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Introduction
Irritable bowel syndrome (IBS) is a chronic gas-
trointestinal (GI) disorder characterized by 
recurrent abdominal pain and altered bowel 
movements.1 IBS is diagnosed clinically, based 
on Rome diagnostic criteria,2 a careful history 
and examination, and limited diagnostic tests. 
Symptoms tend to fluctuate over time with vari-
ations in both intensity and duration.3 IBS is 

one of the most commonly diagnosed GI disor-
ders, resulting in 12% of all primary care visits,4 
and the most common reason for patient visits 
to gastroenterologists.5,6 Patients with IBS 
report that work productivity, time manage-
ment, and participation in social activities are all 
significantly affected by the condition.7 Not sur-
prisingly, IBS results in a major demand on 
health-related resources.8
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Abstract
Background: Irritable bowel syndrome with diarrhea (IBS-D) is a prevalent gastrointestinal 
(GI) disorder with a varied presentation, often overlapping with other GI and non-GI disorders. 
Eluxadoline is a locally active mixed µ- and κ-opioid receptor agonist and δ-opioid receptor 
antagonist approved for the treatment of IBS-D in adults. As IBS-D is a heterogeneous 
disease, factors such as patient demographics, symptom severity, and symptom pattern 
history can potentially inform treatment selection.
Methods: Here, we report additional prospectively planned analyses of two large double-
blind, placebo-controlled studies (IBS-3001 and IBS-3002) enrolling patients meeting Rome III 
criteria for IBS-D. Patients were randomized 1:1:1 to receive placebo or eluxadoline 75 mg or 
100 mg twice daily. Efficacy (abdominal pain, stool consistency, and composite, simultaneous 
improvement in both) and safety were assessed for prospectively defined patient subgroups 
stratified by age, sex, race, presence of comorbidities, and baseline disease characteristics.
Results: Across all age, sex, race, comorbidity, and disease characteristic subgroups, a 
greater proportion of patients were composite responders with both eluxadoline doses 
as compared with placebo, including patients with a history of depression or a history of 
gastroesophageal reflux disease. Among patients aged ⩾65 years, a greater proportion of 
patients receiving eluxadoline 75 mg were composite, abdominal pain, and stool consistency 
responders compared with those receiving 100 mg. The proportion of patients with at least one 
adverse event was slightly higher in patients aged ⩾65 years and also in female patients.
Conclusions: This analysis suggests that eluxadoline is effective in treating IBS-D across a 
range of commonly encountered patient types. In contrast to the overall population, patients 
aged ⩾65 years demonstrated a greater proportion of responders at the lower approved 75 mg 
eluxadoline dose.
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As IBS is a prevalent yet heterogeneous disorder, 
patient selection for a given treatment can be chal-
lenging and may be influenced by patient demo-
graphics, symptom severity, or symptom profile. 
IBS most commonly presents between the ages of 
35 and 50 years; however, IBS can affect people of 
all ages and patients often have symptoms for years 
before seeking care.1,7 IBS affects both men and 
women,1,7 with the overall prevalence being 67% 
higher in women internationally.9

IBS and other GI disorders, including gastroesoph-
ageal reflux disease (GERD) and functional dys-
pepsia, often occur concurrently. This overlap is 
associated with increased symptom burden and 
increased physician consultations.10,11 Approx- 
imately 40% of patients with IBS have some degree 
of psychiatric comorbidity,12 including depression, 
and these comorbidities lead to multiple coinciding 
symptoms that can make the management of IBS 
additionally challenging.

IBS with diarrhea (IBS-D) makes up approxi-
mately one third of all IBS cases.1 Diarrhea and 
abdominal pain are the cardinal symptoms of 
IBS-D, though fecal urgency and bloating are 
common and the most bothersome symptom var-
ies from patient to patient.2,3,13–15 As IBS-D is a 
chronic, relapsing disease, the symptom profile 
can vary greatly over time.3

Eluxadoline is a mixed µ- and κ-opioid receptor 
agonist and δ-opioid receptor antagonist, approved 
for the treatment of IBS-D in adults in the United 
States, European Union, and Canada.16–18 The 
efficacy of eluxadoline has been demonstrated in 
two phase III clinical trials, where it simultaneously 
improved stool consistency and abdominal pain 
and was associated with greater adequate relief 
than placebo.19 Further, treatment responses were 
maintained over 6 months.20 Eluxadoline was gen-
erally well tolerated in clinical trials, with the most 
common adverse events (AEs) being constipation 
and nausea.19,21,22 Rare events of sphincter of Oddi 
(SO) spasm and pancreatitis have been reported 
with eluxadoline, with the risk highest in patients 
who have undergone a cholecystectomy; as a result, 
eluxadoline is contraindicated in patients without a 
gallbladder or patients consuming more than three 
alcoholic beverages per day.19,21,23

Given the diverse presentation of IBS-D, we 
sought to determine if eluxadoline was efficacious 
across a range of relevant subgroups based on 

demographics, comorbidities, and baseline dis-
ease characteristics in the phase III clinical trials. 
In order to maximize the subgroup population 
sample sizes, analyses were undertaken only on 
the pooled phase III studies.

Methods

Study design
IBS-3001 [ClinicalTrials.gov identifier: 
NCT01553591] and IBS-3002 [ClinicalTrials.
gov identifier: NCT01553747] were randomized, 
double-blind, placebo-controlled studies, the 
design and results of which have been previously 
reported.19 Patients with IBS-D were enrolled 
and randomized 1:1:1 to receive placebo or elux-
adoline 75 mg or 100 mg twice daily for a total of 
26 (IBS-3002) or 52 (IBS-3001) weeks. The 
patients completed a 2- to 3-week screening 
period prior to enrollment, reporting their daily 
IBS-D symptoms and bowel patterns using an 
interactive voice response system which also 
served as an electronic patient diary throughout 
the trial, where patients reported symptoms of 
IBS-D as well as their bowel functioning.19

Patients
Patients aged 18–80 years with IBS-D (Rome III) 
were eligible for enrollment if, during the week 
before randomization, they reported an average 
worst abdominal pain score of >3 (on a scale of 0 
to 10, with 0 indicating no pain and 10 indicating 
the worst imaginable pain), an average score for 
stool consistency of ⩾5.5 on the Bristol Stool 
Form Scale (BSFS; a 7-point scale where 1 cor-
responds to hard stool and 7 corresponds to 
watery diarrhea),24 a score of ⩾5 BSFS for 
⩾5 days, and an average IBS-D global symptom 
score for symptoms of IBS-D of ⩾2 (on a 5-point 
scale where 0 indicates no symptoms and 4 cor-
responds to very severe symptoms).19

Assessments.  Patients reported both their 
abdominal pain and stool consistency on a daily 
basis. Worst abdominal pain in the past 24 h was 
reported on an 11-point scale. Stool consistency 
was reported using the BSFS.

Efficacy endpoints
Abdominal pain response was defined as a reduc-
tion in pain score of ⩾30% from baseline for 
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⩾50% of treatment days. Stool consistency 
response was defined as a BSFS score of <5 or 
the absence of a bowel movement if accompanied 
by a reduction of ⩾30% from baseline in the 
score for the worst abdominal pain, on ⩾50% of 
treatment days. Composite response was defined 
as daily reduction of ⩾30% in worst abdominal 
pain score compared with average baseline pain 
and, on the same day, a BSFS score of <5 or the 
absence of a bowel movement if accompanied by 
a reduction from baseline of ⩾30% in abdominal 
pain score, with both endpoints being met on 
⩾50% of treatment days. In addition to the crite-
ria described above, a minimum of 110 diary-
entry days from week 1 to 26 were required to be 
included as a responder.

Safety
Safety data, including assessment of AEs and 
serious AEs (SAEs), were collected throughout 
the study duration and analyzed for the safety 
analysis set, which includes all patients enrolled 
who received at least one dose of either eluxado-
line or placebo.19

Identification of clinically relevant subgroups
Patient age was calculated in years using the date 
of informed consent and the date of birth. 
Information on patient sex and race was collected 
during the prescreening period (3 weeks prior to 
randomization). Race categories included White, 
Black, Asian, American Indian or Alaska Native, 
Native Hawaiian or other Pacific Islander, or 
other. Patient body mass index (BMI) was calcu-
lated from the height and weight data recorded at 
prescreening and summarized as the baseline 
value. Medical history was collected at prescreen-
ing and screening, 3 and 2 weeks prior to randomi-
zation, respectively. Comorbidities were identified 
as follows: those with a history of GERD symp-
toms were identified based on verbatim terms for 
GERD and its synonyms (acid reflux, dyspepsia, 
epigastric burning, gastric reflux, and heartburn), 
and those with a history of depression were identi-
fied based on the preferred Medical Dictionary for 
Regulatory Activities term of depression. Patient 
IBS symptom history was collected at prescreen-
ing and the numbers and percentages of patients 
with a wax-and-wane versus persistent symptom 
history were identified based on patient responses 
to questions asking if IBS symptoms tend to wax/
wane or if they tend to be persistent. Patients were 

also asked to indicate the time period over which 
symptoms waxed/waned. Baseline abdominal pain 
was defined as the weekly average of the measure-
ments recorded during the 7 days prior to rand-
omization on an 11-point scale. Patients were 
categorized by age (<65 or ⩾65 years), sex (male 
or female), race (Black, White, or other), BMI 
(<30 or ⩾30 kg/m2), comorbidity history (no 
GERD symptoms or GERD symptoms; no 
depression or depression), symptom history (per-
sistent or wax/wane), and baseline average pain 
score (<5, 5–<8, and ⩾8). Baseline average pain 
score categories were defined based on clinical 
definitions such as Rome IV criteria or clinical 
experience (see Table 1).

Statistical analysis
Data were pooled from IBS-3001 and IBS-3002 
and analyses were carried out on the intention-
to-treat (ITT) analysis set, defined as all patients 
randomly assigned to treatment.19 All subgroup 
analyses of the composite endpoint, abdominal 
pain endpoint, and stool consistency endpoint 
over weeks 1–26 in the pooled population were 
prospectively planned. A summary of previously 
reported or overlapping analyses is included in 
Supplementary Table S1. Due to the small sam-
ple sizes in some of the subgroups, only descrip-
tive statistics were utilized and no p values are 
presented.

Results

Baseline demographics and disease 
characteristics
As previously described, the ITT population com-
prised 2423 patients from the two studies. The 
demographics and baseline characteristics were 
balanced between both studies and across all treat-
ment groups with an average age of approximately 
45 years; approximately 65% of patients were 
female, and approximately 86% were White.19

Efficacy of eluxadoline based on patient 
demographics
Age.  Eluxadoline improved IBS-D symptoms in 
both age groups (<65 and ⩾65 years) as com-
pared with placebo. The proportion of composite 
responders was greater with both doses of elux-
adoline (75 mg: 24.6%; 100 mg: 30.1%) and as 
compared with placebo (19.5%) in patients  
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aged <65 years. A slightly higher proportion of 
responders was observed in patients receiving 
100 mg compared with those receiving 75 mg 

eluxadoline. In contrast, of the patients aged 
⩾65 years, a higher proportion of patients receiv-
ing 75 mg eluxadoline (50.8%) were composite 
responders as compared with those receiving 
100 mg eluxadoline (40.5%) or placebo (19.6%) 
[see Figure 1(a)]. The proportion of abdominal 
pain responders was slightly greater than placebo 
(42.4%) at the 75 mg (44.5%) and the 100 mg 
(47.7%) eluxadoline doses among patients aged 
<65 years. Among patients aged ⩾65 years, a 
higher proportion of patients receiving 75 mg 
were abdominal pain responders (66.2%) as  

Table 1.  Patient subgroup categories.

Age subgroupsa, n (%)  

  <65 years 2182 (90.1)

  ⩾65 years 241 (9.9)

Sex subgroupsa, n (%)  

  Female 1602 (66.1)

  Male 821 (33.9)

Race subgroupsa, n (%)  

  Black 277 (11.4)

  White 2084 (86.0)

  Other 62 (2.6)

BMI subgroupsb, n (%)  

  <30 kg/m2 1276 (52.8)

  ⩾30 kg/m2 1142 (47.2)

History of depression subgroupsa, 
n (%)

 

  No depression 1809 (74.7)

  Depression 614 (25.3)

History of GERD symptoms subgroupsa, n (%)

  No GERD symptoms 1681 (69.4)

  GERD symptoms 742 (30.6)

History of IBS symptoms 
subgroupsb, n (%)

 

  Persistent 1913 (79.1)

  Wax/wane 505 (20.9)

Baseline pain subgroupsa, n (%)  

  <5 555 (22.9)

  5–<8 1548 (63.9)

  ⩾8 320 (13.2)

an = 2423; bn = 2418.
BMI, body mass index; GERD, gastroesophageal reflux 
disease; IBS, irritable bowel syndrome.

Figure 1.  Proportions of responders. 
Proportions of composite responders (a)a, abdominal pain 
responders (b), and stool consistency responders (c) for patients 
aged <65 and ⩾65 years in the pooled phase III population.
aData for proportions of composite responders for eluxadoline 
100 mg versus placebo have been previously published.19

BID, twice daily; ELX, eluxadoline.
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compared with patients receiving 100 mg eluxad-
oline (54.1%) or placebo (54.9%) [see Figure 1(b)]. 
The proportion of stool consistency responders 
was greater at both eluxadoline doses as com-
pared with placebo in both age groups. However, 
consistent with the composite and abdominal 
pain response, the proportion of stool consistency 
responders increased with increasing dose of 
eluxadoline (29.2% and 35.9% at 75 mg and 
100 mg, respectively) as compared with placebo 
(23.9%) among patients aged <65 years, whereas 
a greater proportion of patients aged ⩾65 years 
were responders with eluxadoline 75 mg (52.3%) 
than with 100 mg (45.9%) or placebo (23.5%) 
[see Figure 1(c)].

Sex.  Sex did not appear to have an impact on 
the efficacy of eluxadoline. A significantly 
greater proportion of male and female patients 
who received eluxadoline were composite 
responders, as compared with placebo.19 The 
proportions of abdominal pain responders were 
similar between female and male patients and 
across all treatment groups [placebo (45.0% of 
females and 42.2% of males), 75 mg eluxado-
line (46.9% of females and 45.0% of males), 
and 100 mg eluxadoline (48.0% of females and 
48.9% of males); see Figure 2(a)]. A greater 
proportion of female and male patients were 
stool consistency responders at either dose of 
eluxadoline (30.5% and 36.4% of females and 
32.1% and 37.7% of males at 75 mg and 
100 mg, respectively), as compared with pla-
cebo (24.1% of females and 23.4% of males) 
[see Figure 2(b)].

Race.  Across all reported races, the proportion of 
composite responders was greater with eluxado-
line 75 mg or 100 mg than with placebo; however, 
it is important to note that White patients com-
prised 86.0% of the overall patient population 
(see Supplementary Table S2).

Body mass index. The proportion of composite 
responders was similar with 75 mg and 100 mg 
eluxadoline (30.9% and 29.7%, respectively) and 
higher than placebo (20.8%) among patients with 
a BMI <30 kg/m2. However, in patients with a 
BMI ⩾30 kg/m2, the proportion of composite 
responders was lower with 75 mg than with 100 mg 
(22.0% and 32.6%, respectively), though the pro-
portion in each group was higher than with pla-
cebo (18.2%; see Supplementary Table S2).

Efficacy of eluxadoline based on medical history
A patient history of GERD symptoms (30.6% of 
all patients) did not seem to affect eluxadoline 
efficacy; the subgroups receiving either dose of 
eluxadoline had a greater proportion of compos-
ite responders compared with placebo [see Figure 
3(a)]. Among patients with a history of GERD 
symptoms, 31.8% receiving 75 mg eluxadoline 
and 33.9% receiving 100 mg eluxadoline were 
composite responders as compared with 19.5% 
receiving placebo. Of the patients with no history 
of GERD symptoms, 24.5% receiving 75 mg 
eluxadoline and 29.7% receiving 100 mg eluxad-
oline were composite responders as compared 
with 19.5% receiving placebo.

In patients with and without a history of depres-
sion, those subgroups receiving eluxadoline doses 
had a greater proportion of composite responders 
(100 mg: 31.6% and 30.8%, respectively; 75 mg: 
21.2% and 28.7%, respectively) compared with 

Figure 2.  Proportions of abdominal pain responders 
and stool consistency responders.
Proportions of abdominal pain responders (a) and stool 
consistency responders (b) for female and male patients in 
the pooled phase III populationa.
aData for proportions of composite responders for 
eluxadoline 100 mg versus placebo by sex have been 
previously published.19

BID, twice daily; ELX, eluxadoline.
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placebo (18.6% and 19.9%, respectively) [see 
Figure 3(b)].

Efficacy of eluxadoline based on baseline 
disease characteristics
Symptom profile.  Eluxadoline improved IBS-D 
symptoms in patients with both persistent and 
intermittently occurring symptoms. The propor-
tion of composite responders was greater with 
eluxadoline 100 mg treatment (30.3% of persis-
tent and 34.2% of wax/wane patients) as well as 
75 mg eluxadoline treatment (26.4% and 28.3%, 
respectively) compared with placebo (18.6% and 
22.8%, respectively) [see Figure 4(a)].

Baseline pain.  In general, the proportion of com-
posite responders was highest in the least severe 
baseline pain subgroup (<5) and lowest in the 
most severe subgroup (⩾8) across all treatment 
arms [see Figure 4(b)]. Among those patients 
reporting a lower baseline pain score (<5), 31.6% 
receiving 75 mg and 36.2% receiving 100 mg 

eluxadoline were composite responders, as com-
pared with 21.1% receiving placebo. In those 
patients with a higher baseline pain score (⩾8), 
eluxadoline treatment also resulted in a higher 
proportion of composite responders (21.4% and 
24.5% at 75 mg and 100 mg, respectively) com-
pared with placebo (12.7%). However, the differ-
ence in the proportion of composite responders 
versus placebo decreased with increasing severity 
[see Figure 4(b)].

Safety of eluxadoline based on patient 
demographics
As reported previously,21 safety analysis for phase 
II and III clinical trials was completed across sub-
groups. AEs leading to treatment discontinuation 
were slightly higher in White patients than in 
Black patients across all treatment groups (4.3%, 
8.7%, and 8.2% in White patients as compared 
with 3.8%, 5.4%, and 3.2% in Black patients in 
the placebo, eluxadoline 75 mg, and eluxadoline 
100 mg treatment groups, respectively).21 Patients 
with a BMI ⩾30 kg/m2 had an increased number 
of AEs compared with patients with a BMI  
<30 kg/m2. In this analysis, safety data from the 
combined phase III clinical trials were further 
examined to identify any potential new safety sig-
nals in the age and sex subgroups.

Age.  As shown in Table 2, the proportion of 
patients with ⩾1 AE was slightly higher in patients 
aged ⩾ 65 years at both doses of eluxadoline 
(66.2% and 65.3% at 75 mg and 100 mg, respec-
tively) compared with patients aged <65 years 
(59.7% and 57.5%, respectively). The most com-
mon AEs in patients aged <65 years receiving 
eluxadoline 100 mg included constipation and 
nausea (8.4% and 7.4%, respectively), and in 
patients aged ⩾65 years the most common AEs 
were abdominal pain and constipation (12.0% 
and 10.7%, respectively). The incidence of AEs of 
special interest, including pancreatitis (six total 
cases) and elevated levels of aminotransferases 
(alanine aminotransferase/aspartate aminotrans-
ferase) associated with abdominal pain (eight 
total cases), was low across both age subgroups. 
Of the six total cases of pancreatitis, only one case 
occurred in a patient aged ⩾65 years and was 
later adjudicated as being consistent with SO 
spasm.

Sex.  Overall, the proportion of patients with ⩾1 
AE was slightly higher in female patients than in 

Figure 3.  Proportions of composite responders 
for patients with a history of GERD symptoms and 
depression.
Proportions of composite responders for patients with a 
history of GERD symptoms (a) and depression (b) in the 
pooled phase III population.
BID, twice daily; ELX, eluxadoline; GERD, gastroesophageal 
reflux disease.
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male patients (see Table 3). Specifically, 64.6% of 
female patients receiving eluxadoline 75 mg and 
60.3% receiving 100 mg experienced ⩾1 AE, 
compared with 51.5% and 54.1% of male patients 
receiving 75 mg and 100 mg, respectively. Female 
patients had slightly higher incidences of consti-
pation (9.5% versus 6.9%) and vomiting (5.3% 
versus 2.1%) than male patients receiving the 
same dose. Four of the six cases of pancreatitis 
occurred in female patients.

Discussion
In this subgroup analysis of the pooled phase III 
clinical trial data, eluxadoline displayed consist-
ent efficacy across different demographic groups, 
including sex and race. This is comparable with 

the responses seen in the overall phase II and III 
clinical trial program.25,26 However, elderly 
patients demonstrated apparent increased sensi-
tivity to eluxadoline treatment. Interestingly, 
among patients aged ⩾65 years, a greater propor-
tion of composite, abdominal pain, and stool  
consistency responders were observed with elux-
adoline 75 mg than with the 100 mg twice-daily 
dose. The approved starting dose of eluxadoline 
is 100 mg twice daily. As elderly patients receiving 
the higher eluxadoline dose also experienced 
higher rates of GI AEs,21 the Canadian18,27 and 
European regulatory authorities28 approved a 
starting dose of 75 mg twice daily in older patients. 
While speculative, these data suggest that patients 
may be more sensitive to the effects of eluxado-
line with increasing age. As eluxadoline acts 

Figure 4.  Proportions of composite responders for patients.
Proportions of composite responders for patients based on symptom pattern history (a) and baseline pain score (b) in the 
pooled phase III population.
BID, twice daily; ELX, eluxadoline.
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Table 2.  Safety overview and AEs of special interest by age: pooled phase III population.

Age

  <65 years ⩾65 years

  Placebo  
(n = 707)

ELX 75 mg  
(n = 742)

ELX 100 mg 
(n = 784)

Placebo  
(n = 101)

ELX 75 mg  
(n = 65)

ELX 100 mg 
(n = 75)

Patients with ⩾1 AE, n (%) 383 (54.2) 443 (59.7) 451 (57.5) 67 (66.3) 43 (66.2) 49 (65.3)

AEs occurring in ⩾5% of patients, n (%)a  

  Constipation 18 (2.5) 54 (7.3) 66 (8.4) 2 (2.0) 6 (9.2) 8 (10.7)

  Nausea 36 (5.1) 61 (8.2) 58 (7.4) 5 (5.0) 4 (6.2) 6 (8.0)

 � Upper respiratory tract infection 28 (4.0) 24 (3.2) 45 (5.7) 4 (4.0) 3 (4.6) 2 (2.7)

  Abdominal pain 18 (2.5) 27 (3.6) 34 (4.3) 4 (4.0) 6 (9.2) 9 (12.0)

  Vomiting 9 (1.3) 31 (4.2) 32 (4.1) 2 (2.0) 1 (1.5) 4 (5.3)

  Dizziness 12 (1.7) 20 (2.7) 26 (3.3) 5 (5.0) 1 (1.5) 2 (2.7)

  Flatulence 10 (1.4) 21 (2.8) 23 (2.9) 3 (3.0) 0 4 (5.3)

  Sinusitis 24 (3.4) 25 (3.4) 20 (2.6) 2 (2.0) 2 (3.1) 4 (5.3)

  Fatigue 15 (2.1) 20 (2.7) 17 (2.2) 6 (5.9) 1 (1.5) 2 (2.7)

  Abdominal distension 11 (1.6) 18 (2.4) 16 (2.0) 2 (2.0) 3 (4.6) 6 (8.0)

  Urinary tract infection 14 (2.0) 12 (1.6) 15 (1.9) 1 (1.0) 5 (7.7)       0

  Back pain 19 (2.7) 17 (2.3) 13 (1.7) 6 (5.9) 1 (1.5) 1 (1.3)

  Dry mouth 12 (1.7) 15 (2.0) 9 (1.1) 2 (2.0) 0 4 (5.3)

AEs of special interest, n (%)  

  Pancreatitis 0 2 (0.3) 3 (0.4) 0 1 (1.5)       0

  �  Adjudicated pancreatitis events 0 2 (0.3) 3 (0.4) 0 0       0

   �   Adjudicated as consistent with SO 
spasmb

0 0 1 (33.3) 0 1 (100)       0

   �   Associated with alcoholb 0 1 (50.0) 2 (66.6) 0 0       0

   �   Associated with biliary sludgeb 0 1 (50.0) 0 0 0       0

   �   Prior cholecystectomyb 0 0 2 (66.6) 0 1 (100)       0

Elevated aminotransferases (ALT, AST) 
associated with abdominal pain

0 1 (0.1) 7 (0.9) 0 0       0

 � Adjudicated as consistent with SO spasmc 0 1 (100) 7 (100) 0 0       0

  Prior cholecystectomyc 0 1 (100) 7 (100) 0 0       0

aAEs occurring in ⩾5% of patients in any treatment group.
bPercentages expressed as a proportion of events reported as pancreatitis; one patient aged ⩾65 years receiving eluxadoline 75 mg had a reported 
event of pancreatitis adjudicated as SO spasm that did not meet Atlanta criteria for pancreatitis.
cPercentages expressed as a proportion of total cases of elevated aminotransferases (ALT, AST) associated with abdominal pain; one of the seven 
patients in the eluxadoline 100 mg treatment group had congenital agenesis of the gallbladder and is thus included under ‘cholecystectomy’.
Safety analysis set; includes all patients enrolled who received at least one dose of study drug.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELX, eluxadoline; SO, sphincter of Oddi.
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locally in the GI tract, any potential increased 
sensitivity to its effects with age would most likely 
be related to changes in either opioid receptor 
expression or signal transduction. This is sug-
gested both by the dose-related incidence of GI 
AEs and SAEs in the elderly population21 and by 
reports of increased sensitivity of elderly popula-
tions in other opioid prescription settings. An 

increased sensitivity to centrally acting opioids in 
the elderly population is well established, though 
the effects are generally attributable to age-related 
changes in pharmacokinetics.29 In addition, the 
predominant beneficial effect of eluxadoline in 
elderly patients was most pronounced for stool 
consistency. As colonic transit is reported to  
slow with age,30 this could partially explain the 

Table 3.  Safety overview by sex: pooled phase III population.

Sex

  Female Male

  Placebo 
(n = 525)

ELX 75 mg 
(n = 537)

ELX 100 mg 
(n = 569)

Placebo 
(n = 283)

ELX 75 mg 
(n = 270)

ELX 100 mg 
(n = 290)

Patients with ⩾1 AE, n (%) 315 (60.0) 347 (64.6) 343 (60.3) 135 (47.7) 139 (51.5) 157 (54.1)

AEs occurring in ⩾5% of patients, n (%)a  

  Constipation 14 (2.7) 43 (8.0) 54 (9.5) 6 (2.1) 17 (6.3) 20 (6.9)

  Nausea 32 (6.1) 52 (9.7) 48 (8.4) 9 (3.2) 13 (4.8) 16 (5.5)

  Abdominal pain 13 (2.5) 22 (4.1) 35 (6.2) 9 (3.2) 11 (4.1) 8 (2.8)

  Vomiting 9 (1.7) 27 (5.0) 30 (5.3) 2 (0.7) 5 (1.9) 6 (2.1)

 � Upper respiratory tract infection 20 (3.8) 18 (3.4) 30 (5.3) 12 (4.2) 9 (3.3) 17 (5.9)

  Headache 28 (5.3) 21 (3.9) 25 (4.4) 10 (3.5) 11 (4.1) 14 (4.8)

AEs of special interest, n (%)  

  Pancreatitis 0 3 (0.6) 1 (0.2) 0 0 2 (0.7)

  �  Adjudicated pancreatitis events 0 2 (0.4) 1 (0.2) 0 0 2 (0.7)

   �   Adjudicated as consistent with SO 
spasmb

0 0 1 (100) 0 0 0

   �   Associated with alcoholb 0 1 (50.0) 0 0 0 2 (100)

   �   Associated with biliary sludgeb 0 1 (50.0) 0 0 0 0

   �   Prior cholecystectomyb 0 0 1 (100) 0 0 1 (50.0)

Elevated aminotransferases (ALT, AST) 
associated with abdominal pain

0 1 (0.2) 4 (0.7) 0 0 3 (1.0)

 � Adjudicated as consistent with SO spasmc 0 1 (100) 4 (100) 0 0 3 (100)

  Prior cholecystectomyc 0 1 (100) 4 (100) 0 0 3 (100)

aAEs occurring in ⩾5% of patients in any treatment group.
bPercentages expressed as a proportion of events reported as pancreatitis; one female patient receiving eluxadoline 75 mg had a reported event of 
pancreatitis adjudicated as SO spasm that did not meet Atlanta criteria for pancreatitis.
cPercentages expressed as a proportion of total cases of elevated aminotransferases (ALT, AST) associated with abdominal pain; one of the seven 
patients in the eluxadoline 100 mg treatment group had congenital agenesis of the gallbladder and is thus included under ‘cholecystectomy’.
Safety analysis set; includes all patients enrolled who received at least one dose of study drug.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELX, eluxadoline; SO, sphincter of Oddi.
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enhanced efficacy of eluxadoline in these patients. 
Future studies on the effects of age on opioid 
receptors could help explain these differences. 
Moreover, studies examining GI tract metabo-
lism could determine if local eluxadoline expo-
sure was different among age subgroups.

It is likely that elderly IBS-D patients had experi-
enced symptoms for longer periods of time than 
younger patients, and this longer disease history 
may have contributed to the heightened treat-
ment response. This is supported by similar pro-
portions of responders between age groups with 
placebo, but differences in proportions of 
responders in response to eluxadoline, though 
future studies correlating response and disease 
duration would be needed to confirm this.

Treatment adherence or discontinuation due to 
AEs could also conceivably have contributed to the 
observed findings. However, given that the pro-
portion of composite responders observed for both 
doses of eluxadoline was more than double that of 
the placebo arm in patients aged ⩾65 years, this is 
unlikely, as patients had to complete a defined pro-
portion of diary-entry days (110 out of 182 days) in 
order to be considered responders.

We have also reported that a slightly higher propor-
tion of patients aged ⩾65 years had a baseline pain 
score of <5, which could explain their increased 
response to the lower approved dose.31 Overall, 
these differences should be interpreted with cau-
tion as only 9.9% of patients included in this study 
were aged ⩾65 years, and further studies are war-
ranted. Additional analyses to identify whether 
demographic characteristics such as age cluster 
with particular clinical characteristics could be of 
value to provide further context. Ideally, this would 
be performed in large, prospective studies with 
endpoints defined a priori.

IBS affects both men and women, with only a 
slight increase in prevalence among women.1 As 
reported previously, the proportion of composite 
responders was the same among both male and 
female patients.19 In this analysis, eluxadoline 
demonstrated efficacy in men and women, with 
respect to both abdominal pain and stool consist-
ency, which is consistent with the previous find-
ings for composite response.

GI disorders such as IBS have been reported as 
part of symptom complexes with other GI and 

non-GI disorders, including GERD symptoms 
and depression, respectively. The presence of 
multiple disorders can often create challenges 
when treating and assessing patients; therefore, 
patients with and without patient-reported symp-
toms of GERD and depression were analyzed for 
response to eluxadoline treatment. Notably, elux-
adoline treatment was as effective in patients with 
these conditions as for the overall population. 
However, formal validated questionnaires regard-
ing depression or GERD symptoms would be 
necessary to more accurately define patient popu-
lations with these specific comorbidities. Whether 
other comorbidities (e.g. functional dyspepsia) or 
overall comorbidity burden have an impact on 
eluxadoline efficacy is still unknown and may 
warrant further investigation.

Another challenge in treating IBS-D is the dynamic 
symptom profiles of patients, who experience a 
variety of symptoms that can fluctuate over time.1 
IBS-D is a chronic condition that requires a long-
term management plan, whether patients have 
persistent symptoms or flares of symptoms that 
occur intermittently. In this analysis, eluxadoline 
was effective in patients who reported persistent or 
waxing/waning symptoms at baseline. As IBS-D is 
a persistent disorder for the majority of patients, 
this supports the effectiveness of eluxadoline in 
treating the IBS-D patient population. In addition, 
the proportion of responders was greater than pla-
cebo with both doses of eluxadoline across all 
baseline pain subgroups.

Overall, there were no new safety signals in any of 
the analyzed subgroups, with a similar safety pro-
file across age and sex subgroups when compar-
ing eluxadoline and placebo treatment groups. 
However, it was noted that the proportions of 
patients with ⩾1 AE among female patients and 
patients aged ⩾65 years were higher than among 
male patients and patients aged <65 years, 
respectively. The incidences of the most common 
AEs, constipation and nausea, are consistent with 
previously published work.19,21 As has already 
been discussed, previously reported safety data 
support the recommendation for lower (75 mg) 
dosing in the ⩾65 years population, with higher 
incidences of GI AEs and SAEs at the 100 mg 
dose in the elderly population.21

While this analysis provides meaningful data about 
the efficacy of eluxadoline across patient subtypes, 
there is also an important limitation. For many of 
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the subgroups, the population sizes are relatively 
small, and whether the data are translatable to the 
population at large is uncertain.

Altogether, this analysis provides evidence that 
eluxadoline is an effective IBS-D therapy irre-
spective of age, sex, race, presence of comorbidi-
ties, or baseline disease characteristics.
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