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Abstract

Background Eluxadoline, a peripherally acting, mixed p- and k-opioid receptor (OR) agonist and 5-OR antagonist, is
approved for treatment of adults with irritable bowel syndrome-diarrhea (IBS-D). About a third of IBS-D patients has bile
acid diarrhea (BAD); opioids may stimulate TGRS (bile acid) receptors.

Aim To evaluate eluxadoline’s efficacy on altered bowel functions and safety in IBS-D patients with or without BAD.
Methods In a single-center, phase 4, parallel-group, open-label study, patients with IBS-D (cohort 1) and patients with BAD
were treated with eluxadoline, 100 mg tablets BID, with food for 4 weeks. Patients recorded bowel functions by electronic
daily diary. BAD was based on fasting serum 7aC4 (> 52.5 ng/mL) or concurrent criteria of increased total or primary fecal
BAs excreted in 48 h. We assessed efficacy on treatment compared to baseline in the two cohorts. Primary outcome meas-
ures were changes from baseline in average stool consistency Bristol Stool Form Scale (BSFS) score (range 1-7) and safety.
Results Mean changes from baseline in cohorts 1 and 2 (data presented in this order) were similar for: BSFS score averaged
over 4 weeks’ treatment (— 1.25 and — 1.09); daily bowel movement frequency (— 1.48 and — 0.79); daily urgent bowel
movements (— 0.52 and — 0.80); IBS-QoL (5.9 and 13.6); serum 7aC4 (— 5.59 and — 8.78 ng/mL). There were no deaths,
serious treatment-emergent adverse events, or discontinuations due to adverse events during the study.

Conclusion Eluxadoline is similarly efficacious in the treatment of IBS-D and BAD, and it appears to be safe and efficacious
as documented in large clinical trials.
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Introduction

The pathophysiology of irritable bowel syndrome (IBS)
is not completely understood, but it is thought to be mul-
tifactorial, with genetics, abnormal gut motility, visceral
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hypersensitivity, psychosocial distress, altered gut micro-
biome, and brain-gut interaction playing important roles in
its development [1, 2]. Among patients with the diarrhea
subtype of IBS (IBS-D), it is increasingly recognized that
bile acid diarrhea (BAD) may be a potential cause of the
chronic diarrhea [3—6]. In BAD, the failure to adequately
reabsorb conjugated bile salts in the terminal ileum or
increased hepatic synthesis of bile acids which has been
associated with reduced ileal enterocyte production of the
negative feedback control hormone, fibroblast growth fac-
tor-19 (FGF-19), [7-10] lead to excess bile acids entering
the colon where they stimulate colonic secretion and motility
[11]. Symptoms of BAD include watery diarrhea, bloating,
fecal urgency, and fecal incontinence, which closely overlap
the symptoms of functional diarrhea and IBS-D [12].
Recent evidence suggests that up to a third of patients
who meet the Rome criteria for IBS-D has evidence of
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BAD, based primarily on "’selenium-homocholic acid
taurine (SeHCAT) retention testing [3, 4, 6, 13]. Indeed,
inclusion of a screen for BAD in patients with unexplained
chronic diarrhea without rectal bleeding or symptoms sug-
gestive of IBS-D could considerably reduce healthcare uti-
lization as measured by the subsequent tests performed
in the outpatient management of these patients. Thus, we
have shown that, in a cohort of 936 out-patients, there
was an average of more than 1 abdominal CT scan and 1
colonoscopy performed in the exclusion of organic disease
prior to the correct diagnosis of BAD [14, 15].

Overall, IBS-D patients with and without evidence of
BAD appear highly similar in demographic characteristics
and assessments of well-being, except that patients with
BAD tend to have a higher body mass index (BMI) [3, 16].

The potential overlap of IBS-D and BAD may have
important implications for clinical practice, especially if
an altered treatment course would be considered. Recog-
nizing this, the most recent version of the Rome diag-
nostic criteria for IBS-D issued in 2016 (Rome IV) now
recommends an assessment of bile acid status (e.g., excess
synthesis, or reduced retention of bile acids) as a poten-
tial cause of chronic, watery diarrhea [17]. For patients
with evidence of BAD, a bile acid sequestrant may be an
appropriate treatment option, at least for the diarrheal
symptoms, although poor tolerability and compliance can
be problematic for the most economical bile acid binding
agent, cholestyramine [11]. In addition, a recent study with
colesevelam showed beneficial effects on biological mark-
ers of BAD, but the study was under-powered to detect
improvements in patient response outcomes [18].

Eluxadoline is a novel, peripherally acting, mixed p-
and k-opioid receptor (OR) agonist and 8-opioid receptor
antagonist [19, 20]. By targeting multiple ORs, it induces
visceral analgesia and decreases motility through actions
on p-OR, while adverse side effects attributed to exces-
sive inhibition of gut motility related to the p-OR agonist
effects are mitigated by the actions on the x- and 5-Ors
[21, 22]. Eluxadoline was approved by the U.S. Food and
Drug Administration (FDA) for the treatment of adults
with IBS-D in February of 2015 [23]. In phase 3 trials,
2,427 patients with IBS-D were randomized to eluxadoline
(75 mg or 100 mg) or placebo, twice daily, for 26 weeks or
52 weeks. There was significant improvement in the com-
posite endpoint of abdominal pain and stool consistency
with eluxadoline compared to placebo, but no improve-
ment in abdominal pain alone [19]. Eluxadoline has dem-
onstrated efficacy and safety in placebo-controlled phase
4 studies in patients with IBS-D and inadequate symp-
tom relief with loperamide [24], and in the relief of worst
abdominal pain in patients with IBS-D based on a post hoc
analysis of 1,615 patients included in phase 3 trials [25].
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Baseline characteristics of the phase 3 IBS-D patient
population in which eluxadoline was tested for efficacy and
safety [19] demonstrated high prevalence of both obesity
and prior cholecystectomy. Given the known association of
higher BMI with BAD [16] and given that cholecystectomy
is a known risk factor for BAD, it is conceivable that some
portion of patients enrolled in those studies may have had
evidence of BAD. Since the eluxadoline phase 2B or phase
3 IBS-D studies did not evaluate patients’ bile acid absorp-
tion status [19, 20], it is unknown whether the effectiveness
of eluxadoline may be different in patients with evidence of
BAD. Indeed, it is possible that the overall effects of elux-
adoline could have been diluted by a subset of nonresponsive
patients suffering from BAD for whom a bile acid seques-
trant might have been a more appropriate treatment option.

Given the established efficacy of eluxadoline compared to
placebo in IBS-D based on prior trials (summarized above)
and, conversely, the stimulation of TGRS receptors by opi-
oids that may theoretically diminish efficacy in patients with
BAD, the overall hypothesis of this study was that the effi-
cacy of eluxadoline is greater in patients without evidence
of BAD compared to those with evidence of BAD.

The primary goal of the present study was to evaluate the
efficacy on altered bowel function and safety of eluxadoline
in IBS-D patients compared to those with evidence of BAD.
A secondary goal was to evaluate the population pharma-
cokinetics (PK) of eluxadoline in IBS-D patients with and
without evidence of BAD, determined from plasma concen-
tration data extrapolated from dried blood sample analysis.

Methods

Study Design and Duration of Treatment
and Participation in Study

This was a single-center, phase 4, parallel-group, cohort-
controlled design, open-label study in patients with IBS-D
fulfilling Rome IV criteria [17] with or without evidence of
BAD. All patients were treated for 4 weeks with eluxadoline,
100 mg oral tablets, twice daily (BID), with food, in accord-
ance with guidance from the Food and Drug Administration
[23, 26]. The study was approved by the Mayo Clinic Institu-
tional Review Board (IRB #17-009,507) and was performed
in accordance with the ethical standards as laid down in
the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. The study was registered
in ClinicalTrials.gov #NCT03441581. The study was con-
ducted exclusively at Mayo Clinic in Rochester, Minnesota,
USA. The first patient was dosed on March 13, 2018, and the
last patient completed study on April 28, 2020.

The 100 mg BID eluxadoline dose selected was consist-
ent with USA and global labeling for the drug for IBS-D.
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The duration of treatment was chosen to be consistent with
clinical practice in IBS, where a 1-month therapeutic study
of a new agent is common, and was supported by results of
the phase 3 studies which showed that a patient’s response
to eluxadoline treatment over the first month was reason-
ably predictive of responsiveness over longer durations [19].
The total duration of the study was up to 11 weeks, which
included a screening period (0-2 weeks), a pre-treatment
period (2-3 weeks), a 4-week open-label treatment period,
and a 2-week post-treatment safety follow-up period (Fig. 1).

Patient Eligibility Criteria
Inclusion Criteria

The main criteria were 24 adult men or women, aged
18-65 years inclusive, with diagnosis of IBS-D per Rome IV
criteria [17], with>25% of bowel movements with a Bristol
Stool Form Scale (BSFS) score of 6 or 7 and <25% of bowel
movements with BSFS score of 1 or 2. Twelve patients had
evidence of BAD, based on fasting serum 7a-hydroxy-4-cho-
lesten-3-one (7aC4) level, or total fecal bile acids over 48 h
at screening or within one calendar year prior to screening.
The specific BAD criteria are detailed below. In addition,
patients had an average daily BSFS score > 5.0 or>25% of
diary entry days with a BSFS score of 6 or 7 during the

Enrollment

IBS-D patients Screened (n=35)

Excluded (n=11)
¢ Did not meet

inclusion/exclusion criteria
(n=9)
¢ Declinedto participate (n=2)

Continued to treatment phase of
study (n=24):
12 with BAM, 12 without BAM

Allocation

Allocated to intervention with
eluxadoline (n=24):
12 with BAM, 12 without BAM

Treatment

Completed 4 weeks of T
intervention (n=24):

112 with BAM, 12 without BAM Jj

Follow-up

Completed 2 week post-
treatment follow-up (n=24):
12 with BAM, 12 without BAM

Analysis

Analysis (n=24):
12 with BAM, 12 without BAM

Fig.1 CONSORT flow chart
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14 days prior to day 1 of the study. Eligibility also required
compliance with contraception in women of childbearing
potential, completion of electronic diary on> 10 of the
14 days prior to day 1, and lack of use of loperamide rescue
medication on > 3 of the 14 days prior to day 1.

Exclusion Criteria

Exclusion criteria included prior cholecystectomy, known or
suspected biliary duct obstruction or sphincter of Oddi dis-
ease or dysfunction, history of alcoholism, alcohol abuse or
alcohol addiction or drinking more than three alcoholic bev-
erages per day, history of pancreatitis, structural diseases of
the pancreas, mild, moderate, or severe hepatic impairment,
inflammatory or immune-mediated gastrointestinal disor-
der, celiac disease or a positive serological test for celiac
disease, known lactose or fructose intolerance associated
with diarrhea, abdominal pain or discomfort that could con-
found assessments in the study, women who were currently
pregnant or nursing or planned to become pregnant or nurse
during the study, and known allergies or hypersensitivity
to opioids.

Characterization of IBS-D Patients with Reference
to Parameters of BAD

The criteria for BAD evolved with studies and related publi-
cations that were conducted during the course of this study;
specifically, evidence that primary fecal bile acids [chenode-
oxycholic acid (CDCA) and cholic acid (CA)] were signifi-
cantly higher in patients with BAD and correlated with stool
frequency and consistency [27, 28], and that primary bile
acids > 10% identified patients with increased fecal weight
(sensitivity 49% and specificity 91%) and rapid colonic tran-
sit (sensitivity 48% and specificity 87%) [29, 30].

Initial criteria for patients with evidence of BAD
were: fasting serum 7aC4 level measured by HPLC-MS
[31]1>52.5 ng/mL or total fecal bile acids > 2337 micro-
moles/48 h (positive result) at screening or within one cal-
endar year prior to screening. Elevated serum 7aC4 levels
are significantly correlated with >’SeHCAT retention [32].

Patients without BAD were required to have a fast-
ing serum 70C4 level <47.1 ng/mL or total fecal bile
acids <2200 micromoles/48 h (negative result).

Final criteria for BAD were: fasting serum
7aC4>52.5 ng/mL or total fecal bile acids > 2337 micro-
mol/48 h, or primary bile acids (fecal CDCA and CA)>10%
in a 48-h fecal collection; or combination of primary bile
acids (fecal CDCA and CA) > 4% with total fecal bile
acids > 1,000 micromoles/48 h.

Patients without BAD were required to have at least one
of the following at screening or within one calendar year
prior to screening: fasting serum 7aC4 level <47.1 ng/mL;
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for those patients with fasting serum 7aC4 levels >47.1 ng/
mL but < 52.5 ng/mL, the fecal bile acid test had to be nega-
tive for BAD, that is, total fecal bile acids <2337 micro-
moles/48 h; primary bile acids (fecal CDCA and CA) < 10%
in a 48-h fecal collection; and combination primary bile
acids (fecal CDCA and CA)<4% with total fecal bile
acids < 1000 micromoles/48 h.

Prohibited Medications

Patients were required to avoid intake of bile acid seques-
trants and 5-HT; antagonists (e.g., alosetron or ondansetron)
from 21 days prior to day 1 of study treatment, opioids or
gastrointestinal preparations [including antacids containing
aluminum or magnesium, docusate or antidiarrheal agents
(except loperamide rescue as medication, see below)], anti-
nausea agents, antispasmodic agents, bismuth, or proki-
netic agents from 14 days, and rifaximin or other antibiotics
(except for topical antibiotics) from 28 days prior to day 1
of study treatment.

Permitted and Rescue Medications

Antidepressants taken at stable doses for the 3 months
prior to screening were permitted (at the same dose) dur-
ing the study. Medications taken for the treatment of aller-
gies, chronic medical conditions (e.g., hypothyroidism), and
migraine headaches (excluding opioids) were permitted dur-
ing this study. As-needed use of benzodiazepines for anxiety
was permitted during the study.

Loperamide was permitted as rescue medication for acute
treatment of diarrhea during the pre-treatment and open-
label treatment periods and was recorded by patients in the
eDiary. Loperamide, 2 mg, was permitted once, approxi-
mately every 6 h, with the following guidelines: total dose
no more than 8 mg/day or 14 mg over 2 days, and no more
than 11 unit doses (total 22 mg) over a continuous 7-day
time period.

Study Visits

Table 1 provides a summary of the study visits. On day 1
(visit 3), eligible patients underwent baseline assessments,
collection of fasting serum sample for serum 7aC4 determi-
nation, vital signs, weight, physical exam, urine pregnancy
test for women of childbearing potential, completion of IBS-
Quality of Life (QOL) Questionnaire, dried blood sample for
pharmacokinetic (PK) analysis, and ingestion of eluxadoline,
100 mg BID (morning and evening), with food.

At week 2 (+2 days, visit 4), patients returned to the
study site for assessment of adverse events (AEs) and
concomitant medications, and collection of dried blood
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Table 1 Summary of the study

visits Period Screening ~ Pre-Rx Open-label Rx Post-Rx
Duration 0-2 weeks  2-3 weeks 4 weeks 2 weeks
Objective Screening  Pre-Rx Baseline Week 2 End of Rx Follow-up (safety)
Study visit 1 2 3 4 5 6
Study day 1 15 (+2) 29 (+£2) 14 (£27) after visit 5

Rx =treatment

samples for PK analysis pre-dose, and during the intervals
1to2h,3to4h,and>5 to 8 h post-dose.

Patients returned to the study site at week 4 (2 days)
after the completion of the.

treatment period and underwent the end-of-treatment
assessments including vital signs, weight, physical exam-
ination, clinical laboratory tests (including chemistry,
hematology), fasting serum 7aC4 level, review of AEs
and concomitant medications, and urine pregnancy test for
women of childbearing potential. Any unused study medi-
cation was counted and returned to the research pharmacy,
and IBS-QOL questionnaire was completed. A mandatory
post-treatment visit was performed 14 days after the last
dose of study drug [week 6 (+7 days)] for patients who
completed the open-label treatment period.

Efficacy Assessments

The efficacy of eluxadoline was based on eDiary meas-
ures related to improvements in IBS-D symptoms. Patients
were required to access the eDiary each evening, prefer-
ably at the same time each day, to record daily IBS symp-
toms. At the start of the pre-treatment period, patients
received full training on the use and completion of the
daily eDiary.

Daily IBS Symptoms

Patients recorded the following symptoms in the daily eDi-
ary during the pre-treatment period and throughout the
4 weeks of the open-label treatment period: stool consist-
ency based on BSFS [33]; worst abdominal pain in the
past 24 h on a 0 to 10 scale, where O corresponded to no
pain and 10 corresponded to worst imaginable pain; and
abdominal bloating in the past 24 h on a 0 to 10 scale,
where 0 corresponded to no bloating and 10 corresponded
to worst imaginable bloating. Patients were also asked to
record the number of bowel movements, number of urgent
bowel movements, and number of episodes of fecal incon-
tinence over the past 24 h.

IBS-QOL Questionnaire

The impact of IBS on patients’ quality of life was assessed
using the IBS-QOL Questionnaire [34, 35] which was com-
pleted at baseline (day 1) prior to administration of the study
drug, and at week 4.

Serum 7aC4 Level

Fasting serum 7aC4 levels were measured (at least 8 h fast-
ing) during screening, at baseline, and at week 4 (or end of
treatment visit) to determine whether any changes occurred
following treatment with eluxadoline. Fasting serum 7aC4
level obtained within one calendar year prior to screening
could be used to determine BAD status.

Safety Assessments

Safety assessments were based on physical examination,
vital signs, and clinical laboratory tests, specifically hema-
tology group, clinical chemistry, and serum or urine preg-
nancy tests, as well as reported adverse effects. Particular
attention was placed on evaluation of potential liver injury
using Hy’s law [36].

Adverse Events

All AEs or serious AEs (SAEs) from the start of treatment
until the follow-up visit were collected at the in-person visits
to the study site, and as observed or reported spontaneously
by study patients.

Pharmacokinetics

Dried blood samples for PK analysis were collected using a
blood microsample collection device (Mitra™ cartridge in a
mylar foil bag) at baseline (day 1, visit 3) prior to dispensing
study drug, and during visit 4 at the following intervals post-
dose: 1 to2 h, 3to 4 h, and 5 to 8 h. Samples were collected
on the same day or on different days. For the post-dose sam-
ples, the date and time of study drug dose prior to each PK
sample and the sampling times were recorded.
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Data and Statistical Analysis

Primary outcome measures To evaluate the efficacy, safety,
and tolerability over 4 weeks of treatment with eluxado-
line, 100 mg BID, in IBS-D patients with evidence of BAD
compared to IBS-D patients without evidence of BAD, the
primary outcome measures were: change from baseline in
average BSFS score on a range from 1 (separate hard lumps
like nuts) to 7 (watery); and safety determined by adverse
events, clinical laboratory tests, vital signs, and physical
examinations.

Secondary outcome measures for the same group compar-
isons were changes from baseline over 4 weeks of treatment
of the following: number of bowel movements, average daily
worst abdominal pain score, abdominal bloating, number of
daily urgent bowel movements, and episodes of fecal incon-
tinence. In addition, changes from baseline in serum 7aC4
levels and IBS-QOL score at the end of the treatment period
were compared in the two groups.

Pharmacokinetic (PK) outcomes: We evaluated the PK of
eluxadoline as determined from plasma concentration data
extrapolated from dried blood sample analysis. Plasma PK
parameters in IBS-D patients with and without evidence of
BAD were estimated using a population PK approach. An
existing population PK model, previously constructed from
2,538 plasma PK observations obtained from 443 subjects in
three clinical studies, was utilized to estimate individual post
hoc structural model parameters (e.g., apparent clearance,
apparent central volume of distribution, absorption rate, etc.)
for the patients in the current study. Individual-level model
parameters were then used to simulate the time-course of
a 100 mg BID regimen at steady-state for each patient.
Derived PK parameters [e.g., maximum plasma concentra-
tion (Cmax), minimum plasma concentration (Cmin), area
under the plasma concentration—time curve during the dos-
ing interval (AUCtau), and time to Cmax (tmax)] were then
calculated from those individual-level simulations. Since all
PK samples in the BAD study were obtained as dried blood
samples and the PK sampling data utilized in the existing
population PK model were from plasma samples, a conver-
sion factor of 0.6753 was utilized, based on the correlation
established in a prior phase 1 study.

Sample Size Considerations

While not powered for statistical significance, the study sam-
ple was considered sufficient to characterize the effects of
eluxadoline on the altered bowel function of IBS-D patients
with BAD and to qualitatively evaluate whether these
patients responded differently to eluxadoline treatment. The
sample size for this study was 24 patients (12 with BAD and
12 without BAD). No formal sample size estimation was
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calculated for this study, as it was not powered for inferential
statistical analysis.

Statistical Analysis

All efficacy endpoints were summarized by the patient
cohort [BAD (cohort 1) or non-BAD (cohort 2)] using
descriptive statistics with standard deviation (SD), inter-
quartile range or full range specified.

Changes in Conduct of the Study

The original protocol (dated October 19, 2017) was amended
two times during the conduct of the study (Amendment 1,
dated June 5, 2018, and Amendment 2, dated April 17,
2019). A summary of the major reasons for the protocol
amendments and enrollment of patients by amendment is
summarized in Supplemental Table A.

Results
Patient Demographics and Study Compliance

A total of 35 patients were screened; 24 patients with IBS-D
were enrolled in the study and received investigational prod-
uct [12 patients in cohort 1 (with evidence of BAD) and
12 in cohort 2 (without evidence of BAD)]. All 24 (100%)
patients completed the study as planned, and no patient pre-
maturely discontinued from the study. A high proportion
of patients in both cohorts received investigational product
per plan during the 4-week, open-label treatment period
[>90% compliance in both treatment cohorts, mean (SD)
95.86 (4.964) in cohort 1 and 92.07 (5.513) in cohort 2].

The mean age was 40.9 years (range 21-69 years) across
both cohorts. The mean age by cohort was as follows: cohort
1 (n=12), 41.6 years (range 32—50 years); and cohort 2
(n=12), 40.2 years (range 21-69 years). Eight patients were
female and 16 were male. Twenty-three patients were white,
and 1 patient was black or African American.

Overall patients’ weight (SD) was 95.21 (21.830) kg
(range 60.1-149.0 kg) and height (SD) was 171.20 (8.308)
cm (range 158.5-185.7 cm), with an overall BMI (SD) of
32.54 (7.302) kg/m? (range 20.8—47.4 kg/m?). There were
no numerical differences in the demographic characteristics
in the two cohorts, other than the numerically higher BMI in
cohort 1 with BAD (Table 2).

Effects on Bowel Function

Numerical improvements in BSFS total score (primary
efficacy parameter) averaged over 4 weeks of treatment
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Table 2 Effects of 4 weeks’ treatment on bowel functions, abdominal pain, bloating, and IBS-QoL. Note there are no numerical differences in

changes from baseline for all bowel function parameters

Data: median (IQR), or number (%)

Eluxadoline 100 mg BID

Parameter

Number in each cohort

Age, y

Gender (M =male, F=female)

Race (W =white, B=Black or African American)

BMI, kg/m?

# With history of anxiety/depression/panic disorder at baseline
Bowel Function

BSES baseline

BSFS average over Rx period

A BSFS on Rx-baseline

Daily BM frequency at baseline

A Daily BM frequency average on Rx minus baseline

Daily urgent BM frequency at baseline

A Daily urgent BM frequency average on Rx minus baseline
# with experience of fecal incontinence during baseline

# with experience of fecal incontinence on Rx

Scores of Worst Abdominal Symptoms

Worst daily abdominal pain average score at baseline

A Worst daily abdominal pain average score on Rx-baseline
Worst daily abdominal bloating average score at baseline

A Worst daily bloating average score on Rx-baseline
Quality of Life

IBS-QoL total score baseline

A IBS-QoL total score on Rx-baseline

Cohort 1 with BAD
12

39.5 (37.0, 47.5)
5M,7F

2w

36.34 (31.81, 40.75)
5

5.96 (5.54, 6.11)

4.44 (3.83, 5.46)

- 1.08 (= 1.70, — 0.57)
3.23(1.93,5.29)
—0.84 (=221, — 0.41)
1.43 (0.63, 2.65)
—0.31(=0.79, — 0.18)
3 (25%)

4 (33%)

1.17 (0.61, 2.54)
0.00 (~ 0.68, 0.46)
1.00 (0.46, 4.83)
—0.40 (- 1.57, 0.48)

78.3 (65.8, 87.1)
5.9 (2.6, 10.3)

Cohort 2 without BAD
12

37.5 (33.0, 46.0)

3 M, 9F

11 W/1B

28.85 (24.06, 31.16)

6

5.96 (5.54, 6.11)

430 (3.73, 4.73)
—1.09 (- 1.86, — 0.72)
2.81(1.99, 3.25)
—0.80 (= 0.99, — 0.44)
0.96 (0.85, 1.42)
—0.69 (- 0.99, — 0.53)
3 (25%)

4 (33%)

1.08 (0.82, 2.62)
—1.22 (= 1.65, — 0.44)
3.30 (2.35, 6.12)
— 1.04 (- 2.31, - 0.35)

74.3 (61.0, 77.9)
13.6 (5.1, 17.6)

Rx =treatment; BM=bowel movement; BSFS=Bristol Stool Form Scale score; IBS =irritable bowel syndrome; QoL =quality of life;

BAD =bile acid diarrhea; IQR =interquartile range

with eluxadoline, 100 mg, were seen in both cohorts
(patients with and without BAD) (Table 2).

The primary efficacy parameter (BSFS score) was
the change from baseline in BSFS score averaged over
4 weeks of treatment and was similar in both cohorts:
— 1.25 in cohort 1 (with evidence of BAD) and — 1.09 in
cohort 2 (without evidence of BAD).

The secondary efficacy parameters were not numeri-
cally different at baseline or in response to treatment in
the two cohorts (Table 2). Thus, change from baseline in
daily bowel movement frequency averaged over 4 weeks
of treatment was — 1.48 in cohort 1 (with evidence of
BAD) and — 0.79 in cohort 2 (without evidence of BAD).
Similarly, the change from baseline in daily urgent bowel
movements averaged over 4 weeks of treatment was — 0.52
in cohort 1 (with evidence of BAD) and — 0.80 in cohort 2
(without evidence of BAD). Fecal incontinence during the
treatment period was experienced by 4 (33.3%) patients in
both cohorts (Table 2).

Effects on Abdominal Pain and Bloating

The change from baseline in daily worst abdominal pain
score averaged over 4 weeks of treatment was — 0.12 in
cohort 1 (with evidence of BAD) and — 1.28 in cohort 2
(without evidence of BAD).

The change from baseline in daily worst bloating aver-
aged over 4 weeks of treatment was — 0.47 in cohort 1 (with
evidence of BAD) and — 1.46 in cohort 2 (without evidence
of BAD). For both daily worst abdominal pain and worst
abdominal bloating, there appeared to be a numerically
greater effect in patients without evidence of BAD compared
to IBS-D with BAD.

Effect on Quality of Life (IBS-QOL Total Score)

IBS-QOL total scores at the end of the treatment period
were 83.9 in patients with evidence of BAD and 84.7 in
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patients without evidence of BAD; the change from base-
line was 8.8 and 13.2, respectively.

Use of Rescue Loperamide

Among the patients with IBS-D, 3 patients used 2 mg of
loperamide for 1 or 2 days in the pre-treatment phase, and
2 of these 3 patients took 1 dose of loperamide 2 mg for
1 day in week 2 or 3 of eluxadoline treatment.

Among patients with BAD, 1 patient took 2 mg lopera-
mide daily for 3 days in the pre-treatment phase, 1 patient
took loperamide 2 mg for 1 day in week 1 of treatment,
and 1 patient took 2 mg loperamide each day for 6 days
in week one.

No patient exceeded the recommended limit of lop-
eramide use.

Serum 7aC4 Levels

Mean serum 7aC4 levels at the end of the treatment period
were 36.71 ng/mL in patients with evidence of BAD and
21.81 ng/mL in patients without evidence of BAD; the
change from baseline was — 5.59 ng/mL and — 8.78 ng/mL,
respectively (Table 3).

Safety: Adverse Events, Vital Signs, and Laboratory
Tests

There were no deaths, serious treatment-emergent adverse
events (serious TEAEs), or discontinuations due to AEs
reported during the study (Table 4).

Non-serious TEAEs were reported by 11 (91.7%) patients
with evidence of BAD (cohort 1) and by 7 (58.3%) patients
without evidence of BAD (cohort 2). The higher incidence
of non-serious TEAEs that was reported by patients in
cohort 1 was largely driven by an increase in the incidence

Table 3 Effects on serum 7aC4 levels in the 2 cohorts treated with eluxadoline, 100 mg b.i.d

Data: median (IQR)

Eluxadoline 100 mg BID

Parameter

Cohort 1 with evidence of BAD

Cohort 2 without evidence of BAD

N 12
Serum 7aC4 baseline

Serum 7aC4 at end of Rx

A Serum 70C4 at end of Rx-baseline

39.95 (23.25, 58.60)
29.30 (16.50, 64.20)
— 1.40 (- 22.50, 12.70)

12

30.30 (20.2, 36.50)
20.05 (13.20, 26.40)
—8.20 (- 18.10, — 0.80)

Rx =treatment; BAD =bile acid diarrhea; IQR =interquartile range

Table 4 Number (%) of patients

' Data: Number (%)
with treatment-emergent

Eluxadoline 100 mg BID

adverse events, system organ Parameter Cohort 1 with evidence of BAD Cohort 2 without
class, and preferred term (in evidence of BAD
safety population)

N 12 12

TEAEs 11 (91.7) 7 (58.3)

TEAEs: serious 0 0

TEAESs: Rx discontinuation 0 0

Gastrointestinal disorders 9 (75.0) 7 (58.3)

Abdominal pain 6 (50) 1(8.3)

Flatulence 2 (16.7) 4(33.3)

Abdominal distention 2 (16.7) 3(25.0)

Nausea 4(33.3) 1(8.3)

Constipation 1(8.3) 2(16.7)

Abdominal discomfort, diarrhea, dry 2 (16.7) for each adverse event 0

mouth, dyspepsia

Neurological disorders 4(33.3) 1(8.3)

Dizziness 2(16.7) 0

Headaches 2 (16.7) 0

Table includes treatment-emergent adverse events recorded in at least two patients in the study

BAD =bile acid diarrhea; TEAE = treatment-emergent adverse events
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of TEAE:s in the gastrointestinal System and Organization
Controls (SOC) in cohort 1, compared to cohort 2. The
higher incidence of TEAEs in cohort 1 was contributed to
by TEAEs that were reported in other SOCs at low rates
(L2 patients) and which were absent in cohort 2, making
interpretation difficult.

Overall, shifts from a normal laboratory value at baseline
to an abnormal value at the end of the treatment period were
infrequent and occurred at a similar rate in both cohorts. A
post-baseline procedure coding system of abnormal labora-
tory values was reported for 1 patient [in cohort 1; glucose
percent (%) > 1.4 X ULN]. No patients met potential Hy’s
law criteria for significant drug-induced liver injury.

Mean changes from baseline to the end of the treatment
period in vital sign parameters were small and similar in
both cohorts. A potentially clinically significant vital sign
value was reported for 1 patient (in cohort 2; diastolic blood
pressure <50 and decrease of > 15 mmHg).

The safety findings were consistent with the known safety
profile of eluxadoline and support the conclusion that elux-
adoline is safe and well tolerated in patients with a diagnosis
of IBS-D who have evidence of BAD.

Pharmacokinetics

Overall, the derived PK parameters (Cmax, Cmin, AUCtau,
and Tmax) showed relatively high inter-individual variation
(% CV >80%), but they were comparable between patients
with and without evidence of BAD (Table 5). Variations
in weight, sex, and gender among the 24 patients were
investigated for potential relationships with the individual
estimates of structural PK model parameters; like the prior
population PK analysis, no statistically significant relation-
ships were found.

Estimated Sample Required to Document Difference
in Eluxadoline Efficacy in the Two Cohorts

Based on the observed data in the current study, in order to
demonstrate statistical significance in the two cohorts for on-
treatment difference in the (pre-specified primary endpoint)

average stool consistency (BSFS) of 0.14, the sample size
required would be 290 per group.

Discussion

In this open-label study of eluxadoline in patients with IBS-
D, 12 patients in cohort 1 (with evidence of BAD) and 12
patients in cohort 2 (without evidence of BAD) completed
the study as planned, and no patients prematurely discon-
tinued the study. There were no numerical differences in the
demographic characteristics in the two cohorts, other than
the numerically higher BMI in cohort 1 with evidence of
BAD; this is consistent with prior reports in patients with
IBS-D with BAD at our medical center [16]. After 4 weeks
of treatment with eluxadoline, 100 mg BID, numerical
improvements were seen for both the primary (BSFS total
score) and secondary efficacy endpoints in IBS-D patients
with and without evidence of BAD. The safety findings were
consistent with the known safety profile of eluxadoline and
support the conclusion that eluxadoline is safe and well
tolerated in patients with a diagnosis of IBS-D who have
evidence of BAD. In addition, the pharmacokinetic profiles
were not significantly different in the two subgroups.

Although there is no evidence that opioid mechanisms mod-
ify the synthesis, secretion or absorption of bile acids, opioids do
bind to the TGRS receptor (bile acid receptor) to reduce pruritus
[37], and bile acids activate TGRS on sensory nerves, stimulat-
ing the release of neuropeptides in the spinal cord that transmits
itch and analgesia. It is conceivable that opioid-activation of the
TGRS receptors that modify colonic motility and stool water
[38] could increase colonic motility or secretion, and opioid
agents might conceivably aggravate diarrhea associated with a
separate mechanism, that is, BAD. In fact, prior studies docu-
mented the association of genetic variation in the TGRS gene
and faster colonic transit [39].

Nevertheless, our study suggests that the antidiarrheal effects
of eluxadoline are documented relative to baseline in patients
with IBS-D who have evidence of BAD. This information is rel-
evant, as it suggests that screening for BAD would be unneces-
sary prior to considering treatment with eluxadoline in patients

Table 5 Eluxadoline plasma pharmacokinetics (PK) summary statistics by BAD status

Cohort # Of patients (M/F) ~ Mean plasma PK parameters (% CV) of eluxadoline, 100 mg bid regimen, simulated
steady-state
Cphax (ng/mL) max” (B1) AUC,, (hr*ng/mL)  C,_;, (ng/mL)  CL/F (L/h)
With evidence of BAD 12 (5M, 7F) 1.40 (96) 1.50(1.00,2.50)  9.22(92) 0.39 (114) 20,236 (66)
Without evidence of BAD 12 (3 M, 9F) 0.91 (88) 2.00 (1.00,3.00)  7.75(109) 0.42 (139) 21,901 (54)

F=female; M =male

* . . e .
For T the median (minimum, maximum) values are presented

max>

CL/F =apparent clearance; AUCtau (area under the curve from 0 to 24 h)
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with IBS-D. This consideration is relevant since it has been
estimated that 25-33% of patients with IBS-D have evidence
of BAD.

The conduct of the study was somewhat complicated by
the prospective validation of eligibility criteria for the diag-
nosis of BAD. Thus, two patients who were included in the
non-BAD cohort actually had some evidence of BAD: one
was based on total fecal bile acids (1022 umol/48 h, with
15.7% primary bile acids), and a second patient was based
on increased proportion of primary bile acids (54.7%, with
normal total bile acids of 511 pmol/48 h) in 48-h stool col-
lections. However, given that they did not fulfill the criteria
at the time of recruitment, we have retained them in the non-
BAD cohort, consistent with an intention-to-treat analysis.

There are limitations to our study including the open-label
nature of the study and the absence of a control treatment group
in estimating the efficacy of eluxadoline. Even though the
overall efficacy of eluxadoline in IBS-D had been previously
documented in large phase 2B and phase 3 studies, the objective
of this study was to obtain an assessment of the changes from
baseline in the two cohorts of IBS-D (with or without BAD).
However, it is worth noting that, for the primary bowel func-
tion endpoint of stool consistency, as well as for the secondary
endpoints, the numerical values of the changes from baseline
clearly overlap for both cohorts, as shown in the detailed data
provided in Table 2. The inability to identify differences may
be due to the relatively small number of patients within each
cohort. The mechanism for improved benefit in bowel symptoms
does not appear to be related to bile acid synthesis, since serum
7TaC4 levels at the end of the treatment period were, on average,
36.71 ng/mL in patients with evidence of BAD and 21.81 ng/
mL in patients without evidence of BAD. Similarly, the median
changes from baseline were — 5.59 ng/mL and — 8.78 ng/mL,
respectively, and were no different in the two cohorts. The only
possible numerical difference in the two cohorts is the appar-
ently greater change from baseline in worst abdominal pain and
worst bloating in the cohort without BAD. The post hoc power
calculation based on the observed effects in the two cohorts
suggests that a sample size of 290 patients per group would be
required to establish a significant difference in stool consistency,
the primary study endpoint. Alternative hypotheses to explain
the lack of difference in the effects of eluxadoline between those
patients with IBS and BAD and those without BAD include
either a limited role of BAD in the pathophysiology of IBS, or
the possibility that diagnostic testing for BAD available in the
United States is suboptimal, as the “gold standard” "SeHCAT
retention is not available. However, we believe that the latter
consideration is unlikely since the methods used for inclusion
in the study, fasting serum 70C4 level or total fecal bile acids
over 48 h, have been thoroughly examined in prior studies [15,
16, 28-30] and are associated with important clinical indicators
such as increased stool weight and fat, faster colonic transit, and
impact on health care utilization.

@ Springer

In conclusion, eluxadoline is efficacious in the treatment
of IBS-D with or without BAD, and it appears to be safe and
efficacious as documented in large clinical trials. While opi-
oids may stimulate TGRS (bile acid) receptors, the current data
document the similarity in clinical efficacy in two cohorts of
patients with symptoms consistent with IBS-D with or without
evidence of BAD. The information from this study suggests
that testing for BAD is not indicated prior to considering elux-
adoline for treatment of IBS-D, since the outcome of treatment
is similar in IBS-D patients with or without BAD, though stud-
ies in larger numbers of patients would be required to confirm
the current findings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10620-022-07379-x.
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