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Abstract

Background Although polyethylene glycol 3350 plus
electrolytes (PEG3350 4+ E) is the most widely used
osmotic laxative in Europe, prospective data on its long-
term (over 6 months) safety and efficacy are not available
to date.

Methods Japanese patients with chronic constipation were
randomized to receive PEG3350 4+ E or placebo for
2 weeks orally. Following this, the patients received
PEG3350 + E in the 52-week extension study. The start-
ing dose was 13.7 g/day dissolved in 125 mL of water, and
dose titration was allowed (upper limit 41.1 g/day)
according to the patient’s bowel condition. The primary
efficacy endpoint was the change from baseline in fre-
quency of spontaneous bowel movements (SBMs) at
week 2 in the double-blind study. Secondary endpoints and
adverse events were assessed. Safety and efficacy were also
assessed in the extension study.

Results Among 204 patients who provided informed con-
sent, 156 were randomized and included in the full anal-
ysis. The frequency of SBMs was significantly higher with
PEG3350 + E [least squares mean (LSM) 4.3, 95% con-
fidence interval (CI) 3.6—4.9] compared with placebo (LSM
1.6, 95% CI 1.2-2.1; P < 0.0001). A total of 153 patients
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entered the extension study; PEG3350 + E led to a sus-
tained improvement in bowel function. The common
adverse drug reactions during the entire study period were
mild gastrointestinal disorders (abdominal pain 4.5%,
diarrhea 3.8%, nausea 3.2%, abdominal distension 2.6%).
Conclusions Treatment with PEG3350 + E resolved con-
stipation in the short term, was well tolerated, and led to
sustained improvement in bowel function in the long-term
treatment of Japanese patients with chronic constipation.
Clinical trial registration number Japic CTI-163167.
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Introduction

Chronic constipation (CC) is one of the most common
chronic gastrointestinal symptoms. Patients with CC suffer
from infrequent bowel movements, straining, sensation of
incomplete evacuation, and hard stools. CC is most often
defined by the Rome IV diagnostic criteria for functional
constipation published in 2016 [1] (these criteria were
unchanged from the 2006 version [2]). CC reportedly
affects 14-17% of the population in Western countries
[3, 4], occurring more frequently in women and the elderly
[5]; it also affects both the physical and psychological
quality of life [6]. About 28.4% of Japanese adults have
self-reported constipation [7].

Current management for CC usually begins with life-
style modifications, in which the physician increases the
patient’s dietary fiber as well as fluid intake and amount of
exercise. If these interventions are ineffective, stepwise
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drug therapy is used. The therapy usually begins with the
administration of osmotic laxatives, including polyethylene
glycol (PEG)-based laxatives that are currently used
globally [8, 9].

In Europe, the first-line treatment for CC is polyethylene
glycol 3350 plus electrolytes (PEG3350 + E), which is a
minimally absorbable iso-osmotic agent with high molec-
ular weight. It was reported that the mean urinary excretion
of the administered PEG3350 dose ranged from 0.19 to
0.25% [10]. Clinical studies have demonstrated that elec-
trolyte balance is maintained in patients treated with
PEG3350 + E [11, 12]. The effect of PEG3350 + E on
CC is due to its physicochemical property, which is unaf-
fected by any ethnic factors. PEG3350 increases the water
content of stool in a dose-dependent manner [13], which
leads to improved colon motility of softened stools and
defecation mechanics. PEG3350 + E has superior efficacy
to lactulose, but with comparable tolerability to lactulose in
adults and children [11, 12]. A number of independent
systematic reviews have demonstrated the superior efficacy
of PEG over lactulose [14, 15]. Although PEG3350 + E is
the most widely used osmotic laxative in Europe,
prospective clinical data on its long-term (over 6 months)
safety and efficacy are not available to date [16].

In Japan, despite the introduction of novel pharmaceu-
tics for CC (lubiprostone, linaclotide, and elobixibat)
[17-20], PEG3350 + E has not been approved for use in
clinical treatment, and magnesium oxide remains the most
commonly used laxative for CC treatment. This phase 3
study aimed to compare the efficacy and safety of
PEG3350 + E versus placebo for the treatment of Japanese
patients with CC and to assess the long-term safety and
efficacy of PEG3350 + E.

Methods
Study design

This phase 3 study comprised a confirmatory phase, fol-
lowed by an extension phase. The confirmatory phase was
a 2-week, multicenter, randomized, double-blind, placebo-
controlled, parallel-group study, with an initial 2-week run-
in period after screening and before treatment. The exten-
sion phase was a 52-week, open-label, single-arm study.
The study was conducted between February 2016 and
August 2017 (from the first informed consent to the last
observation) at 17 medical institutions in Japan.

The study was performed in accordance with the ethical
principles established in the Declaration of Helsinki and
Good Clinical Practice guidelines. In addition, the study
protocol and informed consent form were approved by the
central institutional review boards of Yokohama Minoru

Clinic, Shin-Nihonbashi Ishii Clinic, and Shinagawa East
One Clinic. All patients provided written informed consent
before study participation. For patients < 20 years old, the
patients provided written informed assent and written
informed consent was provided by the parents. Patient
identification codes were used to enroll and identify
patients. Adequate consideration was given to the protec-
tion of patients’ privacy.

Patients

This study included male and non-pregnant female outpa-
tients aged > 15 years who satisfied the Rome III diag-
nostic criteria for functional constipation, which excludes
recto-anal abnormalities. Patients with constipation-pre-
dominant irritable bowel syndrome (IBS-C) were also
included in this study, in view of symptomatology and
pathophysiology [21, 22]; latent class analysis suggests that
functional constipation and IBS-C differ mostly in the
severity, rather than the type, of symptoms [23]. All
patients in the study met the inclusion criteria of sponta-
neous bowel movements (SBMs) occurring fewer than 3
times per week for at least 6 months, with fewer than 6
SBMs during the 2-week run-in period without loose stool
(Bristol stool form scale [BSFS] type 6 and 7 [24]). In
addition, one or more of the following symptoms had to be
associated with at least 25% of SBMs for at least 6 months:
straining, lumpy, or hard stools, and sensation of incom-
plete evacuation. Absence of organic lesions in the large
intestine was also part of the inclusion criteria. Patients
who had (or were suspected to have) organic constipation,
drug-induced constipation, or constipation induced by
disease, such as hypothyroidism or Parkinson’s disease,
were excluded from the study.

After providing consent, patients underwent vital sign
measurement and laboratory testing to confirm their eligi-
bility, and were provisionally enrolled 15 days prior to the
first day of treatment. Patient eligibility was further
assessed based on the daily records of bowel movement
during the 2-week screening period. Patients with organic
constipation were excluded based on the results of colo-
noscopy performed at least 8 days prior to the screening
period (for those patients who had not previously been
ruled out because of colonoscopy or barium enema within
the past 5 years).

Following the screening period, the electronic data
capture system randomly assigned patients to either the
PEG3350 + E or placebo group. The randomization pro-
cess involved the use of a predetermined randomization
table, which was created with a previously designed per-
muted block method. The randomization table was appro-
priately retained to ensure blinding of the study.
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Study treatment

PEG3350 + E (6.9 g sachet; Norgine Limited, Uxbridge,
UK) is a powder formulation in sachets, each containing
6.5625 g PEG3350, 0.1754 g sodium chloride, 0.0893 g
sodium bicarbonate, and 0.0251 g potassium chloride. The
contents of 1 sachet were reconstituted in approximately
62.5 mL water. The investigational medicinal product was
blinded by using a placebo powder that was indistin-
guishable from PEG3350 + E in terms of appearance,
odor, volume, and appearance after dissolving in water.

In the confirmatory phase, patients were given 2 sachets
of PEG3350 + E or placebo daily. The dose was increased
by 2 sachets every other day until the stool was type 3, 4, or
5 on the BSFS. The maximum daily dose was 6 sachets.
When patients’ BSFS scores were 6 or 7, drug adminis-
tration was either temporarily suspended or continued with
a 2-sachet dosage reduction. The dosage was increased
again when the BSFS score became 1 or 2 or no SBM was
observed during a single day.

The drugs were administered either once or twice a day
depending on the dose as follows: 2 sachets/day, once at
any time; 4 sachets/day, 2 sachets each in the morning and
evening; 6 sachets/day, 2 sachets in the morning and
4 sachets in the evening. Rescue medication (bisacodyl
suppository 10 mg) was allowed only for patients who
experienced no bowel movement for at least 72 consecu-
tive hours between the start of the run-in period and the last
observation. In the extension phase, all patients received
PEG3350 + E at the same dosage regimen of the confir-
matory phase except in the following case: if the number of
complete SBMs (CSBMs; defined as SBMs with a sense of
complete evacuation) at 2 weeks just prior to each visit was
> 6, dosage was reduced by 2 sachets, or the treatment was
suspended at the physician’s discretion. After suspension,
if the weekly number of SBMs was < 3, treatment was
resumed at the same dosage as before suspension.

Study assessments

After randomization, patients received the appropriate
treatment from days 1 to 14 and visited the hospital at
weeks 1 and 2. To evaluate efficacy, patients’ electronic
diaries were used to investigate the date and time of bowel
movements, stool consistency, sensation of incomplete
evacuation, date and time of rescue medication, and
number of study treatment sachets used in the morning and
evening. Stool consistency was self-assessed by patients on
a scale from type 1 (hard lumps) to type 7 (liquid consis-
tency) according to the BSFS. Prior to the beginning of the
extension phase, treatment was suspended for 2 weeks in
order to secure the data obtained during the confirmatory
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phase. In the extension phase, patients visited the hospital
at weeks 0, 2, and 4, and every 4 weeks thereafter.

Vital signs (pulse, blood pressure, and weight) were also
assessed at baseline and week 2 in the confirmatory phase;
at weeks 0, 2, and 4; and every 4 weeks thereafter in the
extension phase. Standard laboratory tests for hematology,
biochemistry, and urinalysis were performed at baseline
and week 2 in the confirmatory phase, and at weeks 0, 4,
12, 24, 36, and 52 or at the time of discontinuation in the
extension phase.

Study endpoints

The primary endpoint of the confirmatory phase was the
change in the frequency of SBMs from baseline at week 2
(i.e., the last week of the 2-week run-in period) of treat-
ment. The secondary endpoints were the change in the
frequency of SBMs and CSBMs from baseline at week 1,
change in the frequency of CSBMs from baseline at
week 2, proportion of SBM and CSBM responders (defined
as > 3 SBMs/CSBMs and increase of at least 1 SBM/
CSBM per week from baseline), and median number of
days to first SBM and CSBM. Other secondary endpoints
were the use of rescue medication, stool consistency (using
BSFES), and the number of sachets of study drugs used. The
efficacy endpoints of the extension phase were relative to
baseline, as with the confirmatory phase. In addition, the
number of days during which the treatment was suspended
was recorded.

Safety endpoints included adverse events (AEs) coded
according to the Medical Dictionary for Regulatory
Activities (MedDRA) version 18.1, results from laboratory
tests, and vital signs observed during the time including the
confirmatory and extension phases and the period between
the two.

Post hoc analysis of the extension phase included the
following assessments: the median weekly frequency of
each BSFS type, duration of SBMs measured every 3 h,
and length of treatment cessation in patients whose medical
condition improved temporarily.

Sample size design and statistical analyses

We planned to include 70 patients in each group for this
study. This was based on the differences in the primary
endpoint (change in SBM frequency from baseline at
week 2) between the 2 groups (3.10 times/week) and their
standard deviations (SDs; placebo, 5.15 SBMs/week;
PEG3350 + E, 6.07 SBMs/week) in the prior phase 2
study (91020/2 study, Norgine B.V.). A sample size of 61
patients per treatment group was estimated to provide more
than 90% power to test the hypothesis that there is a dif-
ference in the primary endpoint between the 2 groups, with
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a 2-sided o of 0.05, based on a ¢ test with unequal vari-
ances. Assuming withdrawals, we planned to include an
additional 10% of patients in each treatment group.

All efficacy analyses were based on the modified intent-
to-treat population without imputation for any missing
data. Multiplicity of endpoints was not accounted for in the
analyses. Analysis of changes from baseline in SBM/
CSBM was performed using analysis of covariance with
baseline value as covariate, assuming unequal variances.
At the week of discontinuation, if a patient had < 5 days of
diary entries regarding defecation during a week, that week
was considered not assessable and was treated as a missing
value. Fisher’s exact test was used for the comparison of
the proportion of patients who were SBM/CSBM respon-
ders between the treatment groups. Wilson’s score method
was used to calculate the 95% confidence intervals (CIs).
The median time to first SBM/CSBM was assessed using
the Kaplan—Meier method, and the log-rank test was used
for pairwise comparisons. Wilcoxon rank-sum test was
used to determine the differences between the groups (in
the confirmatory phase) and time points (in the extension
phase).

The safety analysis population included all patients who
received at least one dose of the study drug. The numbers
and proportions of patients who had adverse drug reactions
(ADRs) were summarized by treatment group.

All reported P values were based on 2-sided tests, and
the significance level was set at 0.05. All data were ana-
lyzed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA)
by A2 Healthcare Co., Ltd. (Tokyo, Japan).

Results
Patient baseline characteristics

A total of 156 patients were administered -either
PEG3350 + E (n = 80) or placebo (n = 76) in the confir-
matory phase (Fig. 1). All 156 patients received at least
one dose of the drug and were included in the modified
intent-to-treat and safety populations. Baseline demo-
graphic characteristics in both groups were similar and well
balanced (Table 1).

Confirmatory phase

A significantly higher increase in the primary endpoint of
change in the frequency of SBMs from baseline at week 2
was observed in the PEG3350 + E group [LSM (SE) 4.3
(0.2), 95% CI 3.64.9] than in the placebo group [LSM
(SE) 1.6 (0.3), 95% CI 1.2-2.1; P < 0.0001; Table 2].
Other SBM-related endpoints, including change in the
frequency of SBMs from baseline at week 1 and the

proportion of responders at weeks 1 and 2, were also
higher in the PEG3350 4+ E group (Table 2). Median
number of days to first SBM was similar in both groups.

For CSBM-related endpoints, the change in the fre-
quency of CSBMs from baseline at week 2 was higher with
PEG3350 + E than with placebo. Median number of days
to first CSBM was shorter in the PEG3350 4+ E group
(Table 2). However, the change in the frequency of
CSBMs from baseline at week 1 and the proportion of
responders did not differ between the groups. Stool con-
sistency was greater with PEG3350 + E (Table 2).

At baseline, 17 (21%) patients in the PEG3350 + E
group and 18 (24%) in the placebo group required rescue
medication. At week 2, in the confirmatory phase, 4 (5%)
patients in the PEG3350 4 E group and 11 (15%) in the
placebo group required such treatment.

The mean + SD dose of drug administered at week 1
and week 2 of the confirmatory phase was 20.73 + 6.77
and 24.18 £ 11.58 sachets in the PEG3350 + E group and
24.67 £ 6.19 and 34.67 £ 10.83 sachets in the placebo
group, respectively.

Extension phase

The mean number of weekly SBMs and CSBMs numeri-
cally and significantly increased from baseline throughout
the 52-week treatment period (Fig. 2a). The proportion of
weekly SBM or CSBM responders did not change
throughout the 52-week study period (Fig. 2b). The median
weekly stool consistency was 2.14 + 1.06 (mean + SD,
hereafter the same) at baseline and 3.93 + 1.25 at week 2
of the extension phase. This remained stable in the range of
391436 during week 1 through week 52 (data not
shown). When the stool consistency based on BSFS was
classified into score groups (1, 2), (3, 4, 5), or (6, 7), the
ratio of (1, 2) decreased from week 1 of the extension
phase, while the ratio of (3, 4, 5) and (6, 7) increased. The
category (6, 7) remained stable from week 3 of the
extension phase (Fig. 2c¢). It was significantly different at
weeks 24 and 52 of the extension phase versus baseline
(Wilcoxon signed-rank test, P < 0.0001). The post hoc
analysis showed that the ratio of BSFS type 4, type 1, and
type 7 in the extension phase was 48.61, 1.33, and 0.06%,
respectively (Fig. 2d).

While the mean number of sachets of drug prescribed
remained at around 19.7-24.3 sachets (2.8-3.5 sa-
chets/day; Fig. 3a) during the period between week 1 and
week 51, it decreased to 15.7 sachets (2.2 sachets/day) at
week 52. The number of patients who required rescue
medication was 35 (22.4%) at baseline (Fig. 3b), and
decreased markedly as the study progressed. Rescue med-
ication was taken by 10 (7%) patients in the first week, and
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| Patients with signed informed consent N =204 |
Withdrawals before provisional enroliment n=6
Patients ineligible for provisional enrollment n=6
| Patients with provisional enrollment N=192 |
Withdrawals before requesting enroliment n=3
Patients ineligible for enroliment n=33
|Enro|[ed patients (randomized patients) N =156 |
Patients who received investigational treatment in
the confirmatory phase
All: N =156
(Placebo: n = 76; PEG3350 + E: n = 80) - - —
Withdrawals after the start of investigational
treatment in the confirmatory phase Placebo: N=3
Patients who completed investigational treatment Discontinuation criteria: Withdrawal by patient n=
in the confirmatory phase Adverse event n=2*
P All: N =153
(Placebo: n = 73; PEG3350 + E: n = 80)
Patients who received investigational treatment in Withdrawals after the start of investigational
the extension phase PEG3350 + E: n = 153 treatment in the extension phase N=25
Discontinuation criteria: Withdrawal by patient n=10
Adverse event n=_8
Patients who completed investigational treatment Lack of efficacy n=2
in the extension phase PEG3350 + E: n = 128 Lost to follow-up n=1
Other n=4

Fig. 1 Patient disposition. PEG3350 + E polyethylene glycol 3350
plus electrolytes. *n =2; one subject each experienced vertigo
positional and contusion. **n = 8; one subject each experienced

infectious colitis, breast cancer, insomnia, abdominal discomfort,
constipation, nausea, eczema, and erythema

Table 1 Patient baseline
characteristics

Confirmatory phase All (n = 156)

Placebo (n = 76) PEG3350 4+ E (n = 80)
Age (years) 42.0 £ 12.8 443 £ 11.6 432 £ 122
Age > 65 years 5 (6.6%) 4 (5.0%) 9 (5.8%)
Female sex 61 (80.3%) 71 (88.8%) 132 (84.6%)
Body mass index (kg/m?) 21.77 £ 2.97 21.64 £+ 2.94 21.70 + 2.95
Fulfilled criteria for IBS-C 10 (13.2%) 15 (18.8%) 25 (16.0%)
SBMs per week® 1.4 +£09 1.6 £ 09 1.5+£09
CSBMs per week® 04 +£0.7 04 £ 0.7 04 + 0.7
Use of rescue medication® 18 (23.7%) 17 (21.3%) 35 (22.4%)
Stool consistency score” 22+ 1.1 2.1 +£1.0 2.1+ 1.1

Data are mean & SD or n (%)

CSBM complete spontaneous bowel movement, /BS-C constipation-predominant irritable bowel syndrome,
PEG3350 + E polyethylene glycol 3350 plus electrolytes, SBM spontaneous bowel movement, SD stan-

dard deviation

“Baseline value was based on week 2 of the run-in period

"Stool consistency was assessed using the Bristol stool form scale
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Table 2 Efficacy in the confirmatory phase
Placebo (n = 76) PEG3350 + E Difference between P value
(n = 80) groups
Primary endpoint
Change in SBMs during week 2 compared with baseline, LSM 1.62 (0.24) 4.27 (0.32) 2.66 (0.40) < 0.0001*
(SE) [95% CI] [1.15-2.09] [3.63-4.92] [1.86-3.54]
Secondary endpoints
SBMs
Change in SBMs during week 1 compared with baseline, mean 1.35 (0.22) 3.36 (0.28) 2.01 (0.35) < 0.0001*
(SE) [95% CI] [0.92-1.79] [2.81-3.92] [1.31-2.71]
Weekly responders at week 1, n (%) 38 (50.0%) 64 (80.0%) < 0.0001°
Weekly responders at week 2, n (%) 41 (56.2%) 69 (86.3%) < 0.0001°
Time to first SBM using the Kaplan—-Meier method, days, 2.0 (2.0-3.0) 2.0 (2.0-3.0) 0.0757¢
median (95% CI)
CSBMs
Change in CSBMs during week 1 compared with baseline, mean 0.74 (0.16) 1.22 (0.19) 0.49 (0.25) 0.0516*
(SE) [95% CI] [0.42-1.06] [0.85-1.60] [0.00-0.98]
Change in CSBMs during week 2 compared with baseline, mean 0.92 (0.19) 1.76 (0.25) 0.84 (0.31) 0.0082%
(SE) [95% CI] [0.54-1.30] [1.27-2.25] [0.22—-1.46]
Weekly responders at week 1, n (%) 15 (19.7%) 19 (23.8%) 0.5667°
Weekly responders at week 2, n (%) 18 (24.7%) 30 (37.5%) 0.1162°
Time to first CSBM using the Kaplan—-Meier method, days, 9 (5.00) 6 (4.0-7.0) 0.0293¢
median (95% CI)
Bristol stool form scale
Stool consistency score at week 1, mean = SD 294 £ 1.15 3.85 £ 1.00
[1, 2] 29 (42.0%) [1, 2] 7 (8.9%) < 0.0001¢
[3.4,5]40 [3, 4, 5] 69
(58.0%) (87.3%)
[6, 7] 0 (0%) [6, 7] 3 (3.8%)
Stool consistency score at week 2, mean + SD 3.34 + 1.28 4.34 £+ 0.96
[1,2] 19 (29.2%) [1, 2] 7 (8.8%) < 0.0001¢
[3, 4, 5] 43 [3, 4, 5] 64
(66.2%) (80.0%)

(6, 71 3 (4.6%)

[6, 719 (11.3%)

CSBMs were defined as SBMs with a sense of complete evacuation. Responders were defined as patients with 3 or more BMs and an increase of

at least 1 BM per week from baseline

ANCOVA analysis of covariance, BM bowel movement, CI confidence interval, CSBM complete spontaneous bowel movement, LSM least
squares mean, PEG3350 + E polyethylene glycol 3350 plus electrolytes, SBM spontaneous bowel movement, SD standard deviation, SE

standard error
“ANCOVA
PRisher’s exact test
“Log-rank test

dWilcoxon rank sum test

approximately 0 (0%) to 8 (5%) patients throughout
52 weeks.

In the post hoc analysis, the time zone ratio of SBM
every 3 h was not influenced by PEG3350 + E, and the
prime-time zone of SBM was 6 a.m. to 9 a.m. (Fig. 4a). A
total of 143 patients discontinued treatment for
55.2 £+ 80.4, 17.0 days (mean £ SD, median, hereafter the
same) during the extension phase. Twenty-three patients

stopped medication as a result of improvement for
60.2 £+ 84.1, 17.0 days. Subsequently, 21 of these patients
were re-administered PEG3350 + E (Fig. 4b).

Safety

The safety analysis set from the confirmatory phase

included 156 patients (PEG3350 + E group, 80; placebo
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Fig. 2 Effects of PEG3350 + E in the extension phase. a Mean
frequency of SBMs and CSBMs. b SBM and CSBM responder rate.
¢ Ratio of type of stool consistency (median) categorized using the
Bristol stool form scale [1, 2], [3, 4, 5], and [6, 7]. d Ratio of stool
consistency (weekly median) at baseline and in the extension phase.
BM bowel movement, CSBM complete spontaneous bowel
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movement, PEG3350 4+ E polyethylene glycol 3350 plus elec-
trolytes, SBM spontaneous bowel movement. Baseline mean was
based on week 2 in the run-in period. CSBMs were defined as SBMs
with a sense of complete evacuation. Responders were defined as
patients with 3 or more BMs and an increase of at least 1 BM per
week from baseline
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Fig. 3 PEG3350 + E and rescue medication use in the extension phase. a Mean and median number of weekly sachets. b Ratio of rescue
medication use. PEG3350 + E polyethylene glycol 3350 plus electrolytes. Baseline mean was based on week 2 in the run-in period

group, 76) and that of the extension phase included 153
patients. The summary of AEs during the extension phase
was conducted for the entire study period (from the con-
firmatory phase to week 52 of the extension phase). The
summary of ADRs is shown in Table 3. In the confirmatory
phase, the incidence rate of AEs was 20.0% (16 of 80
patients) in the PEG3350 + E group and 19.7% (15 of 76
patients) in the placebo group. The incidence rate of ADRs
was 7.5% (6 of 80 patients) and 5.3% (4 of 76 patients) in
the PEG3350 + E and placebo groups, respectively. The
incidence rate of AEs and ADRs in the entire study period
was 78.8% (123 of 156 patients) and 21.2% (33 of 156
patients), respectively. All ADRs were mild in severity.
The most common ADR in the confirmatory phase was
abdominal distension reported in 2.5% (2 of 80) and 0.0%
(0 of 76) of patients in the PEG3350 4+ E and placebo
groups, respectively. The most common ADRs during the

entire study period were mild gastrointestinal disorders
(abdominal pain 4.5%; diarrhea 3.8%; nausea 3.2%; and
abdominal distension 2.6%).

The summary of AEs of the entire period included AEs
reported in patients in the placebo group during the con-
firmatory phase and in all patients during the 2-week break
between the confirmatory and extension phases. Excluding
these AEs, a common AE in the PEG3350 + E group was
nasopharyngitis, and common ADRs were mild gastroin-
testinal disorders such as abdominal pain and diarrhea.

The entire study period from the confirmatory phase
day 1 was classified into periods of 90 days. An AE that
was first observed at a rate of 5% or higher in any period
was nasopharyngitis; its incidence in the period days 1-90,
days 91-180, days 180-270, days 271-360, and day 361
onward was 14.7% (23 of 156 patients), 8.3% (13 of 156
patients), 9.0% (14 of 156 patients), 1.3% (2 of 156

@ Springer



800

J Gastroenterol (2019) 54:792-803

a 35—

30—

25 —

20—

SBM (%)

15 4

10 —

Bl Run-in

B Extension phase

0~3 3~6 6~9 9~12

18~21

12~15 15~18 21~24

Time zone (hours)

#1 -
#2 -
#3
#4_
#5 -

#6 —
#7
#8 —
#9 —
#10
#11 -
#12 -

#13
#14

#15
#16 -
#17 —
#18
#19
#20 -
#21 -

#22

#23

TTT
o R

77 —

TTTT1
DAY

TT1 TTTTTTTTTTTTTTT]1
P O

TT1 TTTTT
DA A S O

Week
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patients), and 1.3% (2 of 156 patients), respectively. No
ADR occurred at a rate of 5% or higher in either the period
or treatment group.

During the confirmatory phase, no fatal or non-fatal
serious AEs were reported in either group. Throughout the
entire study period, there were no deaths. The incidence of
non-fatal serious AEs observed following treatment with

@ Springer

PEG3350 + E was 1.9% (3 of 156 patients; 4 events).
These were infectious colitis, breast cancer, retinal
detachment, and macular hole, each of which was observed
in 1 patient. A causal relationship with the study drug was
ruled out for all these cases. The incidence rate of ADRs
leading to drug discontinuation during the confirmatory
phase was 1.3% (1 of 80 patients; eczema) in the
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Table 3 Summary of ADRs

Confirmatory phase Entire period

Placebo PEG3350 + E All
n =76 n =80 N =156
AEs, n (%) 15 (19.7) 16 (20.0) 123 (78.8)
ADRs, n (%) 4(5.3) 6 (7.5) 33 (21.2)
Mild 4(5.3) 6 (7.5) 33 (21.2)
ADRs leading to discontinuation, n (%) 0 (0.0) 1(1.3) 4 (2.6)
ADRs for > 2% of patients, n (%)
Abdominal pain 1(1.3) 1(1.3) 7 (4.5)
Diarrhea 0 (0.0) 1(1.3) 6 (3.8)
Nausea 1(1.3) 1(1.3) 53.2)
Abdominal distension 0 (0.0) 2(2.5) 4 (2.6)

Categorization of AEs was based on the Medical Dictionary for Regulatory Activities version 18.1

ADR adverse drug reaction, AE adverse event, PEG3350 + E polyethylene glycol 3350 plus electrolytes

PEG3350 + E group. Throughout the entire study period,
2.6% (4 of 156; abdominal discomfort, nausea, eczema,
and erythema) of patients experienced ADRs that led to
drug discontinuation. There were no clinically significant
changes in clinical laboratory values and vital signs during
either the confirmatory or extension phase.

Discussion

The results from the confirmatory phase showed that
PEG3350 4+ E was more effective and well tolerated for
the short-term treatment of Japanese patients with CC
compared with placebo, using the same dosage that has
been used in Europe (13.7—41.1 g/day). This double-blind
study was of short duration, but it was reported that the
mean number of successful defecations increased from
2 weeks following the drug administration and were sus-
tained through the 12-week study period [25]; similar
results were obtained in the extension phase.

During the confirmatory phase, the dosage of
PEG3350 + E increased from week 1 (20.73 £ 6.77
[mean 4 SD]J) to week 2 (24.18 £+ 11.58). At week 1, a
larger increase in SBM frequency from the baseline was
observed in patients in the PEG3350 + E group than those
in the placebo group. Furthermore, PEG3350 + E showed
a greater increase in stool consistency at week 1 compared
with placebo. Treatment with PEG3350 + E maintained
patients’ stool consistency equivalent to that of type 4 stool
defined in BSFS. These observations suggest that
PEG3350 + E increased SBMs and improved stool con-
sistency from the first treatment week.

In this study, the findings from the extension phase
showed that PEG3350 + E is well tolerated. A frequently
observed AE in the PEG3350+ E group was

nasopharyngitis; however, cases of nasopharyngitis did not
increase throughout the study period. Common ADRs
observed were mild gastrointestinal disorders, including
abdominal pain and diarrhea. These ADRs are thought to
be caused by the mechanism of action of PEG3350 + E.

PEG3350 + E improved bowel function throughout the
extension phase. Under the dosage regimen that has been
commonly used in Europe and without any increase in
dosage, administering PEG3350 + E increased not only
the frequency of bowel movements but also the stool
consistency of Japanese patients with CC.

The dosage of PEG3350 + E was adjusted so that
patients’ stool consistency remained at a level defined as
BSFS type 3, 4, or 5. Thus, the median weekly BSFS was
maintained at about type 4 throughout the experimental
period. However, importantly, good stool consistency
(BSFS type 3, 4, or 5) was recorded during more than 80%
of the treatment period, while hard stool (BSFS type 1 or 2)
and loose stool (BSFS type 6 or 7) were recorded during
less than 10% of the treatment period, except for treatment
weeks 1 and 2. To clarify the efficacy of PEG3350 + E for
stool consistency, a post hoc analysis was conducted.
Accumulated and classified stool consistency records
showed that BSFS type 4 was the most observed and
type 1 (separate, hard, lumpy) and type 7 (watery) were the
least observed (Fig. 2d). Moreover, dosage of
PEG3350 + E was almost stable or slightly reduced in
long-term use.

The mean number of sachets of the study drug used at
week 52 was lesser than in other weeks (Fig. 3a) because
some patients visited a hospital before the planned visiting
day (day 365) using visit allowance (& 7 days) and their
treatment duration was less than 7 days. This study
reconfirmed that dosage adjustment of PEG3350 + E
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using BSFS is very useful in controlling the stool consis-
tency as well as the increment of SBM.

Our study indicated the necessity of a long-term treat-
ment for the complete treatment of CC. Only 2 out of 153
patients remained completely treatment-free after a short
treatment period, suggesting the need for long-term treat-
ment and a laxative with high tolerability and prolonged
effects, such as PEG3350 + E, to achieve complete treat-
ment effects in CC.

The data from patients’ electronic diaries, namely, time
zone ratio of SBM every 3 h, were not influenced by
PEG3350 + E. These results suggest that PEG3350 4+ E
induces natural bowel movement without trigger action for
bowel movement.

The data on long-term use of PEG3350 + E for CC are
limited. PEG3350 4 E was administered for 6 months in
an earlier prospective study; however, in that study,
patients were hospitalized in a single medical facility and
the PEG3350 + E formulation used contained sodium
sulfate [16]. The longest duration of treatment with
PEG3350 + E of the same formulation as used in this
study is 3 months [26]. According to a previously con-
ducted retrospective study, the longest duration of
PEG3350 + E administration is 24 months; however, the
study was limited to data collected from hospitalized
patients with severe learning disabilities [27]. In contrast,
this clinical trial was prospective and conducted with
outpatients recruited from various sites. Thus, despite the
limitations of this being an open-label, single-arm study,
our results sufficiently demonstrate the safety and effects of
long-term use of PEG3350 + E in Japanese patients with
CC.

In conclusion, the results from the 2-week confirmatory
phase demonstrated that PEG3350 + E is significantly
more effective than placebo in treating CC. Moreover, the
efficacy of the drug lasted for the entire 52-week extension
phase, and PEG3350 + E was shown to have high tolera-
bility in the long-term treatment of CC.
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