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Abstract

Background: Patients withrritable bowel syndrome with diarrhea (IEY experience a
range of abdeminal and bowel symptomisgcessful managememtjuiresalleviation of this
constellation of symptoms. Eluxadoline, a locally active mixeghf «-opioid receptor
agonist and 0-0pioid receptor antagonist, is approved for the treatment of IBS-D in adults
based onheresults of two Phase 3 studidladar plots can facilitate comprehensivisual

evaluation eftiverse but interrelateefficacy endpoints.

Methods. Twe-double-blind, placeboentrolled, Phase 3 trials (IB¥001 and IBS-3002)
randomized,patients meeting Rome lll criteria for{B$o twice-daily eluxadoline 7%r 100

mg or placebo. &dar plots were prepared showpapledWeeks 26 esponse ratdsr the
primary efficacy'‘compositendpoint (simultaneous improvement in abdominal pain and stool
consistency;)stool consistency, abdominal pain, urgefregdays,and adequate reliednd
change from baseline to Week 26 B&'D global symptom score, abdomirticomfort,

abdominal pain, abdominal bloating, and daily number of bowel movements.

Key Results The studieenrolled 242&atients. EluxadolineincreasedVeeks 126

responder proportionss. placebo for the composite endpoint, stool consistency, abdominal
pain, urgencyifeedays, ancdequate relief Changes from baseline to Week 26 in IBS-
global symptom score, abdominal discomfort, abdominal pain, abdominal bloating, and

number of bowel movements were ger with eluxadolines. placebo

Conclusiors & Inferences Datapresentatiomn radar plot format facilitates interpretation
across multiple domains, demonstrating tlakadoline treatmenéd to improvements vs.
placebo across 13 endpoints representing the rdreyenptoms experienced by patientsh
IBS-D.

KEYWORDS

Abdominal pain; diarrhea; eluxadolingiitable bowel syndromeadar plots
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e Data presentation in radar plot format can faciliesaluation of the diverse array of
symptoms and outcomes that are relevant to a symptom-based condition likeirritabl
bowel syndrome with diarrhea (IB3}

¢ Intwo Phase 3 trials, eluxadoline treatment improved stool consistency quelrfcy,
abdominal'pain, bloating and discomfort, feelings of urgency, global symptom score, and
adequate relief

o Radar plots provide a visual demonstration of improvements with eluxadoline across 13
endpoints encompassing the diverse constellation of symptoms experienB&iby

patients

Abbreviations: BSFS, Bristol Stool Form Scal&SS, global symptom scon&sS, irritable
bowel syndrome; IB®, irritable bowel syndrome with diarrhe@b, standard deviation

1 | INTRODUCTION

Irritable bowel syndrome (IBS) & common gastrointestinal disorder estimated to affect up to
20% of adults in the US population, with the diarrhea subtype [IB&«perienced by
approximatély.40% opatients with IBS"? IBS-D is characterized by recurring abdominal

pain associated with loose, frequent stools in the absence of demonstrable organic¢ Hisease

Whilst abdominal pain and diarrhea are the cardinal symptoms eD|B&tients may
experience &road range of abdominal and bowgiptoms® including abdominal bloating
and distentiod,unpredictable bowel patterns involving both form and frequesmuy fecal
urgency and.incontinené€:® Symptoms such as bloating and urgency are common iDIBS-
andmaybe extremely bothersomgreatlyimpacing patients’ daily lives. In a survey
including1001.patients with IB®, loss of bowel control or fecal incontinence was reported
as the most'bethersome sympttfhSymptoms of IBSD can range from mild and
intermittenttomore severe and continuongh abdominal pain and bloating being strongly

related to.pefceived disease severity

Traditionally, pharmacologic management has primarily involved addressing specific
symptoms, with limited evidence that magwisting treatments effectively control the
multiple symptoms of IBE.*® In one study, more thdralf of patientswith IBS-D reported

inadequate symptom control withe currently available medication optidfisIBS-D is
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associated with aubstantial eenomic burden in terms of its impact on work productivity and
healthcare resouraese and patients with inadequate symptom conisalsignificantly more

healthcare resources and incur significantly greater.tbSts

Eluxadoline, a mixed pand k-opioid receptor agonist @mb-opioid receptor antagonist
approved forthe treatment of IBS-D in addftbas demonstrated efficafiyr multiple IBSD
symptoms,.based owo large Phase 3 trials.igfificantly greater proportions of patits
receiving eluxadolinevere respondenss. placebo based on a primary composite endpoint
consistingefisimultaneousaduction in abdominal pain and improvement in stool
consistency’ Fukther analysesemonstratedustained benefiia patients with BS-D, as
more thartwo-thirds of patients who we composite or adequate relirebpondersvith
eluxadoline over the first month of therayained their responseroughout 6 months of

treatment-®=Furthermore, multiple secondary endpoints were improved across both trials.

Measurement.of treatment effects in IBS is inherently multivariate, necessitating presentation
formats that.can accommodate multiple measures simultaneously. Radar plotfuaferuse
visually presenting complex multivariate data across multiple domains or agd¢ora single
graph andnwa 'simple easily interpretablenanner®?° These graphs have been used to
analyzeand present data across a variety of areas of medical redearcimonitoring of

chronic liver.disease to brain injury rehabilitation, mapping of medication dispewosing f

atherosclerotic cardiovascular disease, and assessment of sleep dissiffance

We report data-frorthe two Phase Studiesof eluxadoline anditilize radar plots tpresent
thewide range ofefficacy measureassessednd addresthe spectrum of symptoms

experiencedby patientath IBS-D in two simple graphical representatsn

2 | MATERIALS AND METHODS

2.1 | Study'design

Two double-blind, placebo-controlled, & 3 clinical trials (IBS001;
https://cliniealtrials.gov/INCT01553591 and IBS-3002; https://clinicaltrials.gov/:
NCT01553747) randomized patients 1:1:1 to twice-daily treatment with eluxadoling @6 m
100 mg omplacebothe methodology and results of these staidave beenlescribed

previously'” Both studies comprised an identical\@6ek treatment period BS-3001 was
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followed by a 26week safety assessmewntth a 2week follow-up period, while IBS-3002

was followed bya 4week single-bnd placebo withdrawal period

These studies were conducted in compliance with the principles of the licieahat
Conference on Harmonisation tripartite guideline E6(R1): Good Clinicali€autd
according to.the Declation of Helsinki. The institutional review board or ethics committee
at each participating site approved the protocols, and all patients provitted wformed

consents
2.2 | Studyrassessments

Participants recorded daily and weekly assessmemBSad symptoms and bowel function
using an electrohic diary with an interactive voice response systéindominal pain in the
past 24 hours was reported daily on an 11-point scale, where 0 indicates no pain and 10
indicates worst pairmaginable. Stool consistency was reported daily oBttstol Stool

Form ScaleBSFS, a 7point scale where 1 indicates hard stool and 7 indicates watery
diarrhea® IBS-Dsyglobal ymptomscore GS9 in the past 24 hours was reported daily on a
5-point scale, where 0 indicates no symptoms and 4 indicates very severe symptoms.
Adequaterelietvas assessed once weekly with a dichotomous response to the following
question: “Over the past week, have yad adequate relieff your IBS symptoms?”.
Abdominalbleating in the past 24 hours was reported daily on an 11-point scale, where 0
indicates no bloating and 10 indicates worst bloating imaginable (abdominal bloatugg rati
were not collected in the Spiah language version of the electronic diary). Abdominal
discomfort'in the past 24 hours was reported daily on an 11-point scale, where 0 indicates no
discomfort and 10 indicates worst discomfort imaginable. Number of bowel movemednts a
number ofiurgecy episodes over the past 24 hours were recorded daily.

2.3 | Patient population

The studieS"&fifolled patients aged 18y&8rsmeeting the Rome IlI criteria for IBB.*"?°

During the"week prior to randomization, eligible patients were required to report an average
worst abdominalpain scooé >3.0, an average BSFS score>6f5, and an average IBS-D

GSSof >2.0. Key exclusion criteria were the presence of inflammatory bowel disease or

celiac disease, abnormal thyroid function, history of alcohol 4baséinge drinking® prior
pancreatitis, sphincter of Oddi dysfunction, pclsblecystectomy biliary paj cholecystitis in
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the past 6 months, intestinal obstructiongastrointestinahfection or diverticulitis in the

past 3 months.
2.4 | Efficacy endpoints

As previously reportet, the primary efficacy endpoint of both studies was composite
response defined as daily improvement% in worst abdominal pain score VS. average
baseline_pain and, on the same day, a BSFS score of <5 or the absence of a bowel movement
if accompanied bwan improvemendf >30% in abdominal pain score, 860% of treatment

days. Abdominal pain response was defined &g idaprovement 0£30%, >40%, or >50%
vs.average baseline pain f8§0% of days with diary entries. Stool consistency response was
defined as a BSES score of <5x0% of treatment days, or the absence of a bowel

movement if accompanied by an improvemert3if% in abdominal pain score. Adequate

relief response was defined as a weekly “yes” raspdor>50% of treatment weeks.
Urgencyireesresponders were calculated using criterias6fs or >75% of days with no

diary entry-of.urgency episodes. Response rates were evaluated over 26 weeks, requiring a
minimum of 110 diary-entry days for a patient to be considered as a responder. Additionally,
changedrom baselingo Week 26 inBS-D GSS,abdominal discomfort, abdominal pain,

abdominakbloating, and number of bowel movememseassessed
2.5 | Data'analyses

Statistical analyses for the Phase 3 trials have been despréheously’’ In brief, efficacy
data from the two Phase 3 studies were pooled, with analyses performed on the-inéat-
anaysis set:Nerfimputation for missing data was performed, as diary compliance rules
accounted for absent diary entrigzatents with insufficient diary data wecategorizeds

non+esponders.
2.6 | Generation of radar plots

Response. rates over Week were displayed in radar plot format, witle composite
endpoint and adequate relief endpoint at the 12 and 6 o’clock positions to serve as anchors
and the two components of the composite endpoint (stool consistency ane3pé&in [
improvement from baseline]) flanking the composite endpoint, with other endpmnisegl

by similarity. Chages from baseline to Week 26 were presented in a similar fashion, with

the global symptom measure IBS-D GSS at the 12 o’clock anchor position. Siocdythe
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statistical adjustment madepriori was for the examination of two doses,Rigalues are

presented for this multiple endpoint presentation.

3 | RESULTS

3.1 | Baseline demographics and diseasharacteristics

Across both studie2428patients were enrolled282in IBS-3001; 1146 in IBS-3002).

Patient demographics and baseline characteristics were balanced betweenitidesishaal

studies and.across treatment grotipMean age (standard deviatjomas 44.9 (13.7) in IBS-

3001 and 45.9 (13.5) in IBS-3002, with a greater proportion of female patients in both studies
(IBS-3001165.4%; IBS3002: 67.0%). In the pooled Phase 3 population, baseline disease
characteristiCs were similar between treatment groups (Table 1)

3.2 | Propertions of responders over Weeks-226 in the pooled Phase 3 trial population

Treatment.withreluxadoline improved the rangef@itacy measureassessedsv placebo

over Weeks 126, with a visible separation of response between eluxadoline and placebo
observed for all'measureSigure 1). Composite responder proportions have been described
previously;-andvere26.7% (216/808) and 31.0% (250/806) with eluxadolinengmnd 100

mg, respeetivelyys. 19.5% (158/809) with placebB<.001 vs. placebo for both

comparisons}’

Proportions of respondets eluxadoline were greater than placebo for symptom components
of the composite endpoint: 31.1% (251/808) and 36.8% (297/806) of patients were stool
consistency responders with eluxadolftemg and 100 mg, respectively, vs. 23.9%

(193/809) with placebo, and 46.3% (374/808) and 48.3% (389/806) were abdominal pain
responders witheluxadolings mg and 100 mg, respectively, vs. 44.0% (356/809) with
placebo using:the criteria @80% improvement from baseline. Responder proporions with
eluxadolinesg=placebo were also higher with criteria>0% improvement or >50%
improvementfrom baseline in abdominal pain, with 41.5% (335/808) and 44.2% (356/806) of
patients withreluxadoline 7#g and 100 mg, respectively, vs. 37.7% (3Q8/Bwith placebo
meeting the>40% improvement response criteria, and 36.4% (294/808) and 38.7% (312/806)

of patients with eluxadoline #hg and 100 mg, respectively, vs. 32.5% (263/809) with
placebo meeting the50% improvement response criteria.
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Adequaterelief responderateswere greater with eluxadoline vs. placebo, with 49.0%
(396/808) and 51.5% (415/806) of patients responding with eluxadolimg @hd 100 mg,
respectively, 8. 41.8% (338/809) with placebo.

Urgency-free days responder proportions were greater with eluxasslipl@cebo for both
the>75% urgencyfree days and the50% urgeny-free days response criteri26.3%

(214/808) and 27% (224/806)of patients were75% urgency-free days respondevgth
eluxadolinesBmg and 100 mg, respectively, vs. 16.6% (134/809) with placebo, and 44.6%
(360/808) and45% (365/80§ were>50% urgency-free days responders with eluxadoline
75mgand/100 mg, respectively, vs. 33.8% (273/809) with placebo.

3.3 | Change fram baseline to Week 26 in the pooled Phase 3 trial population

Patients treated\with eluxadoline displayed larger cleafigen baseline to Week 26.v
placebo across adffficacy measures assessed, witiservableszisual separation between the
eluxadoline and placebo treatment arms (Figure 2). WeegfnlBS-D GSSdecreased
from baseline to Week 26 by 1.5 points in both eluxadoline 75 mg (n=515) and 100 mg
(n=528) cahorts va decrease df.3 pointswith placebo (n=526)

Eluxadolinetreatmenimproved abdominal discomfort, pain, and bloatingmacebo:

weekly mean abdominal discomfort scores decreased from baseline to Week 26 by 3.3 and
3.4 points with eluxadoline 75 mg (n=515) and 100 mg (n=528), respectively, vs. 2.8 points
with placebo (n=526); weekly mean abdominal pain scores decreased by 3.3 and 3.4 points
with eluxadeline, 75 mg (n=515) and 100 mg (n=528), respectively, vs. 3.0 patimts

placebo (n§26)s and weekly mean abdominal bloating scores decreased by 2.6 and 2.8 points
with eluxadoline 75 mg (n=416) and 100 mg (n=438), respectively, vs. 2.3 pdimts w
placebo(n=419).

Patients receiving eluxadoline also reported improved bowel movement frequenay, with
daily mean=nmber of bowel movements decrease @ffor both eluxadoline 75 mg (n=515)

and 100 mg(n=528) vs. a decrease of 1.6 with placebo (n=526).
4 | DISCUSSION

Presentation gbooledefficacy data from two large Phase 3 studies in radas plot

demonstrates that eluxadoline treatmeférs benefitsacrossa broad range of abdominal and
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bowel symptoms experienced by patients with IBS-D, including abdominal pain, bloating,
diarrhea (stool consistency and frequeneydfecal urgency Two global measures

commonly used to assess treatment efficacB8iD, adequate reliehind GS$Swerealso

improved, further illustrating the broaenging effects of eluxadolinélhese improvements
areevidenced-by the separation observed between the data points for eluxadoline vs. placebo
on each axis of the radar plots presented; although the magnitude of improvement vs. placebo
is less strikingformeasures such as abdominal pain, the plots paint giatiear of

consistencyand robustness ifavor ofeluxadoline.

These data support and extend the previously repbeteefits ofeluxadolinefor the

treatmenbf patients with IBSD. Proportions of stool consistency responders and abdominal
pain responders’ (using a criteria>300% improvement from baseline) were similar in the
individual Phaser3 triatéand in the pooled populatimver Weeks 126, and proportions of
adequate reliefesponders over Weeks 1-12 in the individual stiivesre similar to those

seen acrog@/eeks 126 in the present analyseBroportions of abdominal pain responders
using criteria 040% and >50% improvement from baseline in the poted Phase 3
populationwere similar across Weeks 12" and Weeks426. Across both Weeks 1212

and Weeks 126, similar changes from baselindB5-D GSS, abdominal pain, abdominal

bloating, andsaumber of bowel movements were observed in the pooled Phase 3 population.

Effective managemerstrategies fotBS-D, particularly in patients with moderabe more

severe disease, requireatments that address not otflg primary symptombut also the

range of symptoms experien¢aacludingpain, bloatingand urgency, which may be
particularly bothersome for patientExisting treatments have been shown to be beneficial for
specificsymptoms or groups of symptoms for IBS-D, such as antidiarrheals for normalizing
stool consistency and antispasmodics for relief of abdominal pain; however, the evidenc
supporting the-efficacy of many pharmacological therapies in providing global rfelli&$-®
symptoms'i§Vatiabl&'*2°* The data presented in this study therefuggest that

eluxadoline“prevides a valuable new option for the management dDIBS-

This analysis'shou)doweverpe interpreted in the light of certain limitations tlas data for
the range of endpoisipresented were not normalizaad so do not permijuantitative
comparison of the magnitude of changes observed with eluxadoline between diffiecany
measures. Radar plots in this instance are therefore bedttsuviding a visually

compelling argument to support the robustness of the eluxadoline data across numerous
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endpoints and as an aid to interpreting previous analyses. Althouglrtéetanalysis is
limited to a qualitative description of the data, a consistent pattern of greater imertge
with eluxadoline vsplacebais observed, which would not be presiérthe datessupporting
the efficacy deluxadoline were less robust.

The use of radar plots to displafficacy data from two large PhasstBdiedfacilitates

simultaneous interpretation of data across multiple domains, supporting previongdiadd
demonstratingsthat treatment with eluxadoline led to consistent improvementsebopla

across 13 endpeints representing the range of abdominal and bowel symptoms experienced by
patients with IBSD. The robustness and consistency of these data suggest that eluxadoline

treatment provides effective global relief of HEESsymptoms.
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TABLE 1 _Baseline symptom scores: pooled Phase 3 population

Placebo Eluxadoline 75 mg Eluxadoline 100 mg
(n=809) (n=808) (n=806)
Weekly stool 6.24 (0.41) 6.25 (0.40) 6.25 (0.42)
consistency, mean
(SD)
Weekly abdominal 6.14 (1.53) 6.07 (1.53) 6.07 (1.51)
pain, mean{(SD)
Weekly IBSD GSS, 2.85 (0.55) 2.78 (0.54) 2.83 (0.53)
mean (SD)
Weekly abdominal 5.90 (2.08) 5.81 (2.02) 5.73 (2.07)
bloating, mean(SD)
Weekly abdominal 6.33 (1.50) 6.28 (1.53) 6.22 (1.51)
discomfort, mean
(SD)
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Daily number of 4.85 (2.52) 4.78 (2.53) 4.95 (3.60)
bowel movements,

mean (SD)

Daily number of 3.55 (2.40) 3.45 (2.21) 3.50 (3.25)
urgency episodes,

mean (SD)

Stool consistency score was reported on a 7-point scale, whetedteshard stool and 7
indicateswatery diarrhea; abdominal pain score was reported on an 11-point scale, where 0
indicatesno_pain and lihdicatesworstpainimaginable; IBSD GSS was reported on a

5-point scale, where 0 indicates no symptoms and 4 indicates very severe symptoms;
abdominaldloating score was reported on an 11-point scale, where 0 indicates no bloating
and 10 indicates worst bloating imaginable; abdominal discomfort score wasdepoidn
11-point scale, where 0 indicates no discomfort and 10 indicates worst discomtpraibie.
Patients were asked to record the number of bowel movements andyuegésodes daily

over the past 24 hours.

%Patients wha responded to ihéeractive voice response systéams in Spanish were not
presented with the bloating item: placebo, n=670; eluxadoline 75 mg, n=687; eluxadoline 100

mg, n=691.

GSS,global symptomaore; IBSD, irritable bowel syndrome with diarrhea; SD, standard

deviation.

FIGURE LEGENDS

FIGURE,L Weeks 126 responder rates for composite endpoint, stool consistency, urgency-
free days, ‘adequate relia@id pain with eluxadoline 75 mg and 100 mg vs. placebo: pooled

Phase 3 population.

Stool consistency score was reported on a 7-point scale, whratiedteshard stool and 7
indicateswatery diarrhea; abdominal pain score was reported on an 11-point scale, where 0
indicatesno pan and 10ndicatesworst painimaginable Patients were asked to record the

number of urgency episodes daily over the past 24 hours.
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Composite response was defined as daily improvemert084 in worst abdominal pain

score vsaverage baseline pain and, on the same day, a Bristol Stool Form Scale score of <5
on>50% of treatment days.’ Stool consistency response was defined as for the composite
response. Urgendyee responders were calculated using criteriasofs or >75% of days

with no diary-entry of urgency episodes. Adequate relief response was defined as a weekly
“yes” respons to'the following question: “Over the past week, have you had adequate relief
of yourirritable"bowel syndromsymptoms?” or50% of treatment weeks. Pain response

was defined as daily improvement=#0%, >40%, or >50% in worst abdominal pain score

vs. average baseline pain 280% of treatment days.

®Data reported in Lembo et al 2016.

FIGURE 2*Change from baseline to Week 26 in GSS, abdominal discomfort, pain, bloating,
and number of bowel movements with eluxadoline 75 mg and 100 mg vs. placebo: pooled

Phase 3 population.

IBS-D GSS was reported on a 5-point scale, where 0 indicates no symptoms and 4 indicates
very severe,symptoms; abdominal discomfort score was reported on an 11-pojnisesde

0 indicates:n0 discomfort and 10 indicates worst discomfort imaginable; abdominatqrain s
was reported on an 11-point scale, whenmedcatesno pain and lihdicatesworst pain
imaginable; abdominal bloating score was reported on an 11-point scale, where 0O indicates
bloating and. 20 indicates worst bloating imaginalitatients were asked to record the

number oftbowel movements daily over the past 24 hours.

*Paients who responded to the interactive voice response system items in Spaaisbtwe

presentedwith the bloating item.

GSS,global symptom scordBS-D, irritable bowel syndrome with diarrhea
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Figure 2
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