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Abstract
Background: Recurring abdominal pain is a characteristic and often unpredictable and 
debilitating symptom of irritable bowel syndrome with diarrhea (IBS-D). Measuring 
the effects of IBS-D treatments on abdominal pain remains a significant challenge in 
clinical trials. Here, we aimed to examine the effect of eluxadoline through various 
post hoc analyses.
Methods: Data from two eluxadoline Phase 3 trials were pooled over 26 weeks, com-
paring eluxadoline 100 mg twice daily to placebo. Worst abdominal pain (WAP) was 
measured daily on a 0-10 scale. WAP responder criteria were prospectively defined as a 
≥30% improvement in daily WAP score on ≥50% of days. Pairwise, two-sided Cochran-
Mantel-Haenszel tests assessed treatment effects. Cumulative distribution functions 
were used to plot WAP response rates using variations on the response criteria.
Key results: Of 1615 patients with IBS-D (66% female, mean age 46 years), 806 re-
ceived eluxadoline and 809 received placebo; 48.3% and 44.0% were WAP respond-
ers (≥30% improvement), respectively (P value not significant). When the response 
threshold was increased to 50% daily WAP improvement from baseline, a significantly 
greater percentage of eluxadoline-treated patients versus placebo-treated patients 
were WAP responders (38.7% vs 32.5%, respectively; P = .009). At Week 26, average 
WAP changes from baseline were −3.4 and −3.0 points, respectively (P = .002).
Conclusions and Inferences: Despite small effect sizes, eluxadoline demonstrated 
consistent and sustained improvement in WAP compared to placebo across a range 
of prospective and post hoc analyses. Assessing WAP response across a range of 
measures is important for fully understanding a treatment's efficacy.
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1  | INTRODUC TION

Irritable bowel syndrome (IBS) is a chronic functional gastrointesti-
nal disorder characterized by recurrent abdominal pain with altered 
bowel habits. IBS affects an estimated 11% of the global population,1 
with the diarrhea-predominant subtype (IBS-D) accounting for ap-
proximately one-third of cases.2,3 Symptoms of IBS-D include diar-
rhea, abdominal pain, urgency, and bloating; these can vary greatly 
in severity and can have a considerable impact on patients’ quality 
of life.4-8

Abdominal pain is a cardinal symptom of IBS and is a key el-
ement of the Rome IBS diagnostic criteria.2,3 Abdominal pain 
experienced by patients with IBS is often unpredictable and de-
bilitating and is one of the primary reasons patients with IBS-D 
seek medical advice.9 It is also a key determinant of health-re-
lated quality of life10 and patient-reported symptom severity.11 
Currently, clinical trial measures of abdominal pain often assess 
worst daily pain using 11-point numerical rating scales; however, 
it has been suggested that other pain dimensions such as intensity, 
duration, frequency, and predictability should be considered.12

Adequate treatment of abdominal pain remains a significant 
challenge in IBS. Moreover, assessing the effect of new treatments 
on abdominal pain in clinical trials is difficult for a variety of reasons, 
including the subjective nature of patient-reported outcomes and 
high placebo response rates.13,14

Eluxadoline is a mixed μ- and κ-opioid receptor agonist and 
δ-opioid receptor antagonist that acts locally in the gastrointestinal 
tract and has been shown to reduce visceral hypersensitivity and 
regulate intestinal motility.15 It is approved by the US Food and Drug 
Administration (FDA) for IBS-D in adults.16 In two Phase 3 clinical tri-
als, eluxadoline 100 mg taken twice daily met the primary endpoint 
of simultaneous improvement in stool consistency and reduction 
in worst abdominal pain (WAP).17 Eluxadoline also demonstrated a 
consistent numerical improvement compared to placebo for the pre-
specified secondary endpoint of ≥30% reduction in WAP on ≥50% of 
days, although these results were not statistically significant.

The aim of this study was to examine the effect of eluxadoline 
on abdominal pain in patients with IBS-D, through analyses of the 
larger, pooled Phase 3 data set. This included exploring several 
alternative WAP endpoint definitions and examining the effect of 
baseline severity and variability as predictors of WAP response to 
treatment.

2  | MATERIAL S AND METHODS

2.1 | Trial designs

Two randomized, double-blind, placebo-controlled, parallel-group 
trials (IBS-3001, NCT01553591; IBS-3002, NCT01553747) were 
conducted in order to evaluate the composite (pain and stool con-
sistency) response to eluxadoline twice daily, relative to placebo, 
in adults with IBS-D. The results of these trials have been reported 

previously.17,18 Patients were assessed according to the Rome III 
diagnostic criteria19 and were eligible for inclusion if, during the 
week before randomization: their average score for WAP was >3.0 
on a 0-10 numerical rating scale; their average stool consistency 
was ≥5.5, with a score of ≥5 on ≥5 days, according to the Bristol 
Stool Scale; and their average IBS-D global symptom score was 
≥2.0 on a scale of 0-4. The total screening (pre-randomization) 
period was 2 weeks, with a third week allowed if not all inclusion 
criteria were met in the second week. Patients were excluded if 
they had any history of inflammatory bowel disease, celiac disease, 
abnormal thyroid function, pancreatitis, sphincter of Oddi dys-
function, postcholecystectomy biliary pain, alcohol abuse, or binge 
drinking. Patients were also excluded due to cholecystitis in the 
past 6 months, intestinal obstruction, gastrointestinal infection or 
diverticulitis in the past 3 months, known opioid allergy, pregnancy 
or breastfeeding, or receipt of antidiarrheal, antispasmodic, or nar-
cotic drugs.17

Following the screening period, eluxadoline 75 mg or 100 mg or 
placebo was given orally twice daily for 52 weeks in IBS-3001 and 
26 weeks in IBS-3002 (weeks 27-52 in IBS-3001 were for safety as-
sessment only and therefore were not included in this analysis). In 
IBS-3002, the 26 weeks of treatment were followed by a 4-week, 
single-blind placebo washout period.

2.2 | Data collection and analysis

Patients recorded WAP scores daily via an electronic diary over the 
182-day study duration. Characterization of responders (for all end-
points) to study drug required ≥110 days with a diary entry; those 
not meeting the diary compliance requirement were considered 
to be non-responders to study drug, regardless of improvement in 
symptoms. In order to reduce accidental coaching bias, investigators 
and their staff were not allowed to access diary records while the 
study was ongoing.

Data from weeks 1-26 of IBS-3001 and IBS-3002 were pooled 
for the statistical analyses. The placebo washout data (Month 7) 

Key Points

•	 Abdominal pain can be challenging to measure. In Phase 
3 trials for irritable bowel syndrome with diarrhea, elux-
adoline did not significantly improve abdominal pain 
compared to placebo.

•	 Various statistical analyses showed a consistent, sus-
tained improvement in abdominal pain with eluxadoline 
treatment. This effect is greater with stricter criteria for 
defining WAP response to treatment.

•	 As abdominal pain can be unpredictable, pain should be 
assessed across a range of measures to gain full under-
standing of a treatment's efficacy.
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were not pooled as this information was collected in the IBS-3002 
trial only. Although data for all treatment arms (eluxadoline 100 mg, 
eluxadoline 75 mg, and placebo) were analyzed for the Phase 3 trials, 
only the eluxadoline 100 mg and placebo data are presented in this 
post hoc analysis. This is because 100 mg is the recommended dose 
for most patients, whereas the 75 mg dose is recommended only 
for patients with hepatic impairment or those receiving concomitant 
OATP1B1 inhibitors.16

WAP responder criteria were prospectively defined as ≥30% im-
provement in daily WAP compared to the average baseline value, 
using the 50% of time rule (ie, daily WAP improvement criterion met 
for ≥50% of days with a diary entry). Baseline WAP was calculated as 
an average based on days −7 to −1 of the screening period (1 week 
prior to randomization). Prospective, alternative WAP responder rates 
at higher WAP improvement thresholds of 40% and 50% based on the 
50% of time rule were also evaluated. Analysis of WAP responder rates 
by baseline pain severity was performed on three stratified subgroups 
with average WAP baseline severity scores of <5, 5–<8, and ≥8, to as-
sess whether those with either milder or more severe pain were more 
likely to respond to eluxadoline treatment. Additionally, prospective 
variations in WAP responder criteria were analyzed as cumulative dis-
tribution functions: The first was a plot assessing how WAP responder 
rates changed when the percent improvement requirement was varied 
and the ≥50% of days requirement was kept constant; the second plot 
assessed how WAP responder rates changed when the percent of days 
aspect was varied and the ≥30% improvement in pain criterion was 
kept constant. These analyses allowed us to observe how the propor-
tion of WAP responders varied as the criteria changed.

Due to the unpredictable nature of IBS-D symptoms, calculating 
baseline values based on a longer time period could lead to a more 
accurate reflection of patients’ true pain severity. Therefore, post 
hoc analyses of WAP responder rates using different time periods 
during the screening phase to calculate baseline WAP were per-
formed. The baseline average WAP score was calculated based on 
days −14 to −1, days −21 to −1 (whole screening period), days −14 to 
−8, and days −21 to −15.

Pairwise, two-sided Cochran-Mantel-Haenszel tests were used 
to assess treatment effects for eluxadoline 100 mg vs placebo, ex-
cept for the analysis of different WAP baseline scores, for which 
Fisher's exact test (two-tail) was used. Analysis of covariance was 
used to assess WAP change from baseline for the daily scores (pro-
spectively defined).

To ensure that no additional variance was introduced through 
pooling the data from two clinical trials, an analysis using a mixed 
effect model with study identity as a random effect and baseline 
WAP as a covariate was conducted, and the corresponding intraclass 
correlation coefficient was calculated.

3  | RESULTS

3.1 | Demographics

Of 1615 patients in the pooled data set, 806 were in the eluxado-
line 100 mg group and 809 were in the placebo group. Although 809 
patients were in the original eluxadoline 100 mg intention-to-treat 
group, two patients (one from each trial) tried to participate at more 
than one study site, and one patient received a dose of eluxadoline 
but did not undergo randomization; therefore, these three patients 
were not included in this analysis.17 Patient demographics were well 
matched between groups, including sex (66.7% and 65.1% female, re-
spectively) and mean age (45.0 and 46.4 years, respectively). Almost 
two-thirds of patients in each group reported an average WAP score 
at baseline of between 5 and 8 (Table 1). Diary completion was com-
parable across treatment arms.

3.2 | Daily WAP scores

Daily WAP scores showed a relatively rapid improvement over the 
first 2 months of treatment for both eluxadoline and placebo treat-
ment groups. After this time period, the scores plateaued and were 

 
Eluxadoline 100 mg 
(n = 806) Placebo (n = 809) P value

Female, n (%) 538 (66.7) 527 (65.1) .529

Mean age, years (SD) 45.0 (13.6) 46.4 (14.0) .043

<65 years, n (%) 732 (90.8) 707 (87.4) .031

Mean BMI, kg/m2 (SD) 30.8 (7.8) 30.2 (7.1) .115

Prior loperamide use, n (%) 296 (36.7) 282 (34.9) .467

Prior cholecystectomy, n (%) 171 (21.2) 158 (19.5) .422

Baseline WAP score, n (%)     .679

<5 185 (23.0) 180 (22.2)  

5–<8 523 (64.9) 519 (64.2)  

≥8 98 (12.2) 110 (13.6)  

Note: P values were calculated using Fisher's exact test (two-tailed).
Abbreviations: BMI, body mass index; SD, standard deviation; WAP, worst abdominal pain.

TA B L E  1  Patient demographics and 
baseline characteristics
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sustained over the remainder of the study period (Figure 1A). While 
daily WAP scores decreased in both groups, separation of the curves 
in favor of eluxadoline was evident after approximately 1 week of 
treatment. At Week 26, the average change from baseline was −3.4 
for eluxadoline and −3.0 for placebo (P = .002).

The percentage of patients meeting the daily WAP response crite-
rion (≥30% improvement from baseline) also increased rapidly after the 
start of treatment before plateauing after approximately 1 month for 
both eluxadoline and placebo treatment groups (Figure 1B). Notably, 
a high percentage of patients on placebo regularly achieved ≥30% 
WAP improvement on a day-by-day basis, with over 50% of placebo 
patients achieving it on any given day after the first 6 weeks. Despite 
this, a non-significant but consistently higher WAP response rate was 
observed for eluxadoline compared to placebo when applying the 
50% of time rule over the 26-week period for the 30% WAP response 
threshold (48.3% vs 44.0%, respectively; P = .086).

The analysis across studies using the mixed model yielded an in-
traclass correlation coefficient of 0, implying that no observed vari-
ance was introduced by pooling the two Phase 3 trials. Using this 
method, the interpretation of the results from the mixed model is 
consistent with that of the original analysis.

3.3 | WAP responder analysis: Effect of varying the 
percentage of pain improvement from baseline while 
keeping the ≥50% of days requirement constant

A cumulative distribution function analysis showed that more pa-
tients treated with eluxadoline were WAP responders compared to 
those on placebo for all WAP percentage improvement thresholds 
when applying the 50% of time rule (Figure 2). The overall magni-
tude of effect was greater and statistically significant when higher 

F I G U R E  1  A, Daily raw abdominal pain 
scores. B, Percentage of patients meeting 
30% WAP response criteria daily (pooled 
data). WAP, worst abdominal pain
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threshold levels were examined. For example, at a threshold of 
40% improvement in WAP compared to baseline on ≥50% of days, 
44.2% of eluxadoline-treated patients and 37.7% of placebo-treated 
patients (P  =  .008) qualified as WAP responders, while for a 50% 
threshold, 38.7% of eluxadoline-treated patients and 32.5% of pla-
cebo-treated patients (P = .009) qualified as WAP responders.

3.4 | WAP responder analysis: Effect of 
varying the percentage of days with improvement 
while keeping the ≥30% pain improvement from 
baseline requirement constant

A cumulative distribution function (Figure 3) assessed the percentage 
of patients achieving ≥30% reduction in WAP for different percent-
ages of WAP responder days. A greater percentage of patients treated 
with eluxadoline met the WAP responder criteria for any given thresh-
old, with greater separation at higher response thresholds.

3.5 | Abdominal discomfort

Abdominal discomfort was also measured as a separate endpoint 
in the IBS-3001 and IBS-3002 trials, in line with the then-current 
Rome III IBS diagnostic criteria (now superseded by Rome IV). 
Interestingly, a significantly greater number of patients in the elux-
adoline 100 mg treatment arm met the abdominal discomfort re-
sponder criteria of ≥30% reduction in worst abdominal discomfort 

on ≥50% of days (n = 380, 47.1%) compared to placebo (n = 322, 
39.8%) [Table S1].

3.6 | WAP response during placebo washout period

During each month in the IBS-3002 trial, a numerically greater, but 
statistically insignificant, percentage of eluxadoline-treated patients 
met the ≥30% WAP response criterion, based on the 50% of time rule 
(Figure 4) [largest difference seen in Month 6: 46.9% for eluxadoline vs 
40.6% for placebo]. However, in the 4-week, blinded placebo washout 
period (Month 7), where both treatment arms received placebo, this 
effect was no longer observed; the separation between treatment arm 
WAP response rates fell to 0.3%.

3.7 | WAP responders by baseline pain severity

There were higher proportions of WAP responders in the eluxado-
line group compared to the placebo group for all baseline pain se-
verity categories. The differences were not statistically significant 
for any group for the 30% improvement threshold nor for the 40% 
and 50% thresholds for moderate (numeric rating scale [NRS] score 
5–<8) or severe (NRS score ≥8) baseline pain categories (Figure 5). 
However, a significant difference between treatment groups was 
observed for the overall populations in the 40% and 50% threshold 
groups (P =  .008 and P =  .009, respectively), as well as in patients 

F I G U R E  2  Pooled data, cumulative distribution function: 
percentage of patients who were WAP responders based on 
achieving various levels of pain improvement compared to baseline 
over weeks 1-26, while keeping the ≥50% of days criterion 
constant. WAP, worst abdominal pain
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with mild (NRS score <5) baseline pain for both the 40% and 50% 
thresholds (P = .021 and P = .020, respectively).

3.8 | WAP responders by different baseline periods

When the baseline WAP score was calculated using data from days 
−14 to −1 and −21 to −1, rather than days −7 to −1 (data not shown), 

the percentage of placebo-treated patients subsequently meeting 
the WAP responder criteria decreased slightly, and the difference 
between the eluxadoline and placebo groups increased by approxi-
mately 1 percentage point. While this approach meant that the effect 
of eluxadoline achieved statistical significance (P < .05), the negligible 
increase in separation compared to the prespecified baseline calcula-
tion used (days −7 to −1) suggests that in these trials, the baseline 
score calculation period did not greatly affect the findings.

F I G U R E  4  Proportions of WAP 
responders by month (IBS-3002 only), 
including the placebo washout period 
(Month 7). NS, not significant; WAP, worst 
abdominal pain
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4  | DISCUSSION

Abdominal pain is an important target of any new IBS-D treatment 
and, as such, assessment of abdominal pain response should be 
performed across a range of measures. Acknowledging that the 
magnitude of the difference from placebo is modest, results from 
these multiple analyses demonstrate that eluxadoline reduces pain 
compared to placebo, whether this is statistically significant or nu-
merically consistent. In particular, this pooled analysis of Phase 3 
trials showed that eluxadoline 100 mg twice daily demonstrated 
a rapid onset of response in improving WAP scores and contin-
ued separation of the eluxadoline and placebo curves throughout 
the treatment duration, in terms of both daily WAP scores and 
the percentage of patients meeting different thresholds for WAP 
response. This effect is further supported by the loss of WAP re-
sponse observed during the blinded placebo washout period in 
IBS-3002.

It is worth noting that more than 40% of placebo-treated patients 
achieved the prespecified WAP responder criteria over the 26-week 
treatment period. The high placebo response in these trials may 
partly explain the modest treatment effect observed. A high placebo 
effect is a common occurrence in IBS trials, and is recognized as a 
major reason for the large number of late-stage failures seen his-
torically in the development of new IBS treatments.20 Interestingly, 
patients with IBS have even been shown to respond to placebo in an 
unblinded setting.21,22

The reasons for the high placebo responses in this and other 
IBS-D trials are not understood and are likely to involve multiple 
factors. IBS-D is associated with psychiatric comorbidities and so-
matization, therefore a positive patient-practitioner relationship 
may have a profound effect on the measurement of patient-re-
ported outcomes such as pain.23 In this clinical trial setting, the 
placebo effect may be heightened by both the discontinuation 
of IBS-D medications during the screening period, potentially 
increasing the perception of pain followed by a perceived sense 
of relief upon blinded study drug initiation, as well as the daily 
pain assessments which could have improved pain perception 
through a similar mechanism to that observed in response to a 
patient-practitioner relationship. In future clinical trials, employ-
ing a single-blind placebo run-in period between screening and 
treatment start may mitigate this effect. Several other tactics for 
improving IBS clinical trial design have also been suggested, such 
as including a third “no treatment” arm.13

Interestingly, the actual WAP response rates observed for eluxa-
doline in IBS-D were similar to those seen for linaclotide in IBS-C 
trials, although the placebo response was notably lower in the lina-
clotide trials.24-26

A further reason for the apparently small effect size may re-
late to challenges faced in the measurement of abdominal pain in 
IBS-D trials. Pain is a multifaceted symptom for which frequency 
and predictability, as well as intensity, are important consider-
ations. While applying the 50% of time rule with a specified pain 
intensity improvement as a responder criterion helps to account for 

this,12 assessing pain response in IBS-D trials remains challenging. 
The self-reported nature of WAP may be subject to variability over 
time; patients may adapt to a less painful reality with treatment and 
thus tend to overrate milder pain, or they may be unduly reliant on 
the most recent pain experience when reporting once daily, thereby 
over- or underestimating their true experience. While Ballou et al27 
demonstrated that baseline pain variability was a predictor of WAP 
placebo response in IBS-C patients, our analyses (using a logistic re-
gression model including baseline WAP standard deviation by treat-
ment interaction term, noting that the WAP responder definition is 
a function of baseline) in patients with IBS-D failed to demonstrate 
any predictive capability of baseline pain variability for WAP re-
sponder rates (data not shown).

WAP was advocated as the most appropriate measure for ab-
dominal symptoms by the FDA, due to the expectation that pain is 
experienced with more significant intensity than discomfort,28 but it 
is worth noting that a significant effect for eluxadoline was observed 
for abdominal discomfort.

In the FDA guidance, the ≥30% improvement in WAP was pro-
posed based on experience with other chronic pain conditions. This 
value has not been fully validated in an IBS population with respect 
to the method of data collection in this study; however, Spiegel et al 
(2009)29 found that the mean clinically important difference using a 
10-point NRS to measure abdominal pain in IBS was 2.2 points, corre-
sponding to a 29.5% reduction in abdominal pain. In comparison with 
our analyses, Spiegel et al used registry rather than clinical trial data, a 
10-point scale rather than an 11-point scale, no averaging of baseline 
pain, and most importantly, no collection of daily pain scores. Despite 
substantial differences in methodology, Lembo et al documented an 
average reduction of 3.0 vs 2.6 points (eluxadoline 100 mg vs pla-
cebo) in Phase 3 trials (raw scores, pooled data, non-dichotomous).17

Additional analyses at higher WAP response thresholds (eg, 40% 
or 50% improvement) were also prospectively recommended.28 It is 
interesting to note that the ≥30% daily WAP response criterion was 
met by more than half of all placebo patients on every study day after 
approximately 5-6 weeks of treatment. This suggests that the 30% 
threshold may not be the most appropriate for the studied population. 
Indeed, at thresholds of 40% or 50% reduction in WAP on ≥50% of 
days, the benefit of eluxadoline compared to placebo was statistically 
significant. Future studies should seek both to replicate and to vali-
date a higher WAP improvement threshold for patients with IBS-D.

While patient-reported severity of IBS-D at baseline (mean se-
verity score calculated over the week preceding randomization) did 
not have a significant effect on the WAP response to eluxadoline at 
the 30% improvement threshold, the proportions of WAP respond-
ers were clearly and consistently higher for the eluxadoline group 
compared to the placebo group for all severity categories.30 Those 
with mild pain were significantly more likely to achieve a ≥40% or 
≥50% improvement in WAP with eluxadoline compared to placebo.

In the eluxadoline trials, a 2- to 3-week screening period was re-
quired, with the average of the WAP scores in the final week prior to 
randomization (days −7 to −1) calculated to obtain the baseline value. 
When the baseline WAP score was calculated using a longer baseline 
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period, there was a slight increase in the difference between the 
eluxadoline and placebo groups, resulting in statistical significance. 
This negligible increase in separation compared to the prespecified 
calculation using days −7 to −1 may be serendipitous, but suggests 
that baseline intervals of at least 14 days may be important in assess-
ing pain differences in IBS-D.

Importantly in the context of other medications used to treat 
pain, eluxadoline demonstrates activity at the µ- and κ-opioid re-
ceptors, leading to potential concerns regarding its abuse liability. 
However, at doses used in clinical trials for up to 1 year, no evidence 
of abuse potential or dependence has been observed.31

These data should be viewed in light of statistical limitations. 
While post hoc analyses are a useful tool for conducting a detailed 
analysis of a specific clinical trial endpoint, they can produce random 
results falsely interpreted as valuable information. It should also be 
noted that despite some statistically significant findings, the effect 
sizes were generally small. Additionally, no statistical adjustments 
were made a priori to allow for more than two analyses (ie, based on 
the two doses in the clinical trial).

The chronic and unpredictable nature of IBS-D, with its wide 
variations in symptom severity, means that a reliable and sustained 
reduction in abdominal pain is pivotal to achieving effective long-
term management of the condition. In this pooled analysis of clinical 
trials, eluxadoline provided a consistent, clinically meaningful im-
provement in abdominal pain in patients with IBS-D.
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