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Abstract: Irritable bowel syndrome (IBS) is the most common gastrointestinal (Gl) disorder
worldwide, however treatment options for diarrhea-predominant IBS (IBS-D) remain limited.
Eluxadoline, a p- and k-opioid receptor agonist and 5-opioid receptor antagonist, was recently
approved for the treatment of IBS-D. A novel compound first described in 2008, eluxadoline
was shown to normalize Gl transit, with a subsequent phase | demonstrating its safety and
tolerability in healthy adults. In 2016, two randomized, double-blind, placebo-controlled
phase Ill trials studying eluxadoline use at 75 mg and 100 mg twice daily over 26 weeks
demonstrated a significant improvement in stool consistency and many global symptoms of
IBS. However, the data did not demonstrate a significant advantage over placebo using the
United States Food and Drug Administration (US FDA] and European Medicines Agency (EMA)
endpoints for abdominal pain. Safety and tolerability data, pooled from both phase Il and IlI
studies, suggest that eluxadoline is generally well tolerated with the most common adverse
events (AEs] occurring in approximately 3-8% of patients and included nausea, constipation,
and abdominal pain. The most common serious adverse event (SAE] is pancreatitis, which
had a 0.4% incidence. Recent US FDA reports reporting severe pancreatitis and sphincter

of Oddi dysfunction after short-term use of eluxadoline in patients without a gallbladder

has added a history of cholecystectomy as an important contraindication. Eluxadoline

is also contraindicated in patients with a history of biliary duct obstruction, sphincter of

Oddi dysfunction, active alcohol abuse, history of pancreatitis or known pancreatic duct
obstruction, severe hepatic impairment, severe or chronic constipation, or known mechanical
gastrointestinal obstruction. As a new drug to enter the IBS-D market, the place of eluxadoline
in the hierarchy of IBS treatments is still to be determined. In this article, we review the
development and clinical trial data behind the approval of eluxadoline with a focus on safety

data and its use in clinical practice.
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Introduction

Irritable bowel syndrome (IBS), the most com-
mon gastrointestinal (GI) disorder worldwide, is
a lifelong condition that leads to reduced quality
of life and a high burden of healthcare utilization.
Eluxadoline is an oral agent with mixed opioid
effects that was approved for the treatment of IBS
with diarrhea (IBS-D) in May 2015 by the United
States Food and Drug Administration (US FDA)

and in July 2016 by European Medicines Agency
(EMA). It has undergone phase III trials demon-
strating benefit over placebo, has a favorable AE
profile, and is a promising addition to existing
therapies. This review discusses the development
of eluxadoline, safety and tolerability data, and its
current place in clinical use. Eluxadoline appears
to be a promising addition to the limited pharma-
ceutical options approved to treat IBS-D.

Ther Adv Chronic Dis
2017, Vol. 8(11) 153-160

DOI: 10.1177/
2040622317714389

© The Authorl(s), 2017.
Reprints and permissions:
http://www.sagepub.co.uk/
journalsPermissions.nav

Correspondence to:

Kyle Staller

Division of
Gastroenterology, Center
for Neurointestinal Health,
Massachusetts General
Hospital, 55 Fruit Street,
Boston, MA 02114, USA
kstaller@mgh.harvard.
edu

Kenneth Barshop
Department of Internal
Medicine, Brigham and
Women’s Hospital, Boston,
MA, USA

journals.sagepub.com/home/taj

153


https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/taj
mailto:kstaller@mgh.harvard.edu
mailto:kstaller@mgh.harvard.edu

Therapeutic Advances in Chronic Disease 8(11)

Background

Irritable bowel syndrome

IBS encompasses many pathophysiological pro-
cesses, including disordered GI motility, visceral
hypersensitivity, and psychosocial distress.
Mechanistically, IBS may be mediated by altera-
tions in multiple domains with psychological,
genetic, dietary, brain—gut axis, and altered intes-
tinal flora all playing a role.! IBS is characterized
by abdominal pain associated with altered bowel
habits and can be broadly categorized into three
subtypes: IBS with diarrhea (IBS-D), IBS with
constipation (IBS-C), and IBS with a mixed
bowel pattern (IBS-M).2 This spectrum of pres-
entation often complicates treatment options as
patients are thought to move between subtypes
over time regardless of therapy status.
Additionally, changes in stool form often occur
as a result of therapy, which largely are nonspe-
cific to IBS but instead designed to treat general
constipation or diarrhea.?

Existing therapies

Despite the prevalence of IBS, however, only a
few agents have been approved for IBS treat-
ment, with the mainstay of treatment involving
pharmacologic agents in conjunction with life-
style and dietary modifications. While there are a
variety of over-the-counter antidiarrheal thera-
pies, loperamide is the only such agent assessed
by randomized studies in patients with IBS-D.
The studies, though small and generally only
evaluated short-term efficacy, demonstrated that
while loperamide reduces stool frequency and
improves stool consistency, these effects are
equivalent to placebo with long-term treatment
and do not address global symptoms such as
abdominal pain.*% Alosetron is a 5-hydroxy-
tryptamine-3 receptor (5HT-3) antagonist
approved for the treatment of IBS-D in female
patients, which was shown to improve global IBS
symptoms and abdominal pain in women with
major studies underpowered to demonstrate
benefit in men. However, its use has been limited
due to associations with ischemic colitis and
severe constipation, and it remains an agent used
primarily for refractory symptoms.”8 Bile acid
sequestrants such as cholestyramine are used
empirically for a proportion of IBS-D patients
who may have a component of bile acid mal-
digestion driving their symptoms, but these

agents are generally poorly tolerated and limited
data exist specific to IBS-D.!

There are relatively few agents that tackle the
multidimensional symptom of IBS-D symptoms
beyond diarrhea. Many patients are equally or
more bothered by abdominal pain and discom-
fort, bloating, or gas that associate with their diar-
rhea. There are some data to support the use of
tricyclic antidepressants (TCAs) and selective
serotonin reuptake inhibitors (SSRIs) in reducing
global symptom severity in patients with IBS,
with the latter particularly useful when consider-
ing patients with concomitant affective disorders
(anxiety, depression) contributing to their symp-
tom severity; however data specific to IBS-D are
limited.® The anticholinergic side effect profile of
TCAs make them a particularly attractive option
in the treatment of IBS-D, however relative effi-
cacy compared with agents other than placebo
has not been studied. More recently, the antibi-
otic rifaximin has gained approval for IBS-D and
demonstrated efficacy with repeat treatment (up
to three 2-week courses) with significant improve-
ments in daily ratings of IBS symptoms, bloating,
abdominal pain, and stool consistency.!?

Mechanism of action

Eluxadoline was approved for the treatment of
IBS-D in May 2015 by the US FDA and in July
2016, by EMA.!! Eluxadoline influences bidirec-
tional brain—gut signaling through the endoge-
nous opioid system. Enteric opioid receptors p,
Kk, and & are involved in the regulation of gut
motility, secretion, and sensation. The p-opioid
activation has an inhibitory effect on motility and
secretion!? and is the primary mechanism through
which loperamide exerts its effects. Expression of
the x-opioid receptor is increased in states of
chronic visceral hypersensitivity, thought to play
an important role in the abdominal pain compo-
nent of IBS.13 Antagonism of the & receptor
counteracts the constipating effects of p-opioid
activation resulting from increased sphincter
tone and inhibition of colonic peristalsis while
enhancing the p- and k-opioid receptor-mediated
effects on visceral sensation.'# Eluxadoline, a p-
and k- opioid receptor agonist and &- opioid
receptor antagonist, was developed with the
intention of utilizing this mixed opioid profile to
treat both the diarrhea and abdominal pain asso-
ciated with IBS-D.
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Development

Early data

A novel compound, eluxadoline was first
described in a 2008 study in which it was shown
to normalize gastrointestinal (GI) transit over a
wide dose-range in mice.!5 This was in contrast to
loperamide, which, when tested in the same
murine models, led to the complete inhibition of
intestinal contractility and secretion as opposed
to slowing GI transit to a physiologic baseline. A
subsequent phase I study demonstrated the safety
and tolerability of eluxadoline in healthy adults.

Phase Il studies

The first phase II study was a 12-week, placebo-
controlled trial, conducted from May 2010 until
April 2011. A total of 807 patients with IBS-D
were assigned to a twice-daily dosing of oral pla-
cebo and variable dosing of eluxadoline.l’¢ In
accordance with 2012 US FDA guidelines for
IBS clinical trials, the primary endpoints of the
study were clinical response after 4 weeks of treat-
ment as assessed by the validated Worst
Abdominal Pain (WAP) and Bristol Stool Scale
(BSS) questionnaires to assess changes in abdom-
inal pain and stool consistency, respectively. Of
note, an improvement in either score, not both,
was sufficient to define clinical response.
Secondary endpoints were response at week 12,
changes in bowel movement frequency, urgency,
incontinence, and other validated measures of
IBS symptom severity with quality of life assess-
ments. The study showed that at 4 weeks of treat-
ment, significantly more patients in the 25 mg
(12.0%; p = .041) and 200 mg eluxadoline
(13.8%; p = .015) treatment arms showed clini-
cal response compared with placebo (5.7%).16
Response was limited to improvements in BSS as
the WAP scores were not significantly different
from placebo for any eluxadoline treatment
group. While no treatment arm showed signifi-
cant clinical response by week 12, there were sta-
tistically significant clinical responses to
eluxadoline in post-hoc analysis of the US FDA
end point in which patients must have met both
WAP and stool consistency response criteria on a
given day. Patients in the 100 and 200 mg treat-
ment arms were both significantly more likely to
reach response than those receiving placebo (28%
for 100 mg, 28.5% for 200 mg, 13.8% for pla-
cebo; p < 0.005) as well as show greater improve-
ment in global symptoms and quality of life
measures (p < 0.05).

Phase Il studies

The two randomized, double-blind, placebo-con-
trolled, parallel-group phase III trials were con-
ducted between May 2012 and July 2014 in a total
of 2427 patients with IBS-D (IBS-3001, IBS-
3002 trials). The studies examined twice-daily
dosing of eluxadoline 75 and 100 mg over 26
(IBS-3002) and 52 weeks (IBS-3001) of treat-
ment, with the same methods of assessing clinical
response as the prior phase II study as well as
monitoring of symptoms using a daily diary.1” Of
note, response was defined as a simultaneous daily
improvement in both WAP and BSS stool consist-
ency (i.e. patients who recorded a reduction of
=30% from their average baseline score for their
WAP and, on the same days, a stool consistency
score of <5 on =50% of days during the study).
There was significant composite symptom
improvement in the 100-mg group over placebo in
the monthly, 3-month (US FDA endpoint), and
6-month (EMA endpoint) intervals assessed over
the 26-week course of treatment (Figure 1, p <
0.01). The eluxadoline 75 mg group showed sig-
nificant composite symptom improvement at both
endpoints in IBS-3002 (p < 0.001), however in
IBS-3001 only reached significance at the US
FDA (p = 0.001) and not EMA (p = 0.11) end-
point (Table 1). At both endpoints, there was no
significant difference compared with placebo with
respect to improvement in abdominal pain for
either dose of eluxadoline. When using more
stringent measures of reduction in these scores
(i.e. =40% and =50%), significance was reached
for the eluxadoline 100-mg group at both intervals
assessed. Additionally, eluxadoline was superior
to placebo with respect to assessments of global
symptoms and quality of life measurements. Both
dosages resulted in a significant composite
response in the first 4 weeks of treatment, congru-
ent with earlier findings in the phase II study.!?-18
Eluxadoline at the 100-mg dose was significantly
superior to placebo in all subpopulations explored,
including age (stratified = or < 65 years) or sex,
however there was no published subpopulation
analysis for the 75-mg dosing group.

Safety and tolerability

Overview

Safety data from the phase III clinical trials was
analyzed in up to 26 weeks (IBS-3002 trial) and
52 weeks (IBS-3001 trial) of treatment. There
were no significant trends observed in hemato-
logic, metabolic, or renal laboratory findings in
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Figure 1. Percent of patients with clinical response to eluxadoline in a pooled phase Ill trial. Adapted from
Supplementary Table 1 of Lembo and colleagues.’

Table 1. Efficacy results in two phase Il clinical trials assessing clinical response to eluxadoline. Adapted from United States Food
and Drug Administration 2015,2" original data from Lembo and colleagues.'”

IBS-3001 Trial 1BS-3002 Trial
Eluxadoline Eluxadoline Placebo Eluxadoline Eluxadoline Placebo
100 mg 75 mg 100 mg 75 mg
n=426 n=427 n=427 n=382 n=381 n =382
Composite? response over 12 weeks
Responder rates 25% 24% 17% 30% 29% 16%
Treatment difference 8%?® 7%¢ 13%¢ 13%¢
95% Cl (%) (2.6,13.5) (1.4,12.2) (7.5,19.2) (6.8,18.5]
Composite response over 26 weeks
Responder rates 29% 23% 19% 33% 30% 20%
Treatment difference 10% 4% 13% 10%
95% Cl (%) (4.7,16.1) (-1.0,9.9) (6.4, 18.8) (4.2, 16.4)
Abdominal pain response improved
by =30%
Responder rates 43% 42% 40% 51% 48% 45%
Treatment difference 4% 3% 6% 3%
95% ClI (%) (-3.0, 10.2) (-3.8, 9.4) (-1.3,12.8) (-4.3,9.8)
BSS <5 Response over 12 weeks
Responder rates 34% 30% 22% 36% 37% 21%
Treatment difference 12% 8% 16% 16%
95% Cl (%) (6.3, 18.2) (2.1, 13.8) (8.4, 21.0) (9.7, 22.4)
ZComposite = Simultaneous improvement of WAP by = 30% and BSS <5 on the same day for =50% of days over the interval.
= 00s,
dp < 0.001.

BSS, Bristol Stool Score; Cl, confidence interval; IBS, irritable bowel syndrome; WAP, Worst Abdominal Pain.
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Figure 2. Incidence of (a) AEs and (b) SAEs by time interval: pooled analysis for eluxadoline phase Il and IlI

studies.

AE, adverse event; BID, twice daily; SAE, serious adverse event.

Reprinted with permission from Cash and colleagues."?

eluxadoline treatment groups. Common adverse
events (AEs) included nausea, abdominal pain,
and constipation, which occurred in approxi-
mately 6—8% of patients. There was no significant
difference in the discontinuation rate of therapy
between eluxadoline and placebo, with no with-
drawal period or worsening of symptoms follow-
ing completion of treatment. SAEs included
pancreatitis in patients with biliary sludge or
excessive alcohol use defined as greater than three
drinks per day, and sphincter of Oddi dysfunc-
tion, the latter of which exclusively occurred in
patients without a gallbladder.!”

In 2016, Cash and colleagues pooled the data
from the phase II and III clinical trials at the
approved eluxadoline twice-daily doses of 75 and

100 mg to include a total of 2814 patients.!?
Across the placebo (z = 974), 75 mg (n = 807),
and 100 mg (z = 1032) groups the most com-
monly reported AEs included nausea (n = 49,
5%;n = 65,8.1%;n =73,7.1%), constipation (n
= 24,2.5%;n = 60, 7.4%; n = 84, 8.1%), upper
respiratory tract infection (n = 38, 3.9%; n = 27,
3.3%; n = 53, 5.1%), and abdominal pain (n =
25, 2.6%; n = 33, 4.1%; n = 47, 4.6%), which
occurred more frequently than patients taking
placebo (Figure 2). Constipation and abdominal
pain were the most common AEs leading to dis-
continuation of treatment and were relatively
infrequent (constipation 1.1% and 1.5% for 75
mg and 100 mg, respectively; abdominal pain:
1.1% at both dosages). There was a higher inci-
dence of transaminase elevations in 2.1% and
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2.5% of patients for the eluxadoline 75 mg and
100 mg groups, a rate higher than that seen in the
placebo group (1.4%). When comparing older
(age > 65) with younger (age < 65) patients,
there was a slightly higher incidence of AEs (66%
versus 59%) and SAEs (9% wversus 4%) that did
not reach statistical significance.1®

Sphincter of Oddi spasm and pancreatitis

Of note, patients with a known history of sphinc-
ter of Oddi spasm were excluded from all eluxado-
line trials.!%!7 This was based on prior data
demonstrating that patients experiencing sphinc-
ter of Oddi spasm are sensitive to opioids and can
have a higher incidence of abdominal pain and
pancreatitis after exposure to opioid-containing
medications.2? Among the patients receiving elux-
adoline, 0.2% (2 of 807) of the 75 mg dosage
group and 0.8% (5 of 1032) of the 100 mg group
experienced sphincter of Oddi spasm compared
with no reported cases (0 of 975) in the placebo
group.!® All cases occurred in patients without a
gallbladder and resolved with discontinuation of
treatment. The EMA listed prior cholecystectomy
as a contraindication to eluxadoline use after it
was made commercially available in May 2015,
however initially the US FDA recommended
using the 75-mg dose when indicated in this
patient population. In March 2017, the US FDA
added prior cholecystectomy as a contraindication
to eluxadoline use after receiving 120 reports of
these patients developing serious pancreatitis
resulting in hospitalization with two deaths.?? In
both patients who died, their symptoms occurred
shortly after receiving a single dose of eluxadoline.
The current US FDA recommendation for
patients with mild hepatic impairment (Child-
Pugh Class A) is to treat with the 75-mg dose and
monitor for signs of aminotransferase elevation
and episodic abdominal pain, which were present
in every reported case of sphincter of Oddi spasm
in the pooled study.1%2! SAEs were relatively rare
when pooling trial data, with only approximately
4% of patients on eluxadoline experiencing SAEs
compared with 2.6% on placebo.!® There was no
dose-dependent association between risk of SAE
and eluxadoline. The most commonly reported
SAE was pancreatitis, which had a 0.4% incidence
(7 of 1839) with both eluxadoline dose groups and
0% incidence for placebo.!® There was no
increased risk of cardiovascular complications or
QT c-prolonging effect over placebo and no deaths
were reported during the studies.?! Eluxadoline is
contraindicated in patients with a history of biliary

duct obstruction, sphincter of Oddi dysfunction,
prior cholecystectomy, pancreatitis or known pan-
creatic duct obstruction, severe hepatic impair-
ment (Child-Pugh Class C), severe or chronic
constipation, active alcohol abuse (more than
three drinks per day), or known mechanical gas-
trointestinal obstruction.?!

Pregnancy

The US FDA has not currently assigned eluxado-
line a pregnancy category as none of the clinical
studies have included pregnant women. In animal
reproduction studies, administration of eluxado-
line at doses over 50 times the human exposure
after a single oral dose demonstrated no terato-
genic or postnatal developmental effects in off-
spring. Coadministration of eluxadoline with oral
contraceptives (combined progesterone/estrogen)
did not change the bioavailability or efficacy of
either drug. There are no published data available
regarding the presence of eluxadoline in breast
milk, the effects of eluxadoline on the breastfed
infant, or its effects on milk production.2!

Drug interactions

Eluxadoline is metabolized by cytochrome P450
(CYP) proteins, however the exact CYP pathway
has not been clearly established.?! Strong CYP
inhibitors such as ciprofloxacin, gemfibrozil, flu-
conazole, clarithromycin, and paroxetine among
other agents will therefore increase exposure to
eluxadoline through inhibition of its metabolism.
Coadministration with OATP1BI inhibitors (e.g.
rifampin, antiretrovirals, cyclosporine) or sub-
strates (e.g. rosuvastatin) will also increase elux-
adoline exposure. For example, dosing eluxadoline
with rosuvastatin 20 mg resulted in a 40% increase
in concentration exposure of the statin compared
to administration of rosuvastatin alone, increasing
the risk of rhabdomyolysis.?! Patients using elux-
adoline should be advised to limit use of other
antidiarrheal agents such as loperamide to an as-
needed basis for acute management of severe diar-
rhea as routine use of concomitant antidiarrheals
increases the risk for constipation-related AEs.

Clinical use

As a new drug to enter the IBS-D market, the
place of eluxadoline in the hierarchy of IBS treat-
ments is still to be determined. Many patients
self-treat their diarrheal symptoms with over-the-
counter loperamide before even seeking primary
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or specialty care. While eluxadoline may be a rea-
sonable first-line prescription agent, along with
rifaximin, for patients seeking medical care for
confirmed IBS-D, the current US FDA inquiry
into the reported deaths associated with eluxado-
line use in patients with prior cholecystectomy is
still ongoing. Despite its demonstrated efficacy in
addressing both diarrheal and global symptoms
of IBS, the latter of which not addressed by lop-
eramide in clinical trials of IBS-D patients, fur-
ther studies are still needed to clarify its benefit
relative to existing therapy modalities. Direct
comparison of eluxadoline with other recently
approved IBS-D agents such as alosetron and
rifaximin is not possible due to differences in the
clinical trial methodologies and study popula-
tions.2> Second-line prescription agents may
include TCAs, which have not been as rigorously
studied in IBS-D and have significantly more
AEs than first-line agents. Potential advantages
of eluxadoline include better quality evidence
than loperamide and that its treatment not lim-
ited to use in only women as with alosetron; how-
ever, head-to-head studies directly comparing
eluxadoline with other agents are currently lack-
ing. An additional benefit of eluxadoline is its
favorable side effect profile when excluding
patients with contraindications such as prior
cholecystectomy, alcohol abuse, and pancreatic
or hepatobiliary dysfunction. Identifying which
subpopulations of IBS-D patients are more likely
to benefit from eluxadoline use will likely be an
area of future study.

Approved as a schedule IV substance by the US
Drug Enforcement Administration, eluxadoline
has a theoretical abuse potential given its prop-
erties of u- and k- opioid agonism and §-opioid
antagonism.2* However, in cross-over studies
examining the abuse potential of eluxadoline
versus placebo and oxycodone as an active con-
trol, eluxadoline was not shown to have a signifi-
cantly increased abuse potential over placebo
when used intranasally. In comparing oral abuse
potential through use of validated question-
naires, eluxadoline 300 mg and 1000 mg dos-
ages had significantly higher abuse potential
than placebo but significantly lower versus oxy-
codone.?> A larger study using data from the
IBS-3001 and IBS-3002 trials demonstrated
that the overall incidence of AEs potentially
related to abuse did not differ significantly
among the groups given placebo, eluxadoline 75
mg, or eluxadoline 100 mg (2.8%, 2.7%, and
4.3%, respectively). Opiate Withdrawal Scale

scores did not differ significantly among the
three groups (3.0, 2.0, and 3.0, respectively).2°

Among patients trialed on eluxadoline, current
data would suggest that if tolerated, the 100 mg
dose is more efficacious than the 75 mg dose, but is
also associated with a slightly higher incidence of
adverse effects. Patients that respond to therapy
may expect improvement within 1 month of start-
ing treatment. There is relatively low oral bioavail-
ability (1.02%) of eluxadoline, which was intended
to reduce the possibility of central opioid effects.
Intake of fatty meals (defined as >800 total kcal,
with =50% derived from fat) has been shown to
decrease eluxadoline serum levels by 50% and
therefore administration with a fatty meal is recom-
mended, as reduced plasma levels are ultimately
desirable as the drug is felt to optimally exert its
effect intraluminally as opposed to systemically.2!
Additionally, eluxadoline has approximately linear
pharmacokinetics with no evidence of accumula-
tion with repeated, twice-daily dosing.

Conclusion

IBS-D remains a challenging syndrome to
address, however, early data with eluxadoline
show it to be a promising addition to the limited
existing treatment options available. The two
large phase III studies have shown it to improve
stool consistency, frequency, and quality of life
metrics. While these studies of eluxadoline did
not demonstrate a significant improvement in
abdominal pain at US FDA and EMA end-
points, it has been shown to improve abdominal
pain in subsequent analyses. Future studies
comparing eluxadoline to alternative therapies
used to treat IBS-D will hopefully further eluci-
date its role in treating a complex and common
disorder.
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