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ABSTRACT

Background & Aims. Several secretagogues have been approved treatfrigitable
bowel syndrome with constipation (IBS-C). Howewbeir relative efficacy is unclear
because there have been no head-to-head randoooizgdlled trials. We conducted a
network meta-analysis to compare their efficaangsatients with IBS-C.

Methods: We searched MEDLINE, EMBASE, EMBASE Classic, anel @ochrane central
register of controlled trials through June 2018&lentify randomized controlled trials
assessing the efficacy of secretagogues in adithsIBS-C. Trials included in the analysis
reported a dichotomous assessment of overall resgorikerapy, and data were pooled

using a random effects model. Efficacy and safetsesfetagogues were reported as a pooled
relative risk with 95% Cls to summarize the effeteach comparison tested, and treatments
were ranked according to their P-score.

Results: We identified 15 eligible randomized controlleihls of secretagogues, containing
8462 patients. Linaclotide, lubiprostone, plecadggtand tenapanor were all superior to
placebo for the treatment of IBS-C. Linaclotide@2ficg, once daily) was ranked first in
efficacy, based on the Food and Drug Administratecommended endpoint for trials in
IBS-C, the primary endpoint used in each trial,@huhal pain, and complete spontaneous
bowel movements. Tenapanor (50 mg twice daily) rmaged first for reducing bloating.
Total numbers of adverse events were significagthater with linaclotide (290 mcg, once
daily and 500 mcg, once daily) and plecanatide g3 once daily) compared with placebo.
However, 6 mg, once-daily plecanatide ranked fossafety. Diarrhea was significantly
more common with all drugs, except lubiprostonen(®), twice daily). Nausea was
significantly more common among patients who reakiubiprostone.

Conclusions: In a network analysis of randomized controlledl$rof secretagogues for IBS-
C, we found all drugs to be superior to placebéic&fy was similar among individual drugs
and dosages for most endpoints. However, data eracted at the 12-week time point, so
the long term relative efficacy of these drugs iknown.

Key words:. CSBMs, RCT comparison, effectiveness, treatmesgaese
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INTRODUCTION

Irritable bowel syndrome (IBS) is a functional bdwesorder, and affects
approximately 10% of the population worldwidélhe cardinal symptoms are abdominal
pain in association with altered stool form andfequency? and the condition is
characterized by a relapsing and remitting codrSeaditionally, patients are sub-grouped
according to the predominant stool pattern they e&pee, into those who report diarrhea
>25% of the time (IBS-D), constipatiar25% of the time (IBS-C), or experience mixed stool
pattern IBS and report both diarrhea and constipat25% of the time? Women with IBS
are more than twice as likely to meet criterial®&®-C than men with IBS' and this sub-
group make up almost one-third of patients.

This classification system according to predomirsaool pattern is important,
because it is used to guide treatment and, inerglgsinovel pharmacological therapies are
directed towards either IBS-C or IBS-D. Traditidgafirst-line treatment for IBS-C has
included soluble fiber, such as ispaghala.previous systematic review and meta-analysis
identified seven randomized controlled trials (RE@&ispaghula® and although this was
superior to placebo in terms of global symptom iovement, only one of these trials was at
low risk of bias,” and none restricted their recruitment to patieits IBS-C. Laxatives,
such as polyethylene glycol (PEG) are not recommeéfidr IBS-C.” as there have been only
two RCTs conducted; ® and although both trials reported a significanpiavement in
number of stools, there was no effect on abdonpaad scores.

In the last 10 years, several novel secretagogans leen developed for the
treatment of IBS-C. Lubiprostone is a prostaglargliderivative, which activates the
intestinal chloride channel type-2 on the apicafasie of small intestinal enterocytes.
Activation leads to chloride and water efflux inh@ luminal cavity. Linaclotide and

plecanatide are peptides that stimulate the gutngiaclase-C receptor, leading to electrolyte



Black et al. Pager of 31

and fluid transport into the intestinal lumen. Tgaaor is a small-molecule inhibitor of the
gastrointestinal sodium-hydrogen exchanger-3, whashilts in increased intraluminal
sodium and water excretion. Although there is evagefrom high-quality RCTs that all of
these therapies are effective for the treatmefB$fC, their relative efficacy is unknown.
This is because there have been no head-to-heégldfithese drugs. It is unlikely that any
such trials will ever be performed, as they wouddelpensive to conduct, because they
would need huge numbers of patients in order toahstnate superiority of one drug over
another.

Network meta-analysis can circumvent this probleradme extent, allowing indirect
treatment comparisons between active therapiesaoepb-controlled trials, and enabling the
ranking of treatments in order to inform clinicatiigons.'® Unfortunately, individual RCTs
do not always use an identical design, recruit ha@nogs groups of patients, or assess
efficacy using the same endpoints. However, in #s of IBS-C, the Food and Drug
Administration (FDA) have made recommendationgherdesign of treatment trials, and
endorsed standardized endpoints that should betagedge the efficacy of novel therapies.
We have, therefore, been able to conduct a netwetk-analysis of RCTs of very similar
design, using identical treatment duration ananany instances, identical efficacy
endpoints, in order to examine the relative effycand safety of all secretagogues tested in

IBS-C, to date.
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METHODS

Sear ch Strategy and Study Selection

A search of the medical literature was conducteaguslEDLINE (1947 to June
2018), EMBASE, EMBASE Classic (1947 to June 2048) the Cochrane central register
of controlled trials. We also searched clinicalfrigov for unpublished trials, or
supplementary data for potentially eligible studRETs examining the effect of
secretagogues (lubiprostone, linaclotide, plecdeatind tenapanor) in adult patients (>16
years) with IBS-C were eligible for inclusion (Sug@mentary Table 1). The first period of
cross-over RCTs were also eligible for inclusion.

A diagnosis of IBS-C was based on either a climsi@pinion, or meeting specific
diagnostic criteria, for example the Rome criteBaudies recruiting patients with chronic
idiopathic constipation (CIC), or mixed populatiarfpatients with IBS-C or CIC, where
data were not reported separately for IBS-C, weeégible. Only RCTs that examined the
efficacy of currently licensed doses of lubiprostdimeaclotide, and plecanatide or, in the
case of tenapanor, the dose taken forward to ghaseals, and which compared them with
each other, or with placebo, were considered éégi minimum treatment duration of 12
weeks was required, in line with FDA recommendattifor the design of treatment trials for
the functional gastrointestinal disorders. All endp®were extracted at 12 weeks, even for
RCTs that provided efficacy data at other time {wifihis was done in order to provide as
much homogeneity as possible between individual teisults, and to avoid overestimating
the efficacy of one drug relative to another, asptacebo effect tends to wane with tirte.
Studies had to report a dichotomous assessmeespbnse to therapy. First and senior

authors of studies were contacted to provide agtthtiinformation on trials, where required.



Black et al. Paged of 31

The literature search was conducted independenttwb investigators (CJB and
ACF). Studies on IBS were identified with the termsitable bowel syndrome and
functional disease(s), colon (both as medical subject headings (MeSH) and é&xeetérms),
andIBS spastic colon, irritable colon, or functional adj5bowel (as free text terms). These
were then combined using the set operator AND wiitdiss identified with the following
terms:lubiprostone (both as a MeSH and free text teradAmitiza, linaclotide, Constella,
Linzess, plecanatide, Trulance, andtenapanor (as free text terms).

There were no language restrictions, and abstidetsified by the initial search were
evaluated independently by two investigators fagilelity. All potentially relevant papers
were obtained and evaluated in detail. Foreigndagg papers were translated, where
required. Articles were assessed independentlwbyirtivestigators, using pre-designed
eligibility forms, according to the pre-definedgshility criteria. Disagreements between

investigators were resolved by discussion.

Outcome Assessment

We assessed the efficacy of all drugs, comparédderch other or with placebo, in
IBS-C in terms of failure to respond to therapythvthe endpoints of interest used to define
response reported below. Secondary outcomes irtladieerse events occurring as a result
of therapy (overall numbers, as well as individaderse events, including diarrhea,

headache, abdominal pain, abdominal distensionaosea).

Data Extraction
All data were extracted independently by two iiggdors on to a Microsoft Excel
spreadsheet (XP professional edition; MicrosoftgC&edmond, WA, USA) as dichotomous

outcomes (response or no response to therapy). 8bthe included eligible RCTs used
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different primary endpoints. However, the majoofytrials of linaclotide, plecanatide, and
tenapanor adhered to the FDA-recommended endpwipatients with IBS-C, and reported
treatment efficacy according to the proportion afignts experiencing=30% improvement

in abdominal pain accompanied by an increasglafomplete spontaneous bowel movement
(CSBM) per week from baseline f860% of weeks. The RCTs of lubiprostone also applied
these criteria retrospectively to a subset of p&dien the two phase Il studies.

In addition, due to the multitude of endpointsared within the individual trials, we
were also able to assess the efficacy of therauesrding to other dichotomous endpoints to
define response to treatment, including: a) themary endpoint used in each individual RCT;
b) a>30% improvement in abdominal pain fe80% of weeks (abdominal pain responder);
c) an increase ofl CSBMs per week from baseline &850% of weeks (CSBM responder);
and d) &30% improvement in bloating fa'50% of weeks (bloating responder).

For all included studies the following data wersoatxtracted for each trial, where
available: country of origin, number of centerstesra used to define IBS-C, proportion of
female patients, and dose and duration of thefapta were extracted as intention-to-treat
analyses, with drop-outs assumed to be treatmguitdsa (i.e. no response to therapy),
wherever trial reporting allowed. If this was nt&#ar from the original article we performed

an analysis on all patients with reported evaludala.

Quality Assessment and Risk of Bias

Two investigators performed this independentlthatstudy level. Disagreements
were resolved by discussion. The Cochrane handivaskused to assess risk of bigdy
recording the method used to generate the randaomzschedule and conceal treatment

allocation, whether blinding was implemented fortiggpants, personnel, and outcomes
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assessment, whether there was evidence of incaenplétomes data, and whether there was

evidence of selective reporting of outcomes.

Data Synthesisand Statistical Analysis

A network meta-analysis was performed using thgueatist model, with the
statistical package “netmeta” (version 0.9-0, hitpsan.r-
project.org/web/packages/netmeta/index.html) ivétgjon 3.4.2), and reported according to
the PRISMA extension statement for network metdyases,™® in order to explore indirect
treatment comparisons of the efficacy and safegach medication. Network meta-analysis
results usually give a more precise estimate, coegpaith results from standard, pairwise
analyses™ *°and can also rank treatments to inform clinicaisiens.*

We examined the symmetry and geometry of the eceléy producing a network
plot with node and connection size correspondintpéonumber of study subjects and
number of studies respectively. We produced a cosmwaadjusted funnel plot to explore
publication bias or other small study effects,dthravailable comparisons versus placebo,
using Stata version 14 (Stata Corp., College StafiX, USA). This is a scatterplot of effect
size versus precision, measured via the inversieeo$tandard error. Symmetry around the
effect estimate line indicates the absence of patitin bias, or small study effecté We
produced a pooled relative risk (RR) with 95% cdefice intervals (Cls) to summarize the
effect of each comparison tested, using a randéestesfmodel as a conservative estimate.
There were no direct comparisons between the atBa¢ment groups, so we were unable to
perform consistency modelling to check the corretabetween direct and indirect evidence.
17

Global statistical heterogeneity across all congmens was assessed using the |

measure from the “netmeta” statistical package. [fheeasure ranges between 0% and
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100%, and is typically considered low, moderatel laigh for values of 25% to 49%, 50% to
74%, and>75% respectively:® We ranked the treatments according to their Pescre P-
score is a value between 0 and 1, with a higheesadicating a greater probability of the
treatment being ranked as béStHowever, the magnitude of the P-score should be
considered, as well as the treatment rank. The malae of the P-score is always 0.5, so if
treatments cluster around this value they areylikebe of similar efficacy. In our main
analysis we pooled data for the FDA-recommendeg@ntito define treatment response in
IBS-C, for all included RCTs that reported theseada

We also performed analyses to assess the oveletly £d each medication, including
overall numbers of adverse events, as well as omece of diarrhea, headache, abdominal
pain, abdominal distension, or nausea. We compheecklative efficacy of therapies for all
outcomes using the “mvmeta” commands in Statagar@thdom effects model. We ranked
the treatments according to their surface undectineulative ranking curve (SUCRA) value.
The SUCRA value is the equivalent to the P-scoegl urs the frequentist model of our

primary analyses?
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RESULTS

The search strategy generated 1163 citationsf Which appeared to be relevant to
the systematic review and were retrieved for furissessment (Figure 1). Of these, 62 were
excluded for various reasons, leaving a total o¢ligible articles, reporting on 15 trials that
contained a total of 8462 patients. There wereetR€Ts, reported in two article€d; 2! of
lubiprostone in IBS-C, six trials of linaclotideo(fr of which used linaclotide 290mcg once-
daily (0.d.), the licensed dose in the USA2®and two a dose of 250mcg or 500mcg o.d., the
licensed doses in Japaf},?’three RCTs of plecanatide, reported in two arié¢fe?°and
three RCTs of tenapandf:*? A further article was also included because it juted
supplementary data, reporting efficacy according@&-recommended endpoints for
lubiprostone in the two phase IIl RCT&However, it should be pointed out that this agticl
did not report data for all patients included inseiéwo trials. This was because some of the
recruited patients would not have met the updai@d-Fecommended CSBM and abdominal
pain thresholds for inclusion in an IBS-C treatmietad, and they were, therefore, excluded
from the analysis.

Agreement between investigators for trial eligtigifior the 75 articles retrieved was
excellent (Kappa statistic = 0.96). Detailed cheeastics of individual RCTs are provided in
Table 1. Risk of bias for all included trials ipogted in Supplementary Table 2. Twelve
trials were at low risk of biad®?’2% *We identified no trials making head-to-head
comparisons of one drug versus another, meaningliteet evidence was only available in
comparison with placebo. Active medications cothérefore, only be compared with each

other using an indirect evidence meta-analysis.
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Efficacy

Failure to Achieve the FDA-recommended Endpoifd#dine Treatment Response

Eleven RCTs, reported in nine separate artiéfes> > ?*33provided dichotomous
data for failure to achieve the FDA-recommendedpeid to define relief of global
symptoms in IBS-C. One of these wagoat hoc analysis of the two phase Ill RCTs of
lubiprostone, which reported efficacy according-®@A-recommended endpoints.These
trials included a total of 6641 patients, 3747 biovwn were randomized to active treatment,
and 2894 to placebo. The network plot is provide8upplementary Figure 1. When data
were pooled there was borderline moderate glohsiktital heterogeneityqkE 29.4%). The
comparison adjusted funnel plot for publicationshiar other small study effects, showed no
asymmetry around the zero line (Supplementary Eigr All treatments were significantly
more effective than placebo, but linaclotide 290roah was ranked as the most effective (P-
score 0.91), in three RCTs (RR 0.81; 95% CI 0.76.8®) (Figure 2). This means that the
probability of linaclotide being the most effectiwden all treatments, including placebo,
were compared with each other was 91%. Indirectpasivon of active treatments revealed

no significant differences between individual dragsl dosages. (Table 2).

Failure to Achieve the Primary Endpoint Used toiDeflTreatment Response in Each Trial
When dichotomous data were pooled for failuredmeve relief of global symptoms

of IBS-C, according to the primary endpoint useeach of the 15 eligible trial&>3*there

were 4846 patients randomized to active treatmeatht3%16 to placebo. There was no global

statistical heterogeneity?(k 1.8%). The comparison adjusted funnel plot fablization

bias, or other small study effects, showed sommasstry around the zero line

(Supplementary Figure 3). All treatments were gigantly more effective than placebo,
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with the exception of linaclotide 250mcg o.d., aligh the latter analysis was based on only
112 patients receiving this dose in one RCT, timersary RR was similar to the other drugs,
and the Cls were wide. Overall, again linacloti@@racg o.d. was ranked as the most
effective (P-score 0.88), in four RCTs (RR 0.80%®61 0.77 to 0.84) (Figure 3). On indirect
comparison of active treatments, significant déferes were seen with linaclotide 290mcg
0.d. compared with plecanatide 3mg o.d., plecaadidg o.d., and lubiprostone 8mcg twice-
daily (b.i.d.), and between linaclotide 500mcg @uald lubiprostone 8mcg b.i.d.

(Supplementary Table 3).

Failure to Achieve an Abdominal Pain Response

There were 12 trials recruiting 7302 patients, reggbin 10 separate articlé$,?* >

27, 2933that reported dichotomous data for failure to ectian abdominal pain response.
Again, one of these papers reportgabst hoc analysis of the two phase Il RCTs of
lubiprostone® There were 4129 patients assigned to active theeaqal 3173 allocated to
placebo. When data were pooled there was no githtstical heterogeneity’( 0%). The
comparison adjusted funnel plot for publicationsbiar other small study effects, showed no
asymmetry around the zero line (Supplementary Eigir All treatments were significantly
more effective than placebo, with the exceptiohnaiclotide 250mcg o.d. Again, linaclotide
290mcg o.d. was ranked as the most effective trexattP-score 0.88), in three RCTs (RR

0.79; 95% CI1 0.73 to 0.85) (Figure 4). Indirect gamson of active treatments revealed no

significant differences between individual drugs dondages. (Supplementary Table 4).

Failure to Achieve a CSBM Response
Failure to achieve a CSBM response was reportelDdCTs, which included 6850

patients, and were published as nine separatéearfic > 2°2" 234 total, 3840 patients
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were randomized to active therapy, and 3010 togplacand there was a high level of global
statistical heterogeneity when data were pooled 82.0%). The comparison adjusted funnel
plot for publication bias, or other small studyeeffs, showed no asymmetry around the zero
line (Supplementary Figure 5). Only linaclotide 2%@no.d., linaclotide 500mcg o.d., and
tenapanor 50mg b.i.d. were significantly more dffecthan placebo, with linaclotide

290mcg o.d. ranked first (P-score 0.76), in thrédR(RR 0.76; 95% CI 0.65 to 0.88)
(Figure 5). Again, indirect comparison of activeatments revealed no significant

differences between individual drugs and dosagespflementary Table 5).

Failure to Achieve a Bloating Response

Only five RCTs reported dichotomous data for fialto achieve a bloating response,
and these were reported in four separate artfides,*> *3and included 2257 patients. Again,
one of these papers reportedost hoc analysis of both of the two phase Il RCTs of
lubiprostone®® There were 1200 patients assigned to active tiieeaql 1057 to placebo.
When data were pooled there was low global stegistieterogeneity {= 25.5%). There
were too few studies to assess for publication, lmasther small study effects. Tenapanor
50mg b.i.d., linaclotide 290mcg o0.d., and lubipoogt 8mcg b.i.d. were all more effective
than placebo, with tenapanor ranked as the mosttefé treatment (P-score 0.79), in one
RCT (RR 0.74; 95% CI 0.55 to 1.00) (Supplementagyufe 6). However, the 95% Cls were
wide and touched 1, and the P-score and RR weyesirailar to that for linaclotide 290mcg
0.d. in two trials (P-score 0.76, RR = 0.78; 95%0(I1 to 0.85). Given this was a secondary
endpoint, with few trials reporting data, it is likehe network was underpowered to detect
any differences. Indirect comparison of active tireants revealed no significant differences

between individual drugs and dosages. (Supplemefitdsle 6).
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Safety

Twelve trials, recruiting 7088 patients and repdrin 10 articles, provided overall
adverse event§®?" ?* 3°There was no global statistical heterogenefty (0%). The
comparison adjusted funnel plot for publicationsbiar other small study effects, showed no
asymmetry around the zero line (Supplementary Eigyr When comparing pooled overall
adverse events, linaclotide 290mcg o.d. (four R&RR= 1.12; 95% CI 1.04 to 1.21),
linaclotide 500mcg o0.d. (two RCTs, RR = 1.24; 95%d. @1 to 1.53), and plecanatide 3mg
o.d. (two RCTs, RR =1.28; 95% CI 1.05 to 1.56)eva@ssociated with a significant increase
in overall adverse events, compared with placebpg®mentary Figure 8). When ranked
using a P-score, plecanatide 6mg o0.d. was the &estplecanatide 3mg o.d. the worst, in
terms of overall adverse events (P-scores 0.6D&#8respectively). As rates of individual
adverse events were not reported separately ipl¢vanatide trials, other than the number of
patients experiencing diarrhea, which were almesttical with both doses of plecanatide,
reasons for the higher rate of overall adverse tsweith the 3mg o.d. dose are uncertain.
Importantly, on indirect comparison there were igmiicant differences between
plecanatide 3mg o0.d. and plecanatide 6mg o.dnyo&the other active treatments or
dosages, in terms of overall adverse events (Sopguitary Table 7).

Adverse events leading to dropout were provideddtrials, reported in 10 papers.
2027, 29,39 inaclotide 290mcg o.d. (four RCTs, RR = 2.72; 96%.62 to 4.57), plecanatide
6mg o.d. (two RCTs, RR =5.37; 95% CI 1.42 to 20asd plecanatide 3mg o.d. (two RCTs,
RR =6.04; 95% CI 1.61 to 22.7) were all associat#ld significantly higher trial dropout
rates due to adverse events, compared with pladben ranked using a P-score,
lubiprostone 8mcg b.i.d. was the best, and ple@®8mg o.d. the worst, in terms of adverse
events leading to dropout (P-scores 0.81 and @dgdectively). On indirect comparison of

active treatments, significant differences werenseih lubiprostone 8mcg b.i.d. compared



Black et al. Pagel8 of 31

with linaclotide 290mcg o.d., plecanatide 6mg cadd plecanatide 3mg o.d., as well as
between linaclotide 250mcg o0.d. and plecanatide Grug

In terms of individual adverse events, rates afrtiea were provided by 14 of the
eligible trials, reported in 12 article€:?" 2°32All drugs, with the exception of lubiprostone
8mcg b.i.d., were associated with an increasedofiskarrhea and, when ranked using a P-
score, lubiprostone 8mcg b.i.d. was the best, madIbtide 500mcg o.d. the worst (P-scores
0.87 and 0.20 respectively). Indirect comparisbaative treatments revealed that both
placebo and lubiprostone 8mcg b.i.d. were signifilyaess likely to cause diarrhea than all
other individual drugs, and dosages, but there werether differences between the
remaining individual drugs and dosages. There wersignificant differences between any
of the active therapies and placebo, in terms@fleance of abdominal pain, abdominal
distension, or headache. Six RCTs, reported inditieles,”* %! 2 3% 3hrovided information
concerning nausea. Only lubiprostone 8mcg b.i.dagasciated with a significantly
increased incidence of nausea, and this was thst wanked treatment in this analysis (P-

score 0.18).
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DISCUSSION

This systematic review and network meta-analysssdemonstrated that all
secretagogues tested in IBS-C, to date, were nif@etige than placebo for global
symptoms. Although all drugs performed similarlgaklotide 290mcg o.d. was ranked first
in terms of efficacy for global symptoms. This waespective of the outcome measure used,
whether it be the FDA-recommended endpoint to eefatief of global symptoms in IBS-C,
or the primary endpoint used to define global syamptmprovement in each trial. For the
latter endpoint the probability of linaclotide bgisuperior to another competing treatment, or
placebo, was 88% but this does not exceed 90%% @hich may be desirable according to
the literature® However, for the former endpoint the probabilitgs91%. Linaclotide
290mcg o.d. was also ranked first in terms of fifeceon both abdominal pain response and
CSBM response. Tenapanor 50mg b.i.d. was rankstdiiterms of effect on bloating
response, although confidence intervals were widketle P-score was very similar to that
for linaclotide 290mcg o.d. In our analysis thatdishe primary endpoint to define global
symptom improvement in each trial, linaclotide 290Qno.d. was superior to plecanatide 3mg
and 6mg o.d., as well as lubiprostone 8mcg binderms of safety, plecanatide 6mg o.d.
was the drug least likely to cause adverse evants|ubiprostone 8mcg b.i.d. was
significantly less likely than all other individudiugs and dosages to cause diarrhea, but was
more likely to cause nausea.

We performed a contemporaneous and exhaustivatiite search, which included
searching the “gray” literature and clinicaltrigisv, allowing us to analyze data from 15
RCTs of pharmacological therapies for IBS-C, reangi8462 patients. The literature search,
eligibility assessment, and data extraction weraradertaken independently by two
reviewers. We used an intention-to-treat analygigrever trial reporting allowed, and

pooled data with a random effects model, to pro@iceore conservative estimate of the
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efficacy and safety of individual drugs. Finallyewranslated one Japanese article,
attempted to contact authors of individual studss] accessed clinicaltrials.gov in order to
obtain extra information, where required.

Limitations include the fact that none of thelgiaere head-to-head studies of one
drug versus another, which means that our analyses mased on indirect comparisons, and
are not protected by randomization. This could eacbnfounding due to underlying
differences between individual RCT8 However, as the design of the included trials was
very similar, and the endpoints used and duratfdollw-up identical, this issue should
have been minimized. In addition, three of the R@/ESe at unclear risk of bia® ** **and
original authors did not respond to all our quegescerning individual studies. This may
mean the efficacy of some pharmacological therapi¢8S-C has been overestimatédwe
extracted data from all RCTs based on a compahatshmrt treatment duration of 12 weeks,
and therefore the relative efficacy and safetyheke drugs in the longer term are unknown.
This is a potentially important clinical point, patients often complain that they become
tolerant to the effects of non-prescription laxadieser time. The vast majority of trials were
conducted in North America, meaning that involvedividuals may not be generalizable to
patients with IBS-C in other countries. There werprate levels of global statistical
heterogeneity in the analysis using the FDA-reconaad endpoint to define treatment
response, and high levels of heterogeneity in tiadyais for CSBM response. The
comparison adjusted funnel plot for our analysiseioieon the primary endpoint to define
global symptom improvement in each trial showed sasymmetry, suggestive of
publication bias or other small study effects, aliffiothree of the trials we identified had not

27,31, 32

been published as either full papers or conferabsgracts; and were only identified

during our search of clinicaltrials.gov. Finallizete were limited safety data for tenapanor,

31,32
d,

although once the two phase Il RCTs are fully mitd this is likely to change.
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All of the secretagogues examined in this netwoekta-analysis have proved their
efficacy in placebo-controlled trials in IBS-C. Hewer, when considering the results of this
study, it is important to point out some of theitations of the original trials themselves.
Firstly, as has already been alluded to, compkfietys data for the two phase 11l RCTs of
tenapanor were not available at the time this netweeta-analysis was conductét
Secondly, all three trials of lubiprostone, anddhdier trials of linaclotide, used the less
stringent Rome Il criteria for IBS. Thirdly, deftrons of each of the adverse events were not
standardized between individual trials, as thesewet the primary endpoints of interest.
This has led to some debate about the relativéysafsome of the drugs, in terms of their
likelihood of causing diarrhea. A recent meta-asialyeported that, based on meta-
regression, there were no differences in the i@tdgarrhea between linaclotide and
plecanatide in treatment trials in IBS-C and CfGan observation supported by our findings.
However, it is important to point out that therergvsubtle differences in the way that
diarrhea was recorded in these RCTsyhich mean that the data may not be comparable,
even in a network meta-analysis. Fourthly, forFDA-recommended endpoint to define
treatment response in IBS-C, as well as abdomizal @nd bloating response, the analyses
for lubiprostone were based ompast hoc analysis of the two phase lll trials. As a resditta
from almost two-thirds of the recruited patientgevenavailable, as they would not have met
the updated FDA-recommended CSBM and abdominalthaasholds for inclusion in an
IBS-C treatment trial. This may have led to an esémation of the efficacy of lubiprostone
in these analyses, although excluding these R@ns the analyses would not have led to
any change in the relative efficacy of the othee¢hdrugs. Finally, given that by the time the
trials of plecanatide and tenapanor were conduadéid linaclotide and lubiprostone were
FDA-approved for the treatment of IBS-C, it may battpatients in these more recent RCTs

had already failed treatment with one, or boththete drugs. This would imply that a more
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treatment-resistant group of patients were beiadistl in the trials of plecanatide and
tenapanor but, as the RCTs did not report the ptigpoof patients who had previously
received treatment with either linaclotide or lubigtone, this is speculation. Although this
may partly explain why linaclotide 290mcg o.d. wasked first in almost all efficacy
analyses in the network meta-analysis, lubiprostea® FDA-approved for the treatment of
IBS-C in 2008, whereas linaclotide was approveddh2, so participants in the linaclotide
trials may have failed therapy with lubiproston@pto study entry.

The cost of all of these drugs relative to otheatments for IBS-C is also a
consideration, but there have been no RCTs condliagjainst a less expensive, but
potentially effective, comparator such as ispagloulBEG. A recent cost-effectiveness
analysis for the use of linaclotide in Scotland répd an incremental cost-effectiveness ratio
of £7370 per quality-adjusted life year (QALY), gas an antidepressant, in patients with
IBS-C who had already failed an antispasmodic arallaxative The authors reported that
the likelihood that linaclotide was cost-effectatea willingness to pay of £20,000 per QALY
was 73%. The choice of amitriptyline as the comjmatriaa this analysis seems odd, given that
although tricyclic antidepressants have the mostende for their efficacy in IBS? one of
their side effects is constipation. Cost-effecteendata for the other three drugs studied in
this meta-analysis are lacking.

Performing a network meta-analysis of secretagefuelBS-C could be criticized
due to the absence of trials making direct compagsAs a result, all of our conclusions
were derived from data based on indirect treatroemtparisons. We believe it is unlikely
that pharmaceutical companies would ever conduadte@-head RCTs of these agents, and
even if such a study were to be conducted, ikeyithat it would be designed as a non-
inferiority trial. *° A network meta-analysis circumvents this problaitowing a credible

ranking system of the likely efficacy and tolerékibf all of the secretagogues tested in IBS-



Black et al. Page23 of 31

C to be developed, even in the absence of trialsngalirect comparisons. The results of
this study are therefore still likely to be impartdor both patients and policy makers, in
order to help inform treatment decisions for pasemith IBS-C.

In summary, although all drugs performed similanhd were superior to placebo in
most of our analyses, our network meta-analysika@finaclotide 290mcg o.d. first in terms
of efficacy profile overall, and across severatatént endpoints. No difference was observed
between individual treatments when the FDA-reconuedrendpoint was used to define
relief of global symptoms in IBS-C, although linaiitle 290mcg o.d. was still ranked first.
However, when treatments were ranked accordingegtimary endpoint used to define
treatment response in each trial, linaclotide 299md. appeared superior to plecanatide
3mg and 6mg o.d., as well as lubiprostone 8mcg.bri.terms of safety, plecanatide 6mg
0.d. was the drug least likely to cause adversateyand lubiprostone 8mcg b.i.d. was
significantly less likely than any of the other gsuo cause diarrhea. In the absence of head-
to-head trials, this information should help cliaits to make decisions as to which drug to
use, based on efficacy, safety, and most troublessymptom, when first-line therapies for

IBS-C fail.
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FIGURE LEGENDS

Figure 1. Flow Diagram of Assessment of Studies|dentified in the Systematic Review.

Figure 2. Forest Plot of the Indirect Evidencefor Failureto Achievethe FDA-

recommended Endpoint to Define Treatment Response.

Note: The P-score is the probability of each treathibeing ranked as best in the network
analysis. A higher score equates to a greater pilitigaof being ranked first.

Figure 3. Forest Plot of the Indirect Evidencefor Failureto Achievethe Primary
Endpoint Used to Define Treatment Response in Each Trial.

Note: The P-score is the probability of each treathibeing ranked as best in the network
analysis. A higher score equates to a greater pilitigaof being ranked first.

Figure 4. Forest Plot of the Indirect Evidencefor Failureto Achieve an Abdominal Pain

Response.

Note: The P-score is the probability of each treatnibeing ranked as best in the network
analysis. A higher score equates to a greater piigyaof being ranked first.

Figure5. Forest Plot of the Indirect Evidencefor Failureto Achieve a CSBM Response.
Note: The P-score is the probability of each treatnibeing ranked as best in the network

analysis. A higher score equates to a greater pildlgaof being ranked first.
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Table 1. Characteristics of Randomized Controlled Trials of Secretagogues Versus Placeboin IBS-C.

Study Country and Diagnostic Primary Endpoint Used to Define Symptom Number of Number of Patients Assigned to
Number of CriteriaUsed I mprovement Following Therapy Patients (% | Active Drug, Dosage, Schedule,
Centers for IBS female) and Duration of Therapy
Johanson 2008 *° USA, 19 sites Rome Il criterig Treatment effectiwssmrated as at least 100 (90.0) 52 patients received lubiprostgne
‘moderately effective’ for all 4 weeks of the month 8mcg b.i.d.* for 12 weeks
or ‘quite a bit effective’ for 2 or more of the 4
weeks of the month
Drossman 2009a USA, multiple sites| Rome Il criteria  Moderate agrsficant relief of IBS symptoms fof 590 (90.0) 396 patients received
and Chang 2016a * all 4 weeks of the month, or significant relief fr lubiprostone 8mcg b.i.d. for 12
or more of the 4 weeks of the month for 2 out of 3 weeks
months
Drossman 2009b USA, multiple sites| Rome Il criteria ~ Moderate agrsficant relief of IBS symptoms fof 581 (90.0) 387 patients received
and Chang 2016b * all 4 weeks of the month, or significant relief fr lubiprostone 8mcg b.i.d. for 12
or more of the 4 weeks of the month for 2 out of 3 weeks
months
Johnston 2010 #* USA and Canada,| Rome Il criteria| >3 CSBMst per week and an increase of 1 CSBM 170 (92.4) 85 patients received linaclotid

92 sites

per week from baseline fa9 of 12 weeks

D

290mcg o.d.* for 12 weeks




Chey 2012 #

USA, 102 sites

Rome Il criterig

1 >30% improvement in abdominal pain score and
increase of1 CSBM from baseline for 6 of 12

weeks

an805 (89.6)

402 patients received linaclotifle

290mcg o.d. for 26 weeks

Rao 2012 # USA and Canada,| Rome Il criteria | >30% improvement in abdominal pain score and an803 (90.5) 406 patients received linaclotide
118 sites increase of1 CSBM from baseline for 6 of 12 290mcg o.d. for 12 weeks
weeks
Fukudo 2018 ® Japan, 66 sites Rome Il criter|a Global assesswienief of IBS symptoms 331 (90.5) 112 and pafients received
linaclotide 250mcg or 500mcg
0.d. respectively for 12 weeks
Yang 2018 % China, USA, Rome lll criteria| Considerable or complete relief®S symptoms 839 (82.0) 406 patients received linaclotige
Canada, Australia, for 6 of 12 weeks 290mcg o.d. for 12 weeks
and New Zealand
NCT02316899 Japan, 61 sites Rome Il criter|a Global assesswienief of IBS symptoms 500 (87.8) 249 patiergseived linaclotide

(unpublished) 7

500mcg o.d. for 12 weeks

Miner 2014 %

USA, 99 sites

Rome Il criteria >30% improvement in abdominal pain score and

increase o1 CSBM from baseline for 6 of 12

weeks

afi71 (unclear)

86 patients received plecanat

3mg o.d. for 12 weeks




Brenner 2018a *°

North America, 130

sites

Rome Il criteria

>30% improvement in abdominal pain score and
increase of1 CSBM from baseline for 6 of 12

weeks

anl054 (76.4)

351 and 349 patients receive
plecanatide 3mg or 6mg o.d.

respectively for 12 weeks

Brenner 2018b

North America, 140

Rome llI criteria

>30% improvement in abdominal pain score and

anl135 (71.8)

377 and 379 patients received

sites increase of1 CSBM from baseline for 6 of 12 plecanatide 3mg or 6mg o.d.
weeks respectively for 12 weeks
Chey 2017 * USA, 79 sites Rome Il criteria >30% improvement in abdominal pain score and an178 (86.8) 89 patients received tenapanor
increase of1 CSBM from baseline for 6 of 12 50mg b.i.d. for 12 weeks
weeks
NCT02621892 USA, 111 sites Rome Il criteria >30% improvement in abdominal pain score and an610 (81.4) 309 patients received tenapar

(unpublished) *

increase of1 CSBM from baseline for 6 of 12

weeks

50mg b.i.d. for 12 weeks

NCT02686138

(unpublished)

USA, 117 sites

Rome Il criteria >30% improvement in abdominal pain score and

increase o1 CSBM from baseline for 6 of 12

weeks

ab93 (unclear)

o

or

293 patients received tenapamnor

50mg b.i.d. for 26 weeks

* b.i.d.; twice-daily

TCSBM; complete spontaneous bowel movement

+0.d.; once-daily



Table 2. League Table of Resultsfor Failureto Achievethe FDA-recommended Endpoint to Define Treatment Response.

Linaclotide
290mcg o.d.
Tenapanor
0.96 (0.87:1.08) 5o h.id.

L ubiprostone

0.94 (0.83; 1.060.98 (0.86; 11) g\ 4

Plecanatide 6mg

0.93 (0.85; 1.020.97 (0.88; 1.08p.99 (0.88; 1.13) od

Plecanatide 3mg

0.93 (0.85; 1.01p.97 (0.88; 1.07).99 (0.88; 1.12)1.00 (0.91; 1.10 G

0.81 (0.76; 0.860.85 (0.79; 0.970.87 (0.78; 0.9 0.87 (0.81; 0.94) 0.88 (0.82; 0.94)  F12cebO

Relative risk with 95% confidence intervals in pgheses. Comparisons, column versus row, shoutddzefrom left to right, and are ordered
relative to their overall efficacy. The treatmemtlhe top left position is ranked as best aftemtbigvork meta-analysis of indirect effects.

Boxes shaded green denote a statistically signifiddference.



ACCEPTED MANUSCRIPT

Studies identified in literature
search (n =1163)

Excluded (title and abstract
led not appropriate)
(n =1088)

A

Studies retrieved for
evaluation (n =75)

Excluded (n =62) because:

Dual publication =51

No study results posted on
clinicaltrials.gov =4

No dichotomous data extractable = 3
Out of i not reported =
Mixed population of patients with
functional bowel disorders, no data for
IBS patients available =1

Pooled analysis of eligible and
included trials =1

A
Eligible articles (n =13)
reporting:

3 trials of lubiprostone
6 trials of linaclotide

3 trials of plecanatide

3 trials of tenapanor




Comparison: other vs 'Placebo’

Treatment (Random Effects Model) RR 95%-Cl P-Score
Linaclotide 290 mecg —— 0.81 [0.76;0.86] 0.91
Tenapanor 50 mg —i— 0.85[0.79;092] 065
Lubiprostone 8 mcg — & — 087 [0.78;,096] 052
Plecanatide 6 mg —l— 0.87 [0.81;0.94] 047
Plecanatide 3 mg | —.|— | 0.88 [0.82:094] 045
07 09 1 1.1

Favors experimental Favors placebo



Comparison: other vs 'Placebo’

Treatment (Random Effects Model) RR 95%-Cl P-Score
Linaclotide 290 mcg —— 080 [077,084 088
Linaclotide 500 mcg — & 080 [0.73;088] 085
Linaclotide 250 mcg = 085 [0.71;1.00] 060

Tenapanor 50 mg —i— 085 [0.80;091] 058

Plecanatide 6 mg —l— 0.87 [0.83;092] 046

Plecanatide 3 mg —l— 0.88 [0.84:093] 0.41

Lubiprostone 8 mcg | —!— | 0.91[0.87;096] 0.21
0.7 0.9 1 1.1

Favors experimental Favors placebo



Comparison: other vs 'Placebo’

Treatment (Random Effects Model) RR 95%-Cl P-Score
Linaclotide 290 meg  —l— 079 [073;085 088
Tenapanor 50 mg —— 0.82 [0.75;090] 0867
Linaclotide 500 mcg —— 0.83 [0.77;091] 058
Plecanatide 6 mg —l— 0.84 [0.78;0.90] 056
Lubiprostone 8 mcg L 085 [0.75 098] 052
Linaclotide 250 mcg = 087 [075:101] 042
Plecanatide 3 mg | —II— | 0.87 [0.81;0.93] 0.36
07 09 1 11

Favors experimental Favors placebo



Comparison: other vs 'Placebo’

Treatment (Random Effects Model) RR 95%-Cl P-Score
Linaclotide 2900 mcg ——l—— 0.76 [0.65;0.88] 0.76
Linaclotide 500 mcg L 077 [063,095 070

Tenapanor 50 mg —— 0.81 [0.68;096] 0.59

Linaclotide 250 mcg = 084 [062;114] 049

Plecanatide 6 mg i 0.85 [0.65 1101 047

Plecanatide 3 mg | = | — 086 [066;,112] 043
06 09 1 1112

Favors experimental Favors placebo
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Supplementary Table 1. Eligibility Criteria.

Randomized controlled trials.

Adults (participants aged >16 years).

Diagnosis of IBS with constipation based on eithelirdcian’s opinion, or meeting
specific diagnostic criteria*, supplemented by niegainvestigations where trials deeme

this necessary.

Compared lubiprostone, linaclotide, plecanatidegoapanor with each other, or with

placebo.

Minimum treatment duration of 12 weeks.

Follow-up duration of 12 weeks.

Dichotomous assessment of response to therapyns t&f effect on global IBS symptom

following therapyt.

*Manning, Kruis score, Rome |, 11, 1ll, or IV.
tPreferably patient-reported, and according tdRbé&-recommended endpoint for IBS
with constipation, but if this was not availablethas assessed by a physician or

guestionnaire data.
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Supplementary Table 2. Risk of Bias of Randomized Controlled Trials of Secretagogues Versus Placeboin IBS-C.

Study M ethod of Generation of Method of Concealment of Blinding? No Evidence of No Evidence of Selective

Randomization Schedule Treatment Allocation Stated? Incomplete Outcomes Reporting of Outcomes?

Stated? Data?
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Supplementary Table 3. League Table of Resultsfor Failureto Achievethe Primary Endpoint Used to Define Treatment Responsein

Each Trial.

Linaclotide

290mcg o.d.

1.00 (0.90; 1.11

Linaclotide

)
500mcg o.d.

0.95 (0.80; 1.13

.95 (0.78; 1.15

Linaclotide

)
250mcg o.d.

0.94 (0.87; 1.02

.94 (0.84; 1.05

.99 (0.83; 1.19

Tenapanor 50mg

)
b.i.d.

0.92 (0.86; 0.99

.92 (0.83; 1.02

p.97 (0.81; 1.16

)0.98 (0.90; 1.06

Plecanatide 6mg

od.
Plecanatide
0.91 (0.85; 0.97p.91 (0.82; 1.010.96 (0.80; 1.15)0.97 (0.89; 1.05] 0.99 (0.92; 1.0})
3mg o.d.
L ubiprostone
0.88 (0.82; 0.940.88 (0.79; 0.970.93 (0.78; 1.10)0.93 (0.86; 1.01) 0.96 (0.89; 1.08) 0.96 (0.903}.0

8mcg b.i.d.

0.80 (0.77;0.84

0.80 (0.73; 0.88

.85 (0.71; 1.00

0.85 (0.80; 0.91

0.87 (0.83; 0.92

0.88 (0.84; 0.93 0.91 (0.87; 0.96

Placebo




Black et al. Pageb of 19

Relative risk with 95% confidence intervals in pgheses. Comparisons, column versus row, shoutddzefrom left to right, and are ordered
relative to their overall efficacy. The treatmemtlie top left position is ranked as best aftemtbigvork meta-analysis of indirect effects.

Boxes shaded green denote a statistically signifidéference.



Supplementary Table 4. League Table of Resultsfor Failureto Achieve an Abdominal Pain Response.

Linaclotide

290mcg o.d.

0.96 (0.85; 1.08

Tenapanor

) 50mg b.i.d.

0.94 (0.85; 1.06

.98 (0.87; 1.11

Linaclotide

) 500mcg o.d.

Blacket al.

0.94 (0.85; 1.04

.98 (0.87; 1.10

)1.00 (0.89; 1.11

Plecanatide 6mg

od.
L ubiprostone
0.93(0.81; 1.08).97 (0.83; 1.13)0.99 (0.85; 1.15) 0.99 (0.86; 1.14) 8meg b.id,
Linaclotide
0.91 (0.77; 1.07p.95 (0.79; 1.13)0.96 (0.81; 1.14) 0.97 (0.82; 1.14) 0.98 (0.808}).1 250mecg o.d.
Plecanatide 3mg
0.91 (0.82; 1.00p.94 (0.84; 1.06)0.96 (0.86; 1.07) 0.96 (0.87; 1.0¥) 0.97 (0.842}.11.00 (0.85; 1.18

o.d.

0.79 (0.73; 0.85

0.82 (0.75; 0.9¢

0.83(0.77; 0.91

0.84 (0.78; 0.90

0.85 (0.75; 0.96

)0.87 (0.75; 1.01

0.87 (0.81;0.93

Placebo

Pageb of 19

Relative risk with 95% confidence intervals in paheses. Comparisons, column versus row, shoutddzefrom left to right, and are ordered

relative to their overall efficacy. The treatmemtlhe top left position is ranked as best aftemtbigvork meta-analysis of indirect effects.
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Boxes shaded green denote a statistically signifidéference.
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Supplementary Table5. L eague Table of Resultsfor Failureto Achievea CSBM Response.

Linaclotide

290mcg o.d.

0.98 (0.76; 1.27

Linaclotide

) 500mcg o.d.

0.94 (0.74; 1.18

.96 (0.73; 1.25

Tenapanor

) 50mg b.i.d.

0.90 (0.64; 1.27

.92 (0.63; 1.33

.96 (0.68; 1.37

Linaclotide

) 250mcg o.d.

0.90 (0.66; 1.21

.91 (0.65; 1.27

.95 (0.70; 1.31

)0.99 (0.66; 1.49

Plecanatide 6mg

o.d.
Plecanatide
0.88 (0.65; 1.19D.90 (0.64; 1.25D.94 (0.69; 1.28)0.98 (0.65; 1.46) 0.98 (0.68; 1.4R) 3mg o.d
0.76 (0.65; 0.880.77 (0.63; 0.950.81 (0.68; 0.96)0.84 (0.62; 1.14) 0.85 (0.65; 1.10) 0.86 (0.662}.1 Placebo

PageB of 19

Relative risk with 95% confidence intervals in paheses. Comparisons, column versus row, shoutddzefrom left to right, and are ordered

relative to their overall efficacy. The treatmemtlie top left position is ranked as best aftemtbigvork meta-analysis of indirect effects.

Boxes shaded green denote a statistically signifidéference.
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Supplementary Table 6. L eague Table of Resultsfor Failureto Achieve a Bloating Response.

Tenapanor
50mg b.i.d.
Linaclotide
0.96 (0.70; 1.31) 290mcg o.d.

L ubiprostone

0.87 (0.63; 1.210.91 (0.78; 1.06) 8meg b.i.d

0.74 (0.55; 1.040.78 (0.71; 0.850.85 (0.75; 0.96) 2¢O

Relative risk with 95% confidence intervals in pgheses. Comparisons, column versus row, shoutddzefrom left to right, and are ordered
relative to their overall efficacy. The treatmemtle top left position is ranked as best aftemtigvork meta-analysis of indirect effects.

Boxes shaded green denote a statistically signifiddference.
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Supplementary Table 7. League Table of Resultsfor Overall Adverse Events.

Placebo

1.07 (0.86; 1.32

Plecanatide

)
6mg o.d.

1.12 (1.04; 1.21

11.05 (0.84; 1.32

Linaclotide

)
290mcg o.d.

1.13 (0.81; 1.57

11.06 (0.72; 1.57

11.01 (0.72; 1.41

Linaclotide

)
250mcg o.d.

1.20 (0.87; 1.64

1.12 (0.77; 1.64

11.07 (0.77; 1.48

)1.06 (0.67; 1.67

Tenapanor 50mg

b.i.d.

1.20 (0.98; 1.48

11.13 (0.84; 1.51

11.07 (0.86; 1.33

)1.06 (0.72; 1.57

1.00 (0.69; 1.4

L ubiprostone
5)
8mcg b.i.d.

1.24 (1.01; 1.53

11.17 (0.87; 1.57

11.11 (0.89; 1.38

)1.10 (0.74; 1.62

1.04 (0.71;1.5

D) 1.03 (0.779)

Linaclotide
3
500mcg o.d.

1.28 (1.05;1.56

1.20 (0.90; 1.61

11.14 (0.92; 1.41

)1.13 (0.77; 1.66

1.07 (0.74; 1.5

5) 1.07 (0.802)

.4.03 (0.77;1.38

Plecanatide 3mg

o.d.

PagelO of 19



Black et al. Pagell of 19

Relative risk with 95% confidence intervals in pgheses. Comparisons, column versus row, shoutddzefrom left to right, and are ordered
relative to their overall efficacy. The treatmemtlie top left position is ranked as best aftemibigvork meta-analysis of indirect effects.

Boxes shaded green denote a statistically signifiddference.
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Supplementary Figure 1. Network Plot for Failureto Achieve the FDA-recommended

Endpoint to Define Treatment Response.

Legend
Drug Abbreviation

Placebo A

Lubiprostone 8 mcg

linaclotide 280 mcg

Plecanatide 3 mg

Plecanatide 8 mg

M| m O|lO|®@

[Tenapanor 50 mg
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Supplementary Figure 2. Funnel Plot for Failureto Achieve the FDA-recommended

Endpoint to Define Treatment Response.
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Note: The horizontal axis represents the difference betwbe comparison-specific and

study-specific effect sizes.
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Supplementary Figure 3. Funnel Plot for Failureto Achievethe Primary Endpoint

Used to Define Treatment Responsein Each Trial.

Standard error of effect size
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Supplementary Figure 4. Funnel Plot for Failureto Achieve an Abdominal Pain

Response.
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Supplementary Figure 5. Funnel Plot for Failureto Achieve a CSBM Response.
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Supplementary Figure 6. Forest Plot of the Indirect Evidence for Failureto Achievea

Bloating Response.

Comparison: other vs 'Placebo’

Treatment (Random Effects Model) RR 95%-Cl P-Score
Tenapanor 50 mg = 074 [055 1000 079
Linaclotide 290 mcg —— 0.78 [0.71:0.85] 076
Lubiprostone 8 mcg : —II— | 0.85 [0.75;0.96] 044
05 09 1 11

Favors experimental Favors placebo

Note: The P-score is the probability of each treatnibeing ranked as best in the network

analysis. A higher score equates to a greater piittlgaof being ranked first.
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Supplementary Figure 7. Funnel Plot for Overall Adverse Events.
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Note: The horizontal axis represents the difference betvibee comparison-specific and

study-specific effect sizes.
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Supplementary Figure 8. Forest Plot of the Indirect Evidence for Overall Adverse

Events.

Comparison: other vs 'Placebo’

Treatment (Random Effects Model) RR 95%-Cl P-Score
Plecanatide 6 mg = 107 [086;132] 0869
Linaclotide 290 mcg —— 112 [1.04;121] 056
Linaclotide 250 mcg 113 [0.81;157] 053
Tenapanor 50 mg 120 [087;164] 041
Lubiprostone 8 mcg = 1.20 [0.98;1.48] 038
Linaclotide 500 mcg = 124 [1.01;153] 030
Plecanatide 3 mg : 4|'7 | 1.28 [1.05;1.568] 023
0.8 1 1.25 1.7

Favors experimental Favors placebo

Note: The P-score is the probability of each treatnibeing ranked as best in the network

analysis. A higher score equates to a greater piittlgaof being ranked first.



