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Summary

Background: Lubiprostone (8 mcg twice daily) received Food and Drug Administration (FDA)
approvalin,2008or thetreatment otonstipatioapredominant irritable bowel syndrome (IBS

C) in women agea18 yearsIn 2012, the FDA issued new guidance for IBSdinical trials,
recommendingTa composite endpoint incorporating both abdominal pain and stool frequency.
Aims: This post hoanalysisappliedsimilar criteria to data frontwo pivotal, phase 3, double-
blind, randomized trials of lubiprostoiepatients with 1EB-C.

Methods: Included patients haal baselinespontaneous bowel movement (SBM) frequency
<3/weekandabdominal paimr bloatingratings>1.36 on a 5point scale (Qabsent] to 4 [very
severe]).Responders (composite endpoiml a mean pain reduction30% compared with
baselineyand-an increase from baseatiel SBMAweekfor >6 of the 12 treatment weeks.
Lubiprostoneeffects onabdominal paimlone were also evaluated,vasrebloating alone and in

a composite endpoint with stool frequency.

ResultsiIn pooled data325patientsreceivedubiprostone and 18@ceived placehdrates of
responseavere highemwith lubiprostone s placebdfor thecompositeendpoint of improved pain
and stool frequency (26.3% vs 15.3%, respectjehp.008) and the composite endpoint of
improved bloating and stool frequency (23.88612.6%, respectively?=0.012).Response rates
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were alscdhigher with lubiprostone vs placebo for abdominal @éame P=0.005 and bloating
alone P=0.012.

Conclusions: Lubiprostone was significantly more effective than placebo in improving
abdominal pain_or bloating and in composite endpoints that included stool frequency.

I ntroduction

Irritable bowel syndrome (IBS) is a functional bowel disottiat affects approximately 11% of
individualS.worldwide" The identifying symptomsf IBS areabdominal pain or discomfort
associated'witkefecation oaltered bowel habitsvith supportive symptoms that may include
bloating, stfaifiing, a feeling of incomplete bowel movements, and ur§éR8)is categorized
into 3 major subtypes based stool consistencyiBS with predominantonstipation (IBSC),
IBS with predeminantiarrhoegIBS-D), or mixedIBS (IBS-M).?3

Pharmacdlogicaréatment options for patients with IBSare limited® as only 3agents,

including lubiprostone, have receiveé Food and Drug AdministratiofiFDA) approval, and 1
wassubsequentlyvithdrawnfrom US marketing > Lubiprostone, an activator of tigiC-2
chlorideschannebn the apical surface of enterocyteshesmallintesting was approved in 2008
for the treatmént of IBE (8 mcg twice dailyjBID]) in women>18 years of age.® A combined
analysisirom 2placebecontrolled, 12weekphase 3 studie®iind that lubiprostongeatment
waseffectiveand welltolerated” andan operlabel extensiorstudy demonstrateal favausrable
safety and tolerabilitprofile, and preliminary evidence of lortgrmefficacy® The primary

efficacy endpoint in these studies was calculated from weekly assessments of symptom relief
based on asbalanced scale ranging from significantly worse to significantly réelisicedhly
respondersiwere defined as those who rated IBS symptoms as being at least moderately relieved
for all wéeks or significantly relieved for at least half of the weeks of trengnonth’ In

addition, responders could not rate symptoms as moderately or significantly’ Wopséient

was considered an overall respondeéhdy werea monthly responder for at least two of the

three stlidy monthsThis endpoint hasden considered relatively stringent.

In 2012 ,after the approval of lubiprostone for IBS the FDA issued aew guidance for
industry forclinical studies in patients with IBtBat recommended changes to study entry
criteria and endpoinfsCurrent guidance recommends that patients eligible for clinical studies of
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IBS-C have a weekly average of worst daily abdominal pain (in past 24 hours) se8ré @f a
0 to 10 scale and3 complete spontaneous bowel moverséBSBMs) per weelé Regarding
study endpoints, prior studies usestessmentich aghe singleitem Subject’s Global
Assessment of Relief ®BS symptomsthese endpoints do not provide detailed symptom
evaluationsCurrentguidance recommends thee ofcompositeendpointghat measure the
effect of treatment oabdominal pain and stool frequenayajor definingfeaturesof IBS-C.°
Treatmentresponse definedas achievemerdf a decrease30% in weekly average score of
worst abdeminal pain in the past 24 hocwsnpared witlbaseline andnincrease o1 CSBM

per week compared wittaselingfor >50% of treatment days or weeks.®

In consideration of the updated FDA guidangeyetrospectively analysed data from the two,
pivotal, placebo-controlled, phase 3 studiekibiprostone in patients with IBS. The efficacy

of lubiprostone for abdominal pamas assessed in patients with a baseline Ehadbdominal

pain as specified in current guidance. The efficacy of lubiprostone for patientdddiminal
bloating atfaseline was similarly assessed. Finally, we evaluated the efficacy of lubiprostone
using a compesite endpoiot abdominal pain and stool frequency, reflecting current FDA
recommendations for treatment response. A composite endpoint of bloating andesfoerdy

was also.evaluated.

Methods

This post hecranalysis includddta from 2 similarlydesigned phase 3, double-blind,
randomizedyplaceboentrolled studiesf lubiprostone in patients with IBS{NCT00380250,
NCT00399542). Study designs have been described in detail previ@rafly, the studies
consisted of a-4veek baseline/screening period and a 12-week treatment period in which
patients were randomized teceive either lubiprostone (8 mcg BID) or placéRatients in
thesepooledstudiesncluded men and women (nonpregnant and nonlactatiryyears of age
meeting thesRGme |l Modular Questionnairieria for IBSC.” Patientswho were excluded had
previous gastrointestinal or abdominal surgewcept for common causes unrelated to)|BS
organic disorders of the small or large intestine (eg, ulcerative colitis, Cidibaase);

mechanical obstruction; or any medical condition associated with constip#irthan 1BS
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Efficacy Analyses

Each study waanalysedseparately and as a pooled analyAlsincluded patients had
spontaneous bowel movemgBBM) frequency <3/week at baselinmprovement in abdominal
pain by baseline abdomingdin scoreand improvement in bloating by baseline bloating score
wereevaluatedn patientswith baseline pain scores baseline bloating scores, respectivefy,
>1.36 on a.5-poeint scale (0 [absent] to 4 [very severe]). A scaoré.®6 on a 5-point scale
correspondstothe current FE¥A&commended trial entry criteria of baseline miare of>3 on
an 11lpoint'seale (610).° In order b determine whether there were differential effects of
lubiprostone related to different baseline pain or baseline blosgiveyity scoressubgroups of
patients withrespective baseline sceref >1.5, >2.0, >2.5, and >3.0 were also evaluated.
Respondersreredefined as patientsith >30% improvement (mean reduction in pain or

bloatingcompared with baseline) fa weeks of the 12-week treatment period.

Changes in_.abdominal pain and stool frequemese analyseés composite endpoints to match

the treatmentresponder definition recommended by the FDA. A composite endpointiafjbloa

and stool frequencyas also evaluate@omposite endpoints wesmalysed in a similar manner

as individual endpoints (ieatientsincluded in this analysalsohadbaseline pair baseline
bloatingseores of1.36 on a 5point scaleand subgroups gfatients withrespective baseline

scoresof >1.5,>2.0,>2.5, and >3.0 were evaluated Responders weefined as those having a

mean pairor bloatingscorereduction>30% compared with baseline and an increase from

baseline oB1"SBM/week for >6 of the 12 treatment weeks. Complete SBMs were not analysed

because completeness of evacuation was not included as one of the assessments at the time these
studies were conducted, which was prior to the issuance of FDA guidance.

Safety Assessiments
Treatmentemergent dverse events (AEs) were recorded and evaluated for severity and

relationship-to treatment.
Satistical Analyses

Efficacy analysesvere performed in the inteitd-treat (ITT) population, defined as patients who
were randomized to double-blind treatment and receiletbse of study medicatioithe
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CochranMantelHaenszel test strat#d by pooled site was used to determine differences in
response rates between patients treatedluwbiprostone and those who received placine
last observation carried forward method was used to impute mef§icacy dataSafety
analysis was performed in the safety population, defined as patienteedived>1 dose of

study medicationthe analysis is based on the actual treatment received

Results

Patients

The pooledTT population with SBM frequency <3/week at baseline included 505 patients who
were randemized to double-blind lubiprostdresatmen{8 mcg BID; n=325) or placebo (n=180
Figure 1). Study 1 consisted of 170 and 88 patients randomized to lubiprdstatrmenor

placebo, respectively, and Study 2 consisted of 155 and 92 patients randomized to lubiprostone
treatment or placebo, respectivdly placebo and lubiprostorteeatment patients combinesB
(26.4%) and 54 (21.9%pvatients discontinued therapyStudy 1 and Study 2, respectively.
Demographicrand baseline disease characteristics of patients in the ITT population were
generally welkbalanced between the placebo and lubiprostone groups, as welbsishacro
individualstudies and the pooled ays$(Table 1). However, there was a significant difference
in Study 2fer mean (SD) SBM frequency/wedletween patients who received lubiprostone
(1.55 [0.87]) ersts placebo (1.32 [0.94]p<0.05.
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Abdominal Pain and the Response to Lubiprostone

Responseatesin the pooled populatiowith a baseline pain scord .36 were significantly

higherfor patients whaeceived lubiprostone vs placebo (36.7% [106/289] vs 25.2% [41/163];
P=0.005 Figure 2). Response rates with lubiprostone walsohigher vsplacelw in patients

with baselineabdominal pairscores>1.5, >2.0, and>2.5, and>3.0, but possibly because of the

small number-of patients in this subgroup, were not significantly so at the higbelshdapain

level &3.0). In"the individual studiesréatmet response rates between patievith a baseline

pain score1.36 who received lubiprostones placebo were not significantly differeStudy 1:
35.3% (54/153),vs 24.7% (19/77), respectively; Study 2: 38.2% (52/136) vs 25.6% (22/86),
respectively(T able S1). Although not statistically significant, the treatment response rates of the

individual studies were similar to the response rates observed in the pooled studyigrapul

Bloating and the Response to Lubiprostone

Response ratés the pooled populatiowith a baseline bloating scoré .36 were significantly
higherin patients receivingubiprostone compared witllacebo(32.0% [97/303] vs 2@%
[42/167]};P=0.012 Figure 3). In patients with higher baseline bloating scordsy, >2.0, >2.5,
and>3.0), response rates with lubiprostone remaisigdificantly higher than with placebo,
exceptin patients in the2.5 and>3.0 subgroupsvhere a numerical difference was obsented
Study 2, teatment response ratestweernpatientswith a baseline bloatingcore>1.36 who

received lubiprostone vs placebo were significantly different (34.5% [48/139] vs 17.2% [15/87],
respectivelyP=0.019); however, the difference in Study 1 was not significant¥2p19/164]

vs 23.8% [19/80], respectively éble S2).

Composite Endpoints
Abdominal Pain and Stool Frequency

Composite response rates were significahifgher in the pooled populatianith abaseline pain
score>1.36 who received lubiprostone vs placebo (26.3% [76/289] vs 15.3% [25R63))08

Figure 4). Response rates with lubiprostone remasigdificantly higher vs placebm patients
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in baselineabdominalpainsubgroups1.5 and>2.0, but not in the>2.5 and>3.0 subgroups
wherea numerical difference was observadStudy 1, omposite response rates between
patientswith abaseline pain scorel .36 who received lubiprostone vs placebo were
significantly different 25.5% [39/153] vs 13.0% [10/7,AespectivelyP=0.034); howeverthe
difference in.Study 2 was not significant (27.2% [37/136] vs 17.4% [}, 5%pectively,
despite the fact that absolute differesibetweenubiprostone an@lacebaresponse ratesere
similarin the"2"'studie¢T able S3).

Bloating and Steol Frequency

Composite'response ratiesthe pooled population with baseline bloating sear86 were
significantly higher for patienteho received lubiprostones placebo(23.8% [72/303] vs 12.6%
[21/167];P=0.012 Figure5). Response rates with lubiprostone remained high@tacebo for
patientsn baseline bloatg scoressubgroups1.5 and>2.0, but not in the>2.5 and >3.0
subgroups whera numerical difference was observE€dmposite response rates patients
with a baseline bloating scoré.36 werenot significantly different betwegmatients who
received lubiprsetone vs placebo in Study 1 (2%238/164] vs 13.8% [11/80respectively or
Study 2 (2486 [34/139] vs 11.5% [10/87], respectivelygble $4).

Pooled Safety Evaluation

At least ongreatmentemergenAE was reported by 49.4% of patients who received

lubiprostone and 45.3% who received placebo. The most frequently repreggdentemergent

AEs in theoverallpooled population wergastrointestinain nature, and includegiaused7.9%),
diarrhoea4.4%) and abdominal pa{d.4%). The frequency of theg#ds in patients receiving
lubiprostendreatment vs placeboespectivelywerenausea, 9% vs 5.5%; diarrhoea, 4.9% vs
3.3%; and“abdaminal pain, 3.7% vs 5.5%. Of note, 1 patient in the pooled population, a patient
who receivedlubiprostone, experienceddof severe diarrhoea. Study discontinuation due to
diarrhoeaoccurred in 2 patients overall, one who received placebo and omasviieated with

lubiprostone.

Discussion
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In this analysistreatment with lubiprostone sidiwantly improved abdominal pactompared

with placebadn patients witha baseline abdominal palaevel correspondingo the current FDA
recommended trial entry criteriar baselineabdominal painEFurther, lubiprostone significantly
improved bloating vs placehn patients with daseline bloating scord >1.36 on a 5-point
scale, a baseline bloating levieatcorresponds tthat recommended by the FDA for baseline
abdominal\painResponse rates for the comsfie endpoint recommended by current guidance,
improvement'in‘abdominal pain and stool frequency, were significantly higher in patlemts
received lubiprostone compared wittose who receiveplacebo. Response rates for the
composite endpoint of bloating and stool frequency also were highrelwiprostone treatment

vs placebos

The effectssofdubiprostone vs placebo were explored in subgroups of patients with higher
intensity paimar‘bloating scores at baseli(el .5, >2.0, >2.5, and >3.0 on a 5point scal¢ than
those corresponding to the FI@Atry criteria(>1.36 on a 5-point scale). In the pooled analyses,
significant differences favouring lubiprostone treatment vs placebo were gesgreint
subgroups with'higher baseline pairbloating scoregeg, those with score=.0 at baseline),

ard abselutedifferences in response rates with lubiprostoneplescebo weréargerin subgroups
with higherbaseline pair bloating scored.ack of statistical significancen subgroups with
baselinescores 0£2.5 or >3.0 may berelated to small sample siz@se number of patients in
each subgroup decreased with increased baseling astine difference in effect size between

the study armsvaspreserved in these subgroups.

Safety findifigs from the 2 pivotal studieave beemlescribed in detail elséwere’ In this pooled
analysisas has been reported, the most common AEs were gastrointestinal, and lubiprostone
was generally well tolerated. Seveliarrhoeaandstudy discontinuation due tharrhoeavere
seldom seenj=each occuriedl patient who had received lubiprostone. In a randomized, 26-
week study=oefdinaclotide,idrrhoea was the most common treatmentergent AE, occurring
significantly"more often withinaclotide(19.7%; 79/402fompared with placeb@.5%;

10/403).A totahof 8 patients (2%) experienced severe diarrhoea with linaclotide vs none with
placebo, and linaclotide was associated with study drug discontinuation in 18 @t}

who received linaclotide and 1 patient (0.2%o received placebd.Lubiprostone and
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linaclotide have not been compared directly in the same population; however, thblavail
evidence suggests that diarglados not a concern with lubiprostone treatment.

We faceda number of lsallenges imetrospectivelyapplying current FDA guidance to our
lubiprostone dataset. Among the most important was that SBMs, not CSBMs (currentglida
were collected as an endpoint in lubiprostone studies. In stutieb evaluated linaclotide in
patients with IBSC, the relative difference between SBM vs CSBM frequency at baseline was
approximately 1:9%* Regading change in SBM compared wiiS8BM frequency with
treatmenthoweyver, thg@ercentage of patients who experieneédncrease in SBMs per week

with linaclotidewas approximately 1.5 to 2 times higher than the percentage who experénced
increase in CBM.'%* These results ggest thas composite measutsingSBMs would lead

to a higherresponder rate than if CSBMs were uded:ever, it should be noted that entry
criteria forstheslubiprostone studies compared with more recent studieguerdifferenteven

in the select® population analysed here (patients had to have af&&jency <3/week at
baseling, andthe baselineveekly SBM frequency was 1.5, which is lower than in patients who
participatedn studies ofinaclotide (.8).** Thereforea>1 increase in SBMs per week in

lubiprostenesstudies could beknically relevant finding.

Finally, thedose of lubiprostone (8 mcg BID) used in pivotal phase 3 studies and approved for
the treatment of IBE is lower than the 24 mcg BID dose of lubiprostone that is approved for
the treatment.of patients with chronic idiopattémstipation or opioikinducedconstipatiorf.

The lowergdose of lubiprostone used in these IBS-C studies compared with the doseddjpprove
patients with*€hronic idiopathic constipation or opioid-induced constipation may phés ia

the 10-14% lower response rate observed using the composite endpoint compared with using the
abdominal painsonly responder definition.a phase 2 dose-ranging trial evaluating the efficacy
of lubiprostenegin IBS-C, the 24 mcg, but not 8 mcg, twice daily dosage was associated with
significantlysgreater improvement in abdominal pain/discomfort scores vsbalat month 1,
although,both doses showed similar improvement in month¥ B#8wever, the higher dosé
lubiprostone™was also associated with a higher incidence of adverse events ahdles 8uacg
BID dose is considered the optimal for providing the benefit of efficacy with limited (low
incidence and intensity) of adverse events in-(B& should be noted thah¢ lubiprostone IBS

C studies were designed in accordance with Ribroeteria, which defind the hallmark
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symptom of IBS as abdominal pain, with reduced stool frequency as one of a numberiaf crite
that a patient may report in order taadify for an IBS diagnosi$’

In conclusion, lubiprostone was significantly more effective than placebo in improving
abdominal_pain based on baseline abdominal pain scores, and bloating based on basglge bloat
scoresDespitethe challenges involved in applying new critenanistorical data, treatment with
lubiprostone-significantly improved the composite endpoint of improvements in abdommal pai
(by baseline"pain scores) and stool frequency in patients witlCIBScomposite endpoint
evaluating improvement in bloating (by baseline bloating score) and stool frequency also found
lubiprostone toybe significantly more effective than plaagdspite having designed this trial to
apply a lower dose more suitable for treant of pain and lower than would have been

administered with the intention to show a profound effect on bowel frequency.
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Table 1. Baseline Demogr aphic and Clinical Characteristicsin 2 Randomized Controlled Studies of L ubiprostonein Patients

With Baseline SBM Frequency <3/Week (Intent-to-Treat Populations)

Study 1 Study 2 Pooled Studies
Placebo L ubiprostone Placebo L ubiprostone Placebo L ubiprostone
(n=88) (n=170) (n=92) (n=155) (n=180) (n=325)
Sex, n (%)

Female 85 (96.6) 161 (94.7) 89 (96.7) 143 (92.3) 174 (96.7) 304(93.5)
Male 3(3.4) 9 (5.3) 3(3.3) 12 (7.7) 6 (3.3) 21 (6.5)
Mean(SD) age, y 47.6 (12.4) 45.8 (12.9) 45.3 (12.0) 44.8 (11.8) 46.4 (12.2) | 45.4(12.4)

Race/ethnicity,mn (%)
White 64 (72.7) 117 (68.8) 68 (73.9) 112 (72.3) 132 (73.3) 229 (70.5)
Black/African 16 (18.2) 28 (16.5) 17 (18.5) 33(21.3) 33(18.3) 61 (18.8)
American
Hispanic/Latino 7 (8.0) 25 (14.7) 7 (7.6) 10 (6.5) 14 (7.8) 35 (10.8)
Other 1(1.2) 0 0 0 1 (0.6) 0
Mean (SD) abdominal | 2.18 (0.69) 2.27 (0.67) 2.25(0.63) 2.14 (0.70) 2.21(0.66) | 2.21(0.69)
discomfortpain*
Mean (SD)bloating* 2.37 (0.69) 2.48(0.69 2.40 0.62 2.30 (0.74) 2.39(0.65) | 2.390.72
Mean (SD) SBM 1.49 (0.85) 1.56 (0.91) 1.32 (0.94) 1.55 (0.87) 1.40 (0.90) | 1.56 (0.89)
frequency/week

SBM=spontaneausowel movement.
*Scale from 0 (absent) to 4 (very severe).

"P<0.05 vs placebo.

P values were"calculated using -@@mple ttest for continuous variables and a-stjuare test for categorical variables.
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Figure Legends

Figure 1. Patient disposition. ITT=intentto-treat population

Figure 2. Treatment response rates in patients with baseline abdominal pain>=scafes
Treatment response defined>89% improvement in abdominal pain vs baseline 86 of 12
treatmentMveeks by baseline abdominal pain score (pooled dat8)01."P<0.05.*Equivalent
to 3 on a scale of 0—186cale from0 (absent) to 4 (very sever®)values compare placebo vs
lubiprostone, based on the CochiMantelHaenszel test stratified by pooled site.

Figure 3. Treatment response rates in patients with baseline bloating sdaésTreatment
response defined &80% improvement in bloating vs baseline foE6 of 12 treatment weeks by
baseline Bloating scofpooled dath *P<0.05."P<0.01.*Equivalent to 3 on a scale 0£0
10.5Scalefrom@ (absent) to 4 (very sever®values compare placebo vs lubiprostone, based
on the CochramantelHaenszel test stratified by pooled site.

Figure 4. Treatment response rates in patients with baseline abdominal pain>=skté6essing a
composite endpoint. Compositeatmentresponsalefined a$30% improvement in abdominal
pain and>1 increase in spontaneous bowel movements pweek vs baseline far6 of 12
treatment.weeks by baseline abdominal pain score (pooled tt8.01."P<0.05.*Equivalent
to 3 on a scalerof 0-186calefrom 0 (absent) to 4 (very severB)values compare placebo vs
lubiprostone;based on the CochiMantelHaenszel test stratified by pooled site.

Figure5. Treatment response rates in patients with baseline bloating sdodésusing a
composite endpoint. Compostteatmentesponsealefined a$30% improvement in bloating
and>1 increase in spontaneous bowel movements week vs baseline far6 of 12 treatment
weeks by baseline abdominal pain sogreoled data). P<0.05."Equivalent to 3 on acsle of
0—10.*Scale.from 0 (absent) to 4 (very seveReyalues compare placebo vs lubiprostone, based
on the CochramantelHaenszel test stratified by pooled site.
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