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Abstract

Background: In two phase 3 trials, elobixibat, a locally acting ileal bile acid trans-
porter inhibitor, resolved constipation and was well tolerated in Japanese patients
with chronic constipation. We analyzed the efficacy, safety, and impact on quality of
life (QOL) of elobixibat in patients with symptomatically more severe constipation in
the two phase 3 trials.

Methods: This post hoc analysis of elobixibat treatment outcomes included data
from a 2-week, randomized, placebo-controlled, phase 3 trial (10 mg/d), and a 52-
week, open-label trial (5-15 mg/d) in subgroups with severe constipation defined as
<2 spontaneous bowel movements (SBMs) and <3 Bristol Stool Form Scale score
during the second week of the 2-week run-in period. We also analyzed the rates of
abdominal pain, diarrhea, and QOL in subgroups according to sex, presence of consti-
pation-predominant irritable bowel syndrome (IBS-C) and side effects.

Key Results: In patients with severe constipation, there was significant improvement
in the 10 mg elobixibat group compared to the placebo group in change in SBMs from
baseline at week 1 (primary endpoint) of the 2-week trial. The differences between
groups were reduced in patients with more severe constipation. Increasing the dose
to 15 mg was effective for more severe constipation in improving the number of
SBMs per week in the 52-week trial. Overall, elobixibat was well tolerated and im-
proved QOL scores, irrespective of gender, presence of IBS-C or side effects.
Conclusions & Inferences: Elobixibat is effective for symptomatically severe consti-
pation, is well tolerated and improves QOL, irrespective of potentially confounding

patient characteristics.
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1 | INTRODUCTION

Constipation is self-reported by 27.2% of North American adults®
and 28.4% of Japanese adults,? although the prevalence differs with
the definition used. The symptoms of chronic constipation are in-
frequent bowel movements, straining, a sensation of incomplete
evacuation, and the presence of hard stools.® These negatively af-
fect quality of life (QOL) and impose socioeconomic burdens.* In the
absence of rectal evacuation disorders, most patients with constipa-
tion have normal colonic transit, but a few have slow colonic transit®
associated with reduced colonic propagated contractions.® Lower
levels of 48-hour fecal excretion of total and secretory bile acids
(BAs), such as deoxycholic and chenodeoxycholic acids, are associ-
ated with constipation.” Total fecal BA excretion and fasting serum
7-a-hydroxy-cholesten-one (a surrogate marker of BA synthesis)
have also been associated with slow colonic transit.?

Elobixibat (PubChem CID: 9939892) is a minimally absorbed in-
hibitor of the ileal BA transporter (IBAT, also called apical sodium-
dependent BA transporter). Approved in Japan in January 2018 for
the treatment of chronic constipation, this IBAT inhibitor interrupts
the enterohepatic circulation of BAs and upregulates hepatic BA
synthesis.” Increased concentrations of BAs in the colon then en-
hance colonic transit by stimulating fluid and electrolyte secretion®®
and by inducing high-amplitude propagated contractions (HAPCs),
as demonstrated experimentally by the effects of intraluminal che-
nodeoxycholate.!! In phase 2 clinical trials in North America, elo-
bixibat significantly accelerated colonic transit and improved bowel
function®®3; in dogs, it successfully induced HAPCs.1

Complementing the existing research, our research groups have
recently published the results of phase 1, 2, and 3 trials in Japan.**
17 Among these, there have been two phase 3 trials sharing similar
methodologies. The first was a randomized, double-blind, placebo-
controlled, 2-week trial in Japanese patients with chronic constipa-
tion, which showed that 10 mg of elobixibat once daily was safe and
effective. The second was an open-label, single-arm, 52-week trial,
which showed that 5-15 mg of elobixibat once daily was well toler-
ated, safe and improved QOL from baseline, and the most common
adverse drug reactions (ADRs) of elobixibat were mild diarrhea or
mild abdominal pain.

Previously, it was reported that experiencing <2 bowel move-
ments per week or having a mean stool consistency of <3 on the
Bristol Stool Form Scale (BSFS) score for 5 days could be used as
independent predictors of slow transit constipation in Western
cohorts.*®* In addition, recent reports in Eastern cohorts demon-
strated that <2 bowel movements and <3 mean BSFS score for
5 days could be a valid predictive marker for slow colonic transit.?°
To date, however, there has been no research to indicate whether
elobixibat is effective in cases of more severe constipation that may
be associated with slow transit constipation.

In this study, we aimed to assess the efficacy, safety and impact
on QOL of elobixibat in specific patient subgroups, particularly fo-

cusing on baseline characteristics of severe constipation (defined as

Key Points

o Elobixibat was effective and well tolerated for patients
with chronic constipation in two Japanese phase 3 trials.
We conducted post hoc analyses in patients with severe
constipation in the trials.

e Significant improvement in spontaneous bowel move-
ments in the 10 mg elobixibat group was observed dur-
ing week 1 (primary endpoint) compared with the
placebo group.

e Elobixibat was well tolerated and improved quality of
life, irrespective of patient background or experience of

side effects of abdominal pain and diarrhea.

<2 spontaneous bowel movements [SBM] and <3 mean BSFS score
measured in the second week of the 2-week run-in period), sex, and
presence of features consistent with constipation-predominant irri-
table bowel syndrome (IBS-C).

2 | MATERIALS AND METHODS

2.1 | Study design

This post hoc analysis was based on previously reported data from
the 2-week, randomized, controlled trial (JapicCTI-153062, or the
“2-week trial”) and the 52-week, open-label trial (JapicCTI-153061,
or the “52-week trial”), the designs of which have been described
in detail previously.17 In both trials, there was a 2-week run-in pe-
riod before the eligible patients took the study drug for the study
duration as an oral tablet before breakfast, once per day. Patients
were monitored in an outpatient setting at each study site. In the
2-week trial, 10 mg elobixibat or a placebo was taken once per day
for 2 weeks (single cycle). In the 52-week trial, participants received
elobixibat oral tablets for 52 weeks at a dose of 10 mg/d for the first
week; thereafter, patients could titrate the dose to 5 or 15 mg/d, or
maintain the 10 mg/d dose, based on the effectiveness of the drug
and the development of ADRs.

2.2 | Participants

Males and females (non-pregnant), aged 220 years, were included
in the study if they satisfied the Rome Il criteria for the diagnosis
of functional constipation.?! Patients with IBS-C were included in
both trials. Patients were excluded if their chronic constipation was
caused by organic disorders of the intestine (mechanical obstruc-
tion or neurological, endocrine, or metabolic disorders), medications,
or intestinal or rectal surgery (except for simple appendectomy).
Finally, participants in the 2-week trial were excluded from the 52-

week, open-label trial.
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2.3 | Post hoc analysis of efficacy

All efficacy analyses, including post hoc analyses, were based on a
modified intention-to-treat population (ie, defined as patients who

received at least one dose of the study drug).”

Subgroup analysis of
efficacy was performed among subgroups by IBS-C diagnosis (with
and without), sex, age (<65 and 265 years), or more severe constipa-
tion. This final criterion was classified into three groups based on
the occurrence of SBMs and mean BSFS score during the second
week of the 2-week run-in period: severe constipation with SBM
<2 and BSFS score <3; very severe constipation with SBM <1 and
BSFS score <3; or absolute constipation if SBM = 0. We used modi-
fied SBM and BSFS score criteria from the previous report?® and as-
sessed symptoms over a more rigorous period of 7 days rather than
5 days.

The efficacy endpoints were the same as previously reported.17
The primary endpoint of the 2-week trial was the change from base-
line (the second week of the 2-week run-in period) in the frequency
of SBMs during the first week of treatment (week 1). Analyses were
grouped by SBM number plus BSFS score, age, sex, and IBS-C di-
agnosis. The prespecified secondary endpoints were change in fre-
quency of complete SBMs (CSBMs; ie, SBMs associated with a sense
of complete evacuation), proportions of weekly SBM and CSBM re-
sponders (defined as three or more SBMs or CSBMs per week and
an increase of at least one SBM or CSBM per week from baseline),
time to the first SBM, and so on. As a post hoc secondary endpoint,
we included time to first CSBM.Y” The subgroup post hoc analyses
of efficacy were not prespecified except for prespecified subgroup
analysis of the primary endpoint among subgroups by IBS-C diagno-
sis, sex, and age.

In the 52-week trial, data were recorded for each treatment
week and at baseline. No treatment was received during the 2-week

run-in period in either study.

2.4 | Post hoc analysis of safety and QOL

The safety analyses relied on the data for all patients who received
at least one dose of the study drug. In the 52-week trial, the pri-
mary outcome was safety based on the presence of ADRs, with mild
abdominal pain and diarrhea being most common. For the post hoc
analysis of safety, we analyzed subgroups based on age, sex, and
IBS-C diagnosis to identify differences in the incidence (%), the me-
dian number of days to first onset, and the median number of days
to resolution of abdominal pain and diarrhea.

The efficacy endpoint in the 52-week trial also included an as-
sessment of health-related QOL, based on the Japanese version of
the Patient Assessment of Constipation Quality of Life Questionnaire
(JPAC-QOL). The JPAC-QOL contains 28 items grouped into four
subscales covering the following: worries and concerns (11 items),
physical discomfort (four items), psychosocial discomfort (eight
items), and satisfaction (five items). For the post hoc analyses of the
JPAC-QOL, we analyzed subgroups based on age, sex, IBS-C diag-
nosis and side effects (patients who experienced abdominal pain or
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diarrhea at least once). Assessments were performed at baseline, at
weeks 4, 12, 24, 36, and 52, and at the time of patient withdrawal.

2.5 | Statistical analysis

For the primary endpoint (changes in SBM frequency) and changes in
CSBM frequency in the first week of the 2-week trial, differences in
the least squares means with 95% confidence intervals (Cls) between
elobixibat and placebo were estimated using analysis of covariance
(ANCOVA) model; models with different variances were used in the
elobixibat and placebo groups. Odds ratios (OR) with 95% Cls for
the proportions of SBM or CSBM responder rates in the elobixibat
group vs placebo group were calculated using Firth's penalized likeli-
hood logistic regression model. Hazard ratios (HR) with 95% Cls for
the time to first SBM or CSBM in the elobixibat group vs the placebo
group were estimated using Cox regression model with the same ef-
fects as logistic regression. Interaction terms of treatment by sub-
group were included in each model, and tests of interaction among
subgroups were also performed. The median times to first SBM were
assessed by the Kaplan-Meier method.

In the 52-week trial, the numbers and proportions of patients
who had abdominal pain or diarrhea were summarized, and we as-
sessed the differences with 95% Cls between subgroups. The 95%
Cls for risk difference in ADRs were calculated using Newcombe's
method. Statistical comparison of the QOL subscale scores from
baseline was performed using t test, and the mean differences with
95% Cls were calculated for the overall JPAC-QOL scores of each
subgroup during the 52-week treatment period.

All P-values were based on two-sided tests, and the significance
level was set at 0.05. All data were analyzed using SAS 9.4 (SAS
Institute Inc, Cary, NC, USA) and were provided by EA Pharma Co.,
Ltd.

3 | RESULTS

3.1 | Baseline bowel movements

Table 1 shows the SBMs or CSBMs baseline characteristics of the in-
cluded populations or subgroups that satisfied the criteria for severe
constipation in the second week of the 2-week run-in period before
the 2-week and 52-week trials. The data of the included participants
were derived from those previously reported.r” As shown, both
SBMs and CSBMs between placebo and elobixibat in each subgroup
were well balanced except for CSBMs in patients with not severe

constipation.

3.2 | Post hoc analysis of efficacy in patients with
severe constipation

In the 2-week trial, significant improvements in the primary endpoint
(change in SBMs from baseline at week 1) were observed in differ-
ences between the 10 mg elobixibat group and the placebo group
in the subgroups except for absolute constipation (Figure 1A). The
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TABLE 1 Baseline of the two phase 3

el SbuikibEr trials included for post hoc analysis
Placebo Elobixibat 10 mg Elobixibat 5-15 mg
N Mean (SD) N Mean (SD) N Mean (SD)
SBMs/week?
All 63 1.7 (1.0) 69 1.8(0.9) 340 1.5(1.0)
Severe constipation 47 1.4 (0.8) 42 1.3(0.7) 264 1.2(0.8)
Very severe constipation 20 0.6 (0.5) 22 0.7 (0.5) 153 0.6 (0.5)
Absolute constipation 8 0.0 (0.0) 7 0.0 (0.0) 63 0.0 (0.0)
Not severe constipation 16 2.6 (1.0) 27 2.5(0.7) 76 2.5(0.9)
Not very severe 43 2.2 (0.6) 47 2.3(0.6) 187 2.2 (0.6)
constipation
Not absolute 55 1.9 (0.8) 62 2.0(0.7) 277 1.8(0.7)
constipation
CSBMs/week”
All 63 0.5(0.8) 69 0.6 (0.8) 340 0.4 (0.7)
Severe constipation 47 0.2 (0.5) 42 0.4(0.7) 264 0.3(0.6)
Very severe constipation 20 0.2 (0.4) 22 0.2 (0.4) 153 0.1(0.3)
Absolute constipation 8 0.0 (0.0) 7 0.0 (0.0) 63 0.0(0.0)
Not severe constipation 16 1.3(1.2) 27 0.8 (1.0) 76 0.9 (0.9)
Not very severe 43 0.6 (1.0) 47 0.7 (0.9) 187 0.7 (0.8)
constipation
Not absolute 55 0.5(0.9) 62 0.6 (0.9) 277 0.5 (0.8)

constipation

Data show mean (SD).

Severe constipation: <2 SBM and <3 BSFS score per week, very severe constipation: <1 SBM and <3
BSFS score per week, absolute constipation: SBM = 0 per week in second run-in week.
BSFS, Bristol Stool Form Scale; CSBM, complete spontaneous bowel movement; SBM, spontaneous

bowel movement; SD, standard deviation.

*The 2-wk trial (10 mg dose only) was randomized and controlled, while the 52-wk trial (10 mg start-

ing dose, titrated between 5 mg and 15 mg) was open-label.
PBaseline value is based on the second run-in week (week -1).

efficacy results for the severe constipation subgroup were similar
to the efficacy in the total patient cohort. The differences between
elobixibat and placebo groups were reduced in patients with more
severe constipation. Thus, differences between elobixibat and pla-
cebo (95% Cl; lower limit, upper limit) for severe constipation/very
severe constipation/absolute constipation were 4.9 (3.3, 6.5), 3.8
(1.6, 6.0)and 1.7 (-2.3, 5.7), respectively. Regardless of the presence
of IBS-C symptoms, gender, or age, patients exhibited significant im-
provements in the primary endpoint.

Similar results were observed for the change in CSBM from
baseline to week 1 (Figure 1B). There were significant ORs of weekly
SBM/CSBM responder rates at week 1 in different constipation
severity subgroups except for absolute constipation (Figure 2A,B).
For HRs of time to first CBM/CSBM, similar values were observed
regardless of the constipation severity except for absolute consti-
pation (Figure 2C,D). All tests of interaction were not statistically
significant in all subgroups.

The median time to first SBM after elobixibat was similar be-
tween the total cohort and the severe constipation subgroup (5.1
and 5.6 hours, respectively), and was also similar for the total cohort

and severe constipation subgroup treated with placebo (25.5 and
25.0 hours, respectively). In the very severe constipation sub-
group, the median time to first SBM after elobixibat was 5.0 hours,
which was significantly faster than the placebo treatment group
(46.0 hours) and comparable to the entire constipation cohort and
the severe constipation group.

Numbers needed to treat (NNTs) were calculated for the SBM
and CSBM responder rates at week 1. NNTs for the SBM/CSBM
response in the total constipation cohort were 2.9/2.9, severe con-
stipation subgroup 3.6/3.1, and very severe constipation subgroup
2.8/3.6.

In the 52-week trial, the mean weekly change in SBMs and
CSBMs from baseline increased consistently in the severe, very se-
vere, and absolute constipation subgroups, which were comparable
to the changes observed in the whole constipation cohort (Figure 3).
In patients with IBS-C or without IBS-C, the mean weekly change in
SBMs and CSBMs from baseline increased equally, irrespective of
IBS-C status. A summary of treatment titration between the 5, 10
and 15 mg doses over the 52 weeks is shown in Table 2. As the se-
verity of the baseline constipation increased, more patients titrated
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(A) Placebo better Elobixibat better (B) Placebo better Elobixibat better

Difference (95%Cl)—4 -2 0 2 4 6 8 10 12 P value for Difference (95%CIl) -4 -2 0 2 4 6 8 10 12 P value for
Al (63, 67) 47 (3.4-5.9) o interaction All (63,67) 28(1838) et interaction
Severe constipation (47, 40) 4.9 (3.3-6.5) —eo—i 0.7644 Severe constipation (47, 40) 2.2 (0.9-3.5) e 0.1660
Not severe constipation (16, 27) 4.5 (2.5-6.6) —e— ’ Not severe constipation (16, 27) 3.7 (2.1-5.4) —eo—i :
Very severe constipation (20, 21) 3.8 (1.6-6.0) —e— 0.3657 Very severe constipation (20, 21) 2.0 (0.2-3.8) —e—i 0.2840
Not very severe constipation (43, 46) 5.0 (3.5-6.5) —eo— ’ Not very severe constipation (43, 46) 3.1 (1.9-4.4) —o— ’
Absolute constipation (8, 6) 1.7 (-2.3-5.7) e 01241 Absolute constipation (8, 6) 1.1(-2.2-4.4) e 02910
Not absolute constipation (55, 61) 5.0 (3.7-6.2) —e— ’ Not absolute constipation (55, 61) 2.9 (1.9-4.0) e ’
With IBS-C (13, 22) 5.1(2.9-7.4) —e—i 06826 With IBS-C (13, 22) 2.2 (0.4-4.0) —e—i 04500
Without IBS-C (50, 45) 4.6 (3.1-6.1) —eo— : Without IBS-C (50, 45) 3.0 (1.8-4.3) —eo— :
Male (11, 12) 4.1(1.1-7.0) —e— Male (11, 12) 3.5(1.1-5.9) —e—
Female (52, 55) 4.8 (3.5-6.2) o 0.6500 Female (52, 55) 2.6 (153.7) o 0.5269
Age <65 (58, 61) 4.5(3.3-5.8) —e—i 0.5188 Age <65 (58, 61) 2.8(1.7-3.9) [ 0.8351
Age 265 (5, 6) 6.0 (1.8-10.2) e Age 265 (5, 6) 2.4 (-1.0-5.8) e

FIGURE 1 Subgroup analysis of elobixibat and placebo of changes in SBMs (A) and CSBMs (B) from baseline at week 1 in the 2-wk
randomized trial. Data show least-squares mean differences (95% Cl: lower limit-upper limit) between placebo and elobixibat groups. The
primary endpoint was the change in the frequency of SBMs at week 1. Number of patients in each subgroup are shown in parentheses
(placebo group: elobixibat group). P values for interaction between closest subgroups of patients are shown in the table. <2 SBM and <3
BSFS score per week, very severe constipation: <1 SBM and <3 BSFS score per week, absolute constipation: SBM = 0 per week in second
run-in week. BSFS, Bristol Stool Form Scale; Cl, confidence interval; CSBM, complete spontaneous bowel movement; IBS-C, constipation-
predominant irritable bowel syndrome; SBM, spontaneous bowel movement

(A) Placebo better Elobixibat better (B) Placebo better Elobixibat better
0 1 10 100 0 1 10 100
0Odds ratio (95%Cl) P value for Odds ratio (95%Cl) P value for
interaction interaction
All (63, 67) 9.3 (3.2-27.7) —e—i All (63, 67) 5.0 (2.2-11.1) —e—i
Severe constipation (47, 40) 5.1(1.6-16.1) e 0.1928 Severe constipation (47, 40) 5.2 (1.9-14.9) —e— 0.6307
Not severe constipation (16, 27) 43.4 (2.1-885.2) —e— Not severe constipation (16, 27) 3.5(0.9-12.9) e
Very severe constipation (20, 21) 5.3 (1.2-22.8) e Very severe constipation (20, 21) 3.8 (0.9-16.3) e
0.3293 0.6931
Not very severe constipation (43, 46) 16.5 (2.8-95.8) e Not very severe constipation (43, 46) 5.4 (2.1-14.0) —e—
Absolute constipation (8, 6) 4.7 (0.5-45.6) —e— Absolute constipation (8, 6) 4.6 (0.1-169.2) |}
Not absolute constipation (55, 61)  12.7 (3.2-51.1) e 0.4629 Not absolute constipation (55, 61) 4.9 (21-11.1) —e—i 0.9801
(c) Placebo better Elobixibat better (D) Placebo better Elobixibat better
0 1 10 0 1 10
Hazard ratio (95%Cl) P value for Hazard ratio (95%Cl) P value for
interaction interaction
Al (63, 68) 2.4 (1.7-3.5) —e— All (41, 57) 2.5(1.6-3.8) —o—i
Severe constipation (47, 41) 2.3 (1.5-3.5) —e—i 07154 Severe constipation (31, 34) 2.3(1.4-3.8) —e—i 0.6806
Not severe constipation (16, 27) 2.6 (1.4-5.0) —e—i Not severe constipation (10, 23) 2.8 (1.3-6.0) —e—
Very severe constipation (20, 21) 3.0 (1.5-5.8) —e— Very severe constipation (12, 17) 2.3 (1.1-5.0) ——
0.5229 0.7348
Not very severe constipation (43, 47) 2.3 (1.5-3.6) —o— Not very severe constipation (29, 40) 2.7 (1.6-4.5) —e—i
Absolute constipation (8, 6) 2.0 (0.7-5.9) —e— Absolute constipation (2, 5) 0.9 (0.2-4.5) e
Not absolute constipation (55, 62) 2.6 (1.8-4.0) —e—i 06414 Not absolute constipation (39, 52) 2.9 (1.8-4.6) —e—i 0.1668

FIGURE 2 Subgroup analysis of elobixibat and placebo of weekly SBM (A) or CSBM (B) responder rates at week 1 or time to first SBM
(C) or CSBM (D) in more severe chronic constipation in the 2-wk randomized trial. Data show odds ratios (95% Cl: lower limit-upper limit) for
the proportions SBM (A) or CSBM (B) responder rate in elobixibat group vs placebo group or hazard ratio (95% Cl) for time to first SBM(C)/
CSBM (D) between groups. Number of patients in each subgroup are shown in parentheses (placebo group: elobixibat group). P values for
interaction between closest subgroups of patients are shown in the table. Severe constipation: <2 SBM and <3 BSFS score per week, very
severe constipation: <1 SBM and <3 BSFS score per week, absolute constipation: SBM = 0 per week in second run-in week. BSFS, Bristol
Stool Form Scale; Cl, confidence interval; CSBM, complete spontaneous bowel movement; SBM, spontaneous bowel movement
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FIGURE 3 Mean changesin SBMs (A, B) and CSBMs (C, D) from last week of run-in period (week -1) during the 52-wk open-label trial.
Definitions: Severe constipation: <2 SBM and <3 BSFS score per week, very severe constipation: <1 SBM and <3 BSFS score per week,
absolute constipation: SBM = 0 per week in second run-in week. BSFS, Bristol Stool Form Scale; CSBM, complete spontaneous bowel
movement; IBS-C, constipation-predominant irritable bowel syndrome; SBM, spontaneous bowel movement

TABLE 2 Summary of treatment titration in the 52-week open-label trial

Patient proportion in the 52-wk?, % (n)

All
5mg 43 (145)
10 mg 100 (340)
15 mg 46 (157)
Severe constipation
5mg 40 (105)
10 mg 100 (264)
15 mg 50 (132)
Very severe constipation
5mg 36 (55)
10 mg 100 (153)
15 mg 58(88)
Absolute constipation
5mg 13(8)
10 mg 100 (63)
15 mg 83 (52)

Treatment duration in the

Patient proportion in the last 4 wk?® % (n)  52-wk, mean days (SD)

31(89) 202 (138)
34 (99) 133 (142)
37(107) 210 (136)
28 (63) 201 (138)
33(75) 128 (141)
41 (93) 220 (137)
20 (26) 178(139)
29 (37) 113(135)
51 (66) 237(131)

6(3) 116 (130)
21 (11) 94 (128)
73(38) 242 (137)

Severe constipation: <2 SBM and <3 BSFS score per week, very severe constipation: <1 SBM and <3 BSFS score per week, absolute constipation:

SBM = 0 per week in second run-in week.

BSFS, Bristol Stool Form Scale; SBM, spontaneous bowel movement; SD, standard deviation.

2Double counts were allowed if the 340 patients, who fulfilled with modified intent to treat, changed the dose during 52 wk or the last 4 wk of 52 wk.
In the 52-wk trial, participants received elobixibat oral tablets for 52 wk at a dose of 10 mg/d for the first week; thereafter, patients could titrate the
dose to 5 or 15 mg/d, or maintain the 10 mg/d dose, based on the effectiveness of the drug and the development of adverse drug reactions.
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TABLE 3 Subgroup analysis of the incidence of abdominal pain and diarrhea in the 52-wk open-label trial

Abdominal pain

Median first onset, day
(IQR)

Median resolution, day

(IQR)

2 (1-54) 15(7-54)
2 (1-54) 15 (7-54)

1 4
32(1-132) 15 (3-51)
2 (1-49) 17 (7-57)
3(1-49) 15 (7-33)
1(1-54) 15 (7-90)

Category Subgroup (n) Incidence, % (n)
Whole All (340) 24 (82)
Age <65 (314) 26 (81)
265 (26) 4(1)
Difference, % (95% Cl) 22 (6, 28)
Sex Male (57) 19 (11)
Female (283) 25(71)
Difference, % (95% Cl) -6(-16,7)
IBS-C With (101) 29 (29)
Without (239) 22 (53)
Difference, % (95% Cl) 7(-3,17)
Diarrhea
Category Subgroup (n) Incidence, % (n)
Whole All (340) 15(50)
Age <65 (314) 15 (47)
265 (26) 12(3)
Difference, % (95% Cl) 3(-14, 12)
Sex Male (57) 16 (9)
Female (283) 14 (41)
Difference, % (95% Cl) 1(-7,13)
IBS-C With (101) 14 (14)
Without (239) 15(36)
Difference, % (95% Cl) -1(-9,8)

Medium first onset, day

(IQR)

Median resolution, day

(IQR)

21 (2-86) 6(2-34)
18 (2-83) 6 (2-34)
178 (2-310) 6(1-163)
56 (8-88) 13 (4-41)
18 (2-79) 6(2-33)
28 (2-88) 5(2-47)
17 (4-85) 8 (3-26)

Data show the number of patients % (n) for incidence, the difference % of the number of patients (95% Cl: lower limit, upper limit) between groups, or

the median day interquartile range (IQR) for the first onset or resolution.

Cl, confidence interval; IBS-C, constipation-predominant irritable bowel syndrome; IQR, interquartile range.

to the elobixibat 15 mg dose, the treatment duration at the 15 mg
dose increased, and the proportion of patients still taking that dose
in the last 4 weeks of the 52-week trial increased.

3.3 | Post hoc analysis of safety and QOL in patients
with severe constipation

Table 3 shows the safety summary, focusing on abdominal pain and
diarrhea, as reported in the 52-week trial. There were no significant
differences in the frequency of either abdominal pain or diarrhea in
relation to IBS-C or sex. Among patients aged 265 years, only one
experienced abdominal pain and only three experienced diarrhea.
Excluding males and patients aged 265 years, due to small sample
sizes, the median times to the first onset of abdominal pain and diar-
rhea were 1-3 and 17-28 days, respectively; the corresponding me-
dian times to resolution were 15-17 and 5-8 days, respectively.
Based on the sub-score analysis of the JPAC-QOL (Table 4A),

elobixibat significantly improved physical discomfort, psychosocial

discomfort, worries and concerns, satisfaction, and overall JPAC-
QOL scores compared with baseline. In the subgroup analysis of the
overall JPAC-QOL scores (Table 4B), no clinically significant differ-
ences were observed in relation to sex, IBS-C status, or experience

of abdominal pain or diarrhea as ADRs.

4 | DISCUSSION

In this post hoc analysis, we assessed the efficacy of elobixibat in
patients with severe chronic constipation based on a combination
of SBM and BSFS criteria, which may be a predictive marker of slow
transit constipation. Elobixibat at a 10 mg dose produced significant
improvements in SBM- and CSBM-based endpoints in the 2-week
trial, although its efficacy decreased with increased baseline severity
of constipation, as determined from the baseline frequency of SBMs.
Long-term improvements tended to be observed in patients with

fewer SBMs at baseline, but these remained comparable to those



NAKAJIMA ET AL.

Neurogastroenterology & Motility

WILEY

8 0of 10

(3593 7) dUIj9SEY Y1IM paJedwiod 10000 > d,

M ZG 33 JSA0 JUSAS BUO Jse3| Je padusliadxa jusiied ay |,

‘uoljelnap

plepuejs ‘gs ‘alieuuol}sand o417 4o Ajjend uojjedijsuor) JO JUSWSSISSY Judljed DY} JO UOISIDA asaueder “TOD-IV( DWOIPUAS [oMOq 3|qe3ildl Jueujwopald-uolijedijsuod ‘)-sg| {|eAdajul 2UapIu0d ‘|
'sdnoJu3 usamiaq (Huwl| Jaddn wl| JOMO] 1|D %G6) 2IUBIBLJIP 4O (S) UBaW Moys eleq

(€0 v0°0-) T0 (¢0‘C0-) 100 (T'0 ‘C°0-) ¥0'0- (¢0‘T'0-)S00 (€'0‘v0°0-) T'0 (T'0‘€'0-) LO'O- (1D %S56) @uaiapiq
(5'0)8°0 (S0 80 (9:0) 60 (S0) 60 (S00T (9091 (062) InOYIM
(£0)0'T (S5°0) 60 (9°0) 60 (S0)0°T (90)CT (90971 (67) UHM eay.lielq
(¢0'80°0-) LO0 (c090°0-) 800 (€'0°C00°0) 20 (¢'0°£00-) L0O (c0‘80°0-)900 (tToo‘ec0-) T0- (1D %S6) @uaiaiq
(9:080 (50)80 (S0) 60 (S0) 60 (9001 (90 L7 (85¢2) INOYIM
(50) 60 (5°0) 60 (90071 (00T (S0)TT (S0)S'T (T8) UM uled |eulwopqy
(c'0‘80°0-) 900 (¢0‘10-)€00 (¢0‘T0-)€00 (¢0°60°0-) €0°0 (c0‘C00-)T0 (€°0‘700°0) T'0 (1D %56) @uaiaiq
(9°0)80 (50080 (9°0) 60 (9:0) 610 (9001 (90971 (8€2) INOYIM
(5°0) 60 ("'0) 60 (5°0) 60 (S0)0°T (SOTT (9017 (TOT) YUM -S4l
(T'0‘C0-) ¥0'0- (S0'0°€0-) 10~ (80°0 ‘€°0-) 60°0- (T0‘c’0-) 200~ (800 ‘C'0-) 80°0- (600~ ‘¥'0-) €0~ (1D %56) @uaiaiq
(S0 60 (5060 (9:0)60 (00T (90717 (9021 (£82) ajewa4
(9°0)80 (50)80 (5'0)8°0 (5°0) 60 (9001 ¥ovT (95) @B X3S
(€'0‘C’0-) €00 (€'0‘C’0-) L00 (€'0°T°0-) 60°0 (#'0‘70°0) 20 (5°0°900) €0 (S°'0‘T0°0) €0 (1D %56) @uaiaia
(9:0)80 (9'0)80 (50180 (7"0) L0 (¥'0)8°0 90 vT (92) 59<
(5°0)8°0 (s'0) 60 (9°0) 60 (S0)0°T (9017 (90,7 (€T€) 59> a8y
(9°0)80 (50)80 (9°0) 60 (5°0) 60 (9007 (9091 (6€€) IV S|0YM
[AR LI 9€ ™M VC ™M CT ™M 7 A2d9M auljsseq (syuaned Aio0393e)
J0 ‘'oN) dnou3qng
31025 10D-IVdT IIe42A0
(s1sAjeue ooy 3sod) sisAjeue dnoi3qns 'g
(T1)8T (908 ro)vo (£0)80 (908 (682) TG P99M
ans1T (s0)8 (g0 vo (2080 (508 (00€) 9€ X2
cnet (908 (g0)¥0 (20)80 (9°0) (60€) ¥Z X23M
(oT1)0C (90) & (s0)s0 (£0)60 (506 (0z€) TT XM
omnezce (9007 (g0)s0 (80)0T (90)0T (VEE) ¥ 2199M
(S0)ee (8'0)¥'T (£0)80 (8061 (9°0)9'T (6£€) auljaseg
uoljoeysijes SUJ22U0D pue SALLIOAA 140jWOISIp |eID0SOYIASH 140jwodsIp |ealsAyd IZEL Yo} (sjuaned jo ‘oN) uonenjeny
100-0Vdr

(sisAjeue payjidadsaad) uosiiedwod 3103s-gng 'y

|el} [2ge|-uado 3}M-ZS 3y} Ul TOD-IVd( Y3 0 sisAjeue dnoidqns (g) pue uosiiedwod 2103s-gns () Jo syNsay 3719V1



NAKAJIMA ET AL.

in the total study population because the elobixibat dose could be
increased to 15 mg if the effect was not sufficient at the lower dose.

We analyzed the data of 157 patients to evaluate the incidence
of ADRs, specifically abdominal pain and diarrhea, from 2 weeks be-
fore to 2 weeks after the first dose increase to 15 mg; there was
no increase in the incidence of ADRs after increasing the dose. In
addition, the incidences of adverse events in the 5, 10, and 15 mg
groups were not dose dependent in the Japanese phase b study,
and from this post hoc analysis, elobixibat was well tolerated and
improved the JPAC-QOL score in each subgroup. In fact, most ADR
reports were of mild severity, and the majority of patients recovered
without titrating dose down and the JPAC-QOL score still improved,
implying that tolerability and safety were good.

Patients with and without IBS-C showed similar improvements
in the primary endpoint at week 1 in the 2-week trial; these two
groups also showed consistently higher frequencies of SBMs and
CSBMs during the 52-week trial. Moreover, elobixibat was well
tolerated in terms of abdominal pain and diarrhea, which were
observed with similar incidence in those with IBS-C diagnosis
compared to the rest of the cohort; similarly, there were no signifi-
cant differences between the two groups in the JPAC-QOL scores
in the 52-week trial. It has been speculated that the abdominal
pain experienced by some while taking elobixibat might be differ-
ent from that of IBS because elobixibat induces HAPCs,* which
might be associated with mass movements and short-lived pain
due to the temporary increase in colonic pressure. Other poten-
tial mechanisms for the abdominal pain may result from the in-
creased colonic BAs, since BAs reduced rectal sensory thresholds
in humans*! and increased mucosal permeability in rabbits.?? The
mechanisms whereby elobixibat results in symptom relief in IBS
should be a topic for future research.

An NNT analysis was provided to allow comparison with other
drugs, but there are important considerations when interpreting this
for chronic constipation.23’24 For example, it is ideal that relief from
chronic constipation by medication be observed as soon after ad-
ministration as possible. In our study, we appraised NNT for weekly
SBM and CSBM responder rates at week 1 for the entire patient
cohort were both 3, and the NNTs ranged from 3 to 4 in the severe to
very severe constipation groups. These data suggest that elobixibat
is effective for both normal and slow transit constipation because of
the rapid onset of efficacy.

Given that the mean 5-day BSFS score of <3 provided 68.0%
sensitivity, 69.7% specificity, and 69.4% accuracy, and that the
stool frequency of <2 bowel movements in 5 days provided 64.0%
sensitivity, 83.1% specificity, and 84.0% accuracy for predicting
delayed colonic transit time,?° it is possible that the patients in-
cluded in this subgroup analysis with severe constipation were
mostly suffering slow transit constipation. However, this cannot
be definitely concluded, since there was no formal measurement
of colonic transit at baseline. In chronic constipation, the colonic
transit time is delayed25 and the number and duration of mass
movements are significantly reduced?® compared with healthy vol-
unteers. Elobixibat is expected to correct low colonic BA levels by
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partly blocking the IBAT in the distal part of the small intestine
and by normalizing BAs and inducing dual action of colonic motility
and secretion. These effects can rectify the lower amplitudes and
frequencies of colonic contractions, including HAPCs, in patients
with slow transit constipation. Elobixibat may, therefore, benefit
all patients with chronic constipation who have reduced HAPCs
and delayed transit times.?’

One of the limitations of this post hoc analysis was the small
number of patients aged 265 years included in the two trials. Further
studies are, therefore, necessary to evaluate the safety and efficacy
of elobixibat for the treatment of chronic constipation in an elderly
patient group. In addition, part of the data is based on an open-label
study with all its limitations.

In conclusion, elobixibat was effective for patients with se-
vere constipation at a starting dose of 10 mg. Increasing the dose
to 15 mg can benefit patients who have very few (<2) SBMs per
week at baseline or on treatment with the 10 mg dose. Indeed, over
52 weeks of therapy, elobixibat was efficacious at increasing over
baseline the number of SBMs and CSBMs, was well tolerated, and
improved QOL, irrespective of the patient background (sex and con-
comitant IBS-C) or experience of side effects of abdominal pain and

diarrhea.
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