the patient[23]. In this study, 32 tablets 
of Quiklean® (1.5 g sodium phosphate per tablet) demonstrated noninferiority over 
two sachets of Klean-Prep combined with one tablet of 5 mg Dulcolax® (Klean-Prep/
Dulcolax®) for colon cleansing before colonoscopy, according to Aronchick Scale 
scores. Secondary endpoint evaluations revealed similar success rates for bowel 
cleansing quality in the overall and individual colon segments, according to OBPS 
scores. Acceptability and tolerability ratings demonstrated that Quiklean® was easier 
to consume, tasted better, and was more often rated as an overall excellent experience 
during bowel preparation than Klean-Prep/Dulcolax®. Patient satisfaction scores 
indicated that more subjects would prefer Quiklean® over Klean-Prep/Dulcolax® in the 
future. Visit 3 (colonoscopy) safety data revealed that Quiklean® was associated with 
increases from baseline in blood phosphorus and sodium, as well as a decrease in 
blood potassium, while Klean-Prep/Dulcolax® was associated with reductions from 
baseline in blood phosphorus and potassium, and an increase in blood sodium. In both 
study groups, all values were restored to baseline by Visit 4 (post-colonoscopy follow-
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Table 4 Acceptability and tolerability (per-protocol analysis set), n (%)

Quiklean®, n = 208 Klean-Prep/Dulcolax®, n = 209 P value
1 How easy or difficult was it to consume the study drug?

Very easy 68 (32.7) 48 (23.0) 0.12011

Easy 96 (46.2) 110 (52.6)

Tolerable 23 (11.1) 25 (12.0)

Difficult 18 (8.7) 25 (12.0)

Very difficult 3 (1.4) 1 (0.5)

2 Were you able to consume the study preparation as instructed?

Yes 208 (100) 207 (99.0) 0.49882

No 0 2 (1.0)

3 Please describe your overall experience with the study preparation.

Excellent 50 (24.0) 36 (17.2) 0.00161

Good 112 (53.8) 109 (52.2)

Fair 21 (10.1) 12 (5.7)

Poor 24 (11.5) 43 (20.6)

Bad 1 (0.5) 9 (4.3)

4 The taste of this study preparation was

Excellent 48 (23.1) 28 (13.4) < 0.00011

Good 82 (39.4) 82 (39.2)

Fair 41 (19.7) 17 (8.1)

Poor 35 (16.8) 65 (31.1)

Bad 2 (1.0) 17 (8.1)

5 Would you ask your doctor for this preparation again if you need another colonoscopy in the future?

Yes 167 (80.3) 152 (72.7) 0.08302

No 41 (19.7) 27.3)

6 Would you refuse the same preparation again if it were to be prescribed to you in the future?

Yes 42 (20.2) 54 (25.8) 0.20072

No 166 (79.8) 155 (74.2)

1Indicates that P value was obtained by Cochran-Mantel-Haenszel test.
2Indicates that P value was obtained by Fisher’s exact test.

up). Our data suggest that the new bowel-clearing preparation Quiklean® may 
increase patients’ positive attitudes and participation in bowel preparation for 
colonoscopy.

The quality of bowel preparation can be rated during colonoscopy, and thus the 
superiority of one bowel preparation method can be effectively compared with 
others[24]. The Aronchick Scale is one such rating scale that is universally accepted and 
has been used in pivotal trials that have resulted in new drug application approvals, 
including that of HalfLytely[17]. The OBPS is associated with high interobserver 
agreement and reliability, whether used as a total score or for individual colon 
segments[18]. In the present study, our independent blinded colonoscopists used both 
the Aronchick Scale and OBPS to rate bowel cleansing quality. Their ratings 
demonstrate noninferiority for Quiklean® over Klean-Prep/Dulcolax®.

Many bowel-clearing preparations are available on the market. It is advised that the 
choice of any such regimen should be based on cleansing efficacy first and patient 
tolerability second, although these factors are undoubtedly closely interrelated[5]. For 
example, poor tolerability that prevents full compliance with a bowel cleansing 
regimen may mean inadequate cleansing[5]. Comparing sodium phosphate and other 
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Table 5 Summary of treatment-emergent adverse events (safety analysis set), n (%)

Treatment-emergent adverse events Quiklean®, n = 222 Klean-Prep/Dulcolax®, n = 220 P value

Any treatment-emergent adverse events 218 (98.2) 70 (31.8) < 0.0001

Mild 217 (97.7) 70 (31.8)

Moderate 1 (0.5) 0

Severe 0 0

Life threatening 0 0

Death 0 0

MedDRA preferred term

Blood phosphorus increased 216 (97.3) 8 (3.6) < 0.0001

Blood potassium decreased 109 (49.1) 9 (4.1) < 0.0001

Blood phosphorus decreased 6 (2.7) 42 (19.1) < 0.0001

Blood urea decreased 16 (7.2) 7 (3.2) 0.0847

Blood chloride decreased 14 (6.3) 8 (3.6) 0.2740

Blood chloride increased 6 (2.7) 7 (3.2) 0.7867

Blood calcium decreased 6 (2.7) 1 (0.5) 0.1221

Blood sodium decreased 7 (3.2) 0 0.0149

Blood creatinine decreased 2 (0.9) 1 (0.5) 1.0000

Blood urea increased 1 (0.5) 2 (0.9) 0.6224

Blood magnesium increased 2 (0.9) 0 0.4989

Blood sodium increased 1 (0.5) 1 (0.5) 1.0000

Blood creatinine increased 1 (0.5) 0 1.0000

Blood potassium increased 1 (0.5) 0 1.0000

Duodenal ulcer 0 1 (0.5) 0.4977

Nonalcoholic fatty liver disease 0 1 (0.5) 0.4977

Herpes zoster 0 1 (0.5) 0.4977

Pyoderma 0 1 (0.5) 0.4977

Muscle disorder 0 1 (0.5) 0.4977

Calculus urinary 1 (0.5) 0 1.0000

Asthma 1 (0.5) 0 1.0000

Rhinitis allergic 1 (0.5) 0 1.0000

P value: Between-group differences were compared using the Fisher’s exact test.

bowel preparation agents has shown that sodium phosphate is better tolerated by 
patients, making this a preferred method of preparing colonoscopy for specific patient 
subgroups[25,26]. Sodium phosphate tablets were developed to improve patient 
acceptability of the bowel preparation and have been reported to be similar or better 
than PEG solution for patient compliance in Western countries and Japan[11,27,28]. In the 
present study, Quiklean® had higher acceptability and tolerability than Klean-
Prep/Dulcolax®. Quiklean® may offer Taiwanese patients a suitable agent that is very 
effective and well-tolerated for colon cleansing before colonoscopy.

Significant dehydration and electrolyte abnormalities have been described with the 
use of oral sodium phosphate[8]. Two major safety issues are related to its use: First, the 
osmotic action of this agent can draw fluid from the intravascular space and 
potentially lead to hypovolemia; second, most patients develop transient mild 
hyperphosphatemia that could potentially result in symptoms caused by 
hypocalcemia[8]. However, evidence from 26 clinical trials involving 2496 subjects 
administered oral sodium phosphate solution and 526 subjects who received sodium 
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phosphate tablets show no major adverse events attributed to sodium phosphate[8]. 
Most of those studies excluded patients with heart failure, renal failure, ascites, and/or 
myocardial infarction within the previous 6 mo[8]. In our study, the exclusion criteria 
also included renal insufficiency, cardiovascular diseases, and myocardial infarction to 
avoid significant adverse events. Serum potassium is closely regulated physiologically 
with normal values ranging from 3.5 mmol/L to 5.0 mmol/L, and moderate 
hypokalemia (2.5-3.0 mmol/L) can be highly arrhythmogenic in normal hearts[20]. In 
subjects of Quiklean® group, the mean blood potassium levels of Visit 1, Visit 3, and 
Visit 4 were 3.87 mmol/L, 3.08 mmol/L, and 3.89 mmol/L, respectively. The data in 
Klean-Prep/Dulcolax® group were 3.89 mmol/L, 3.60 mmol/L, and 3.88 mmol/L, 
respectively. Indicating the changes in serum potassium levels in subjects of Quiklean® 
group did not cause severe and life-threatening hypokalemia. In the present study, we 
identified significantly higher rates of nausea, vomiting, and abdominal bloating with 
Quiklean® compared with Klean-Prep/Dulcolax®, while abdominal pain/cramping 
was significantly more likely with Klean-Prep/Dulcolax® than with Quiklean®; all 
reported adverse events reported in this study were judged to be mild in intensity. 
Moreover, treatment-emergent adverse events were similar for both study groups. No 
severe treatment-emergent adverse events occurred.

Our limitations in this study include the fact that during the enrollment process, we 
included subjects aged between 20 and 74 years and excluded subjects with significant 
cardiovascular or renal impairment, significant gastrointestinal disease, acute 
exacerbation of inflammatory bowel disease, or pregnancy. Thus, our safety data for 
Quiklean® should not be applied to the older elderly (> 75 years) with significant 
comorbidities. Significant dehydration and electrolyte abnormalities have been 
described with sodium phosphate. Our study detected changes from baseline (Visit 
1/screening) in both study groups for renal function measures and electrolytes at Visit 
3 (colonoscopy). Quiklean® induced increases in blood phosphorous and sodium and a 
decrease in potassium, while Klean-Prep/Dulcolax® induced decreases in blood 
phosphorous and potassium and an increase in sodium; all values were restored to 
normal levels in both groups by Visit 4 (post-colonoscopy follow-up). The 7-d to the 
14-d interval between colonoscopy and follow-up prevents us from knowing the 
details about the electrolyte changes over this timeframe.

CONCLUSION
Adequate bowel preparations are critical for high-quality colonoscopy examinations 
and successful colonoscopy screening or surveillance programs. In conclusion, 32 
tablets of Quiklean® (1.5 g per tablet) demonstrated noninferiority over two Klean-
Prep sachets combined with one tablet of Dulcolax® for the outcome of effective colon 
cleansing. Patient satisfaction ratings indicated a higher preference for Quiklean® 
compared with Klean-Prep/Dulcolax®. Quiklean® may, therefore, increase patients’ 
positive attitudes and participation in bowel preparation for colonoscopy.

ARTICLE HIGHLIGHTS
Research background
Efficient bowel cleansing is essential for a successful colonoscopy.

Research motivation
The ideal cleansing agent, volume, and pharmaceutical dosage form have yet to be 
determined. Small-volume cleansers enhance patient compliance.

Research objectives
To compare the bowel cleansing efficacy of 32-tablet sodium phosphate (Quiklean®) 
with 2-L polyethylene glycol (PEG)/bisacodyl (Klean-Prep/Dulcolax®) under identical 
dietary recommendations.

Research methods
This multicenter, randomized, parallel-group, noninferiority clinical trial enrolled 472 
outpatients, randomized 456 subjects, and scheduled 442 subjects to undergo 
colonoscopy (Quiklean® = 222 and Klean-Prep/Dulcolax® = 220). After bowel 
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preparation, a colonoscopist performed the colonoscopy with video recorded for 
rating. The primary efficacy endpoint was the bowel cleansing quality using the 
Aronchick Scale. The secondary endpoints were the bowel cleansing efficacy of three 
colon segments, tolerability and acceptability, and safety using the Ottawa bowel 
preparation scale, questionnaires by subjects, and monitoring of adverse events.

Research results
Success rates (Excellent + Good) of the bowel cleansing quality by Aronchick Scale 
were 98.6% (n = 205) and 97.6% (n = 204) in the Quiklean® and Klean-Prep/Dulcolax® 
groups, respectively. Quiklean® demonstrated noninferiority over Klean-
Prep/Dulcolax® in colon cleansing efficacy. Quicken showed better tolerability and 
acceptability in the overall experience (was rated as excellent; 24.0% vs 17.2%; P = 
0.0016) and taste of the study preparation (was rated as excellent, 23.1% vs 13.4%; P < 
0.0001) than Klean-Prep/Dulcolax®. Safety profiles did not differ between the two 
groups. Our data indicate that Quiklean® is an adequate, well-tolerated bowel 
cleansing preparation compared with the standard comparator Klean-Prep/Dulcolax®.

Research conclusions
Quiklean® is sodium phosphate tablets available on Taiwan’s market for bowel 
preparation; it potentially offers patients an alternative to standard large-volume 
bowel preparation regimens and may, therefore, increase positive attitudes toward 
colonoscopies and participation rates.

Research perspectives
The bowel cleanser 32-tablet sodium phosphate (Quiklean®) is an adequate bowel 
cleansing preparation with better tolerability and acceptability as compared with the 
standard comparator 2-L polyethylene glycol (PEG)/bisacodyl (Klean-
Prep/Dulcolax®).
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