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Abstract

Objectives:
To use techniques of decision-analytic modeling to evaluate the effectiveness and costs of linaclotide vs
lubiprostone in the treatment of adult patients with irritable bowel syndrome with constipation (IBS-C).

Methods:

Using model inputs derived from published literature, linaclotide Phase Ill trial data and a physician survey, a
decision-tree model was constructed. Response to therapy was defined as (1) a >14-point increase from
baseline in IBS-Quality-of-Life (IBS-QoL) questionnaire overall score at week 12 or (2) one of the top two
responses (moderately/significantly relieved) on a 7-point IBS symptom relief question in >2 of 3 months.
Patients who do not respond to therapy are assumed to fail therapy and accrue costs associated with a
treatment failure. Model time horizon is aligned with clinical trial duration of 12 weeks. Model outputs
include number of responders, quality-adjusted life-years (QALYs), and total costs (including direct and
indirect). Both one-way and probabilistic sensitivity analyses were conducted.

Results:

Treatment for IBS-C with linaclotide produced more responders than lubiprostone for both response
definitions (19.3% vs 13.0% and 61.8% vs 57.2% for IBS-QoL and symptom relief, respectively), lower
per-patient costs ($803 vs $911 and $977 vs $1056), and higher QALYs (0.1921 vs 0.1917 and 0.1909 vs
0.1894) over the 12-week time horizon. Results were similar for most one-way sensitivity analyses. In
probabilistic sensitivity analyses, the majority of simulations resulted in linaclotide having higher treatment
response rates and lower per-patient costs.

Limitations:

There are no available head-to-head trials that compare linaclotide with lubiprostone; therefore, placebo-
adjusted estimates of relative efficacy were derived for model inputs. The time horizon for this model is
relatively short, as it was limited to the duration of available clinical trial data.

Conclusions:
Linaclotide was found to be a less costly option vs lubiprostone for the treatment of adult patients with IBS-C.

Introduction

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder in which
chronic abdominal pain or discomfort is associated with altered bowel function.
IBS prevalence rates vary depending on the criteria used for diagnosis, with
estimates in the US ranging from 10-15%'~*. Prevalence rates are higher
among women than men, with a diagnosis ratio of ~2:1'. Rome III criteria
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categorizes IBS into four sub-types based on a patient’s
predominant stool pattern: IBS with predominant diarrhea
(IBS-D), IBS with predominant constipation (IBS-C),
mixed (IBS-M), and untyped (IBS-U).

Per the Rome III diagnostic criteria, patients with IBS-
C must experience hard or lumpy stools in at least 25% of
defecations and must have at least 3 months of recurrent
abdominal pain/discomfort, with symptom onset at least 6
months prior to diagnosis’. IBS-C accounts for approxi-
mately one-third of all IBS cases®, and is associated with
substantial healthcare costs, as well as a negative impact
on patient’s quality-of-life and work productivity. An ana-
lysis among Medicaid patients with IBS-C reported annual
costs in hospitalization, outpatient and emergency room
visits range from $4291-$6894, with patients experiencing
treatment failure incurring $1781-$2562 more than those
without’. A recent analysis of the US National Health and
Wellness Survey also reported patients with IBS-C to have
significantly lower levels of health-related quality-of-life,
as measured by the SF-12v2, compared to matched con-
trols, in addition to significantly higher levels of present-
eeism (31.72% vs 21.43%, respectively) and overall work
impairment (35.54% vs 25.29%, respectively)®.

To date, there have been relatively few pharmaco-
logical treatments approved for the treatment of IBS-C.
Over-the-counter laxatives, which are commonly used but
not approved by the US Food and Drug Administration
(FDA) to specifically treat IBS-C, are primarily directed
towards managing a patient’s constipation symptoms, not
the multiple symptoms that are experienced by patients
with IBS-C (e.g., abdominal pain, bloating). Tegaserod
was approved for the treatment of IBS-C (women only)
in 2002; however, it was withdrawn from the market in
2007 due to concerns regarding an increased risk of car-
diovascular events among patients receiving treatment.
Lubiprostone, a chloride channel activator, was approved
by the FDA for the treatment of IBS-C (women only) in
2006 and, until recently, was the only prescription drug
with an IBS-C indication in the US.

In August 2012, linaclotide, a minimally absorbed gua-
nylate cyclase-C (GC-C) agonist, was approved by the
FDA for treatment of IBS-C in both men and women.
Linaclotide and its active metabolite bind to GC-C and
act locally on the luminal surface of the intestinal epithe-
lium. This results in an increase in both intracellular and
extracellular cyclic guanosine monophosphate (cGMP).
Consequently, chloride and bicarbonate secretion into
the intestinal lumen results, resulting in increased intes-
tinal fluid and accelerated transit. In addition, in animal
models, linaclotide-induced reduction in visceral pain is
thought to be mediated by increased extracellular cGMP,
which was shown to decrease the activity of pain-sensing
nerves’.

With the recent FDA approval of linaclotide for the
treatment of IBS-C, it becomes important to evaluate
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the economic impact associated with its use vs alternative
prescription drug treatments (i.e., lubiprostone).
Therefore, the aim of this study is to use techniques of
decision analysis and mathematical modeling to evaluate
the effectiveness and costs of linaclotide vs lubiprostone in
the treatment of adults with IBS-C.

Methods

Model overview and structure

This model was developed in Microsoft Excel (version
2010) spreadsheet format using a decision—tree modeling
technique, and draws upon linaclotide clinical trial data
(both published and post-hoc analyses), published scien-
tific literature, publicly available US FDA reviews of lubi-
prostone, and a survey of practicing physicians on resource
utilization associated with treatment failure. The model
population was assumed to be adults who have been diag-
nosed with IBS-C and are candidates for prescription
treatment.

Hypothetical IBS-C patients enter the model as
candidates for either linaclotide 290 mcg once daily or
lubiprostone 8 mcg twice daily (Figure 1). Treatment dis-
continuation can occur immediately after initiation.
Patients who discontinue therapy are assumed to show
no improvement from their baseline symptoms and are
assigned clinical and economic consequences associated
with treatment failure. Patients who continue drug therapy
have a probability of achieving response to the assigned
treatment. Patients who respond to treatment are assumed
to accrue the pharmacy costs for linaclotide 290 mcg or
lubiprostone 8 mcg and to have improved quality-of-life
compared to those who do not respond. Patients who do
not respond to treatment are assumed to accrue treatment
failure costs and to have lower health utilities than
patients who respond.

The model time horizon is 12 weeks, which is consistent
with the publicly available lubiprostone Phase III clinical
trial data'®. Base-case analyses were performed from the
payer’s perspective, including number of patients respond-
ing to treatment, quality-adjusted life-years (QALYs), and
direct medical costs as model outputs. Indirect costs were
also included in scenario analyses to provide results from
the societal perspective.

Model inputs

Treatment comparators

Only prescription therapies currently approved and indi-
cated by the US FDA for the treatment of IBS-C were
included in the model; therefore, only linaclotide
290 mcg once daily and lubiprostone 8 mcg twice daily
were included as treatment options. Over-the-counter
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Figure 1. Model tree.

remedies, such as laxatives (e.g., MiraLAX), were not con-
sidered as treatment comparators because of limited pub-
lished data and lack of FDA approval for the IBS-C
indication. Furthermore, it was assumed that patients
entering the model were candidates for prescription
treatment.

Treatment response

Economic models are often constrained by access to com-
parable data across treatment comparators. Therefore,
available linaclotide and lubiprostone data from Phase
III clinical trials were reviewed prior to model develop-
ment. Measures of treatment efficacy were selected based
on comparability between trial data and suitability for use
as definitions of response within the model framework.
Although reviewed studies sometimes used the same or
similar instruments to determine treatment response, the
data were generally reported differently and many end-
points were not collected for both treatment types''. For
instance, the primary end-point among linaclotide clinical
trials included a composite measure of treatment response.
A responder was a patient who, in the same week, had:
(1) an improvement of >30% in average daily worst
abdominal pain score; and (2) an increase of >1 complete
spontaneous bowel movement (CSBM) from baseline for
>50% of weeks evaluated'?, which is consistent with cur-
rent FDA regulatory guidance®’. This specific end-point
was not collected in clinical trials for lubiprostone'®.
Among trial end-points that were included in clinical
trials of both treatments (e.g., quality-of-life, bloating),

© 2015 Informa UK Ltd  www.informahealthcare.com/jme
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reported measures used different measurement scales
(i.e., 0-10 vs 0—4) or did not report findings necessary
for robust economic modeling (i.e., only mean values
were reported without standard deviation). Therefore,
post-hoc analyses of linaclotide clinical trial data were
conducted to help ensure comparability with the data
reported from the lubiprostone clinical trials (further
details of post-hoc analyses described below and in the
Appendix).

Treatment response was ultimately defined by either:
(1) at least a 14-point improvement'* in Irritable Bowel
Syndrome-Quality of Life (IBS-QoL) questionnaire over-
all score from baseline to week 12 (assessed the same in the
linaclotide and lubiprostone trials); or (2) a ‘monthly
responder’ for at least 2 out of 3 months on a 7-point
assessment of global symptom relief (primary end-point
in lubiprostone trial)'®. The IBS-QoL questionnaire con-
sists of 34 items, each with a 5-point response scale (‘not at
all’ to ‘extremely/a great deal’) and covers eight domains:
dysphoria, interference with activity, body image, health
worry, food avoidance, social reaction, sexual, and rela-
tionships". Only the overall IBS-QoL score was used for
treatment response analysis. Phase III clinical trials for
both treatments also included similar 7-point assessments
of global symptom relief (e.g., ‘How would you rate your
relief of IBS symptoms over the past week compared to
how you felt before you entered the study?’). Per the lubi-
prostone Phase 111 clinical trial, a ‘monthly responder’ was
defined as a response of ‘moderately relieved’ or better in
4 out of 4 weeks or a response of ‘significantly relieved’ in
2 out of 4 weeks!'°.
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Response rate data for linaclotide were derived from
data on the pooled intent-to-treat (ITT) populations of
the clinical trials. Since the global symptom relief defin-
ition of response was the primary end-point in the lubi-
prostone clinical trial, response rates were calculated as the
pooled average from publically available trial-specific
results of lubiprostone for IBS-C'°. The clinical trial data
for linaclotide included a similar 7-point assessment of
global symptom relief; however, the primary end-point to
evaluate treatment response in the trial was not defined
in the same way as the end-point for lubiprostone, given
that linaclotide trial end-points (e.g., overall CSBM/
abdominal pain responder) were constructed using the
FDA guidelines for treatment trials in IBS™. Therefore,
post-hoc analyses of linaclotide trial data using the same
definition as lubiprostone were conducted to ensure com-
parability between response rates.

For the IBS-QoL measure of response, only the mean
IBS-QoL scores (i.e., no standard deviations) were
reported from the publically available FDA reviews of lubi-
prostone. Therefore, the ratio of the standard deviation to
the mean of IBS-QoL for linaclotide was used to estimate
the standard deviation for lubiprostone. Curve-fitting
techniques using a normal distribution were then used to
impute the percentages of subjects who achieved the
defined threshold of response (i.e., >14 points) for both
linaclotide and lubiprostone. For linaclotide, the percent-
age of patients with response (i.e., >14 points) was
obtained from a post-hoc analysis of the mean IBS-QoL
score change from baseline collected for the ITT popula-
tion from linaclotide trials 302 and 31 and fitted to a
normal distribution.

For both definitions of response defined above, placebo-
adjusted odds ratios (OR) of response for linaclotide vs
lubiprostone were constructed (full details regarding the
techniques involved in constructing response rates and the
placebo-adjusted ORs are provided in the Appendix).

Treatment discontinuation

In the base case analysis, the discontinuation rate for any
reason (e.g., due to adverse events or lost-to-follow-up)
was assumed to be zero for both treatment options.

Economic inputs

Drug costs were included in the model as daily costs. Daily
cost for lubiprostone 8 mcg was calculated as twice the
wholesale acquisition cost (WAC) price per tablet
($9.16/day), based on the 2013 Truven Health Analytics
Redbook database (updated as of October 2, 2013)'°.
The WAC daily price for linaclotide is $7.70/day for lina-
clotide 290 mcg'’. Non-responders and those who discon-
tinue therapy incurred pharmacy costs associated with a

286 Cost and treatment benefits of linaclotide for IBS-C Huang et al.

I-month supply of treatment (30 days); responders
incurred pharmacy costs associated with treatment for
the full timeframe of the model (12 weeks).

Direct costs associated with treatment failure were
derived from a web-based survey study conducted among
a sample of 20 primary care physicians (PCPs) and 21
gastroenterologists (GEs) across geographically represen-
tative regions of the US. The survey captured data on refer-
ral patterns (to/from gastroenterologists), test/procedure
ordering and follow-up physician visits for typical patients
who did (e.g., ‘response’) and did not (e.g., ‘failure’)
achieve a satisfactory relief of symptoms to a recent treat-
ment for IBS-C. Survey items included questions regarding
the proportion of patients who would receive tests/proced-
ures and follow-up physician visits. Healthcare costs were
estimated by applying associated unit costs (derived from
the 2012 Medicare physician payment schedule) to the
corresponding utilization. All patients were assumed to
begin treatment with PCPs. The cost of treatment failure
was defined as the cost difference between physician-
deemed non-responders and responders, incorporating
both PCP work-up costs and the costs of referrals to GEs
(see the Appendix for full details of the physician
survey) 'S,

Indirect cost for treatment failure was derived from data
collected from the Work Productivity and Activity
Impairment (WPAI) questionnaire in the Phase III clin-
ical trial for linaclotide and was only applied to non-
responders'’. The average number of reported hours
missed from work due to IBS-C was multiplied by average
wage data from the Bureau of Labor Statistics®® to calcu-
late the indirect costs due to lost work productivity. This
value was then multiplied by the incremental proportion
of non-responders missing work (i.e., proportion of non-
responders missing work minus proportion of responders
missing work) in order to calculate the incremental indir-
ect cost associated with treatment failure.

Utility data

To the best of our knowledge, there are no published
health utility estimates for patients with IBS-C who
respond or do not respond to a recent course of treatment.
We, therefore, calculated base-case utility values using the
difference in EQ-5D scores from the Phase III clinical trials
for linaclotide for all patients (pooling both linaclotide
and placebo) who did and did not meet the response cri-
teria!”. Data were pooled for the linaclotide and placebo
arms in order to construct utility values that were inde-
pendent of treatment type (given that utility values were
not provided for lubiprostone in publically-available data).
Urtility values were estimated separately for each definition
of treatment response.

www.informahealthcare.com/jme  © 2015 Informa UK Ltd
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Model outcomes

Model outcomes are primarily from the payer’s perspective
and include the percentage of patients responding to each
treatment as well as the direct medical costs and QALYs
associated with response/non-response. Indirect work
productivity costs were not included in the base-case ana-
lysis; however, they were incorporated in a separate ana-
lysis to test the robustness of model results and include
results from a societal perspective.

Sensitivity analyses

Sensitivity analyses to assess uncertainty in the results
based on potential variation in base-case model inputs
were performed. Low and high estimates for the following
parameters were included in the one-way analysis: direct
and indirect costs for treatment failure, discontinuation
rate (high estimates include the discontinuation rate for
‘any reason’ from each treatment’s Phase 1II clinical trial;
30.1% and 23.1% for linaclotide (post-hoc analyses) and
lubiprostone'®, respectively), odds ratio for treatment
response, and health utility values. Low estimates for the
direct cost of treatment failure were based on the lower
bound of the estimated base case costs derived from the
web-based survey of physicians. High estimates for the
direct cost of treatment failure were based on the findings
from a retrospective database analysis of Medicaid admin-
istrative claims data’. High and low estimates for the odds
ratios of treatment response for linaclotide vs lubiprostone
were derived in the following manner: One thousand sam-
ples were bootstrapped from the linaclotide trial data,
using sampling with replacement. Odds ratios for each of
the 1000 replicates were computed for linaclotide vs pla-
cebo. Each of these replicates was then used to compute
1000 odds ratios for linaclotide vs the single available
lubiprostone response rate. The standard deviation for
the linaclotide vs placebo odds ratio obtained from the
bootstrapping was considered as the standard error (SE)
for the odds ratio and was then applied to the base-case
odds ratio to calculate high and low estimates (i.e., base
case £1.96*SE). Sensitivity estimates for health utilities
were derived from the upper and lower 95% confidence
limits of EQ-5D data from the Phase III linaclotide clinical
trial (low estimates correspond to the smallest difference
between responder and non-responder utility values; high
estimates correspond to the greatest difference between
responder and non-responder utility values).

Probabilistic sensitivity analyses were undertaken using
1000 second-order Monte Carlo simulations. The odds
ratio for treatment response (using a log-normal distribu-
tion with SEs obtained from the bootstrapping technique
described above), drug cost for linaclotide (uniform distri-
bution between low and high estimates; assumed to be
+10% of the actual drug cost), the cost of treatment failure

© 2015 Informa UK Ltd  www.informahealthcare.com/jme

(using gamma distribution), and health utilities (using a
uniform distribution) were varied within the model.

Model assumptions

The demographic and clinical characteristics of the mod-
eled patient populations are assumed to be consistent with
the patient populations in the linaclotide and lubiprostone
Phase III clinical trials. It is assumed that all efficacy
reported in the clinical trials is attributable to the study
treatment effect of linaclotide and lubiprostone (i.e., the
improvement in response rate vs placebo observed in the
trials is attributable to linaclotide or lubiprostone, not due
to other reasons such as difference in demographics).
Patients who respond to treatment are assumed to respond
immediately upon treatment initiation, and all responders
have the same health utility, regardless of treatment (same
assumption for non-responders).

Treatment costs are based on recommended dosing and
frequency of administration in each product’s prescribing
information. The results from the physician survey on
patient management (diagnostic tests, procedures, and
physician visits) for a hypothetical patient reporting no
satisfactory symptom relief during treatment are assumed
to be representative of all patients who experience treat-
ment failure. In addition, the Medicare fee schedule used
to estimate costs of diagnostic test, procedures, and phys-
ician visits is assumed to be applicable to private payers.

Results

Base-case results

For both response definitions, linaclotide 290 mcg once
daily was less expensive and had higher rates of response
and more QALYs gained when compared to lubiprostone
8 mcg twice daily (Table 2). When response was based on
improvement in IBS-QoL score, the percentage of respon-
ders was 61.8% and 57.2% for patients receiving linaclo-
tide 290 mcg once daily and lubiprostone 8 mcg twice
daily, respectively. Total direct costs were estimated to
be $803 per linaclotide treated patient and $911 per
patient treated with lubiprostone. When response was
based on global assessment of symptom relief, the percent-
age of responders was 19.3% and 13.0% for patients receiv-
ing linaclotide 290 mcg once daily and lubiprostone 8 mcg
twice daily, respectively. Total costs were estimated to be
$977 per linaclotide treated patient and $1056 per patient
treated with lubiprostone. Incremental benefits in QALYs
were also seen for linaclotide over the 12 week analysis
period (Table 2). When indirect costs were included in the
analysis (i.e., cost of lost work productivity), results were
similar for both response definitions (data not shown).

Cost and treatment benefits of linaclotide for IBS-C Huang et al. 287
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Table 1. Base-case and sensitivity analysis model inputs.

Parameter Value Range

Low High

Treatment response
Lubiprostone response (8 mcg BID)
Based on IBS-QoL? 57.2% N/A N/A
Based on global assessment of symptom relief° 13.0% N/A N/A
OR linaclotide 290 mcg once daily vs lubiprostone 8 mcg BID
(indirect comparison using placebo)

Based on IBS-QoL® 1.21 1.00 1.41
Based on global assessment of symptom relief® 1.60 1.09 2.11
Discontinuation®
Linaclotide 290 mcg once daily 0.0% N/A 30.1%
Lubiprostone 8 mcg BID 0.0% N/A 23.1%
Costs
Drug (daily)
Linaclotide 290 mcg once daily’ $7.70 $6.93 $8.47
Lubiprostone 8 mcg BID9 $9.16 N/A N/A
Treatment failure (per patient)" $825 $314 $1781
Indirect cost (per patient)'
Based on IBS-QoL $38.21 $28.66 $47.76
Based on global assessment of symptom relief $76.29 $57.22 $95.36
Utilities’
Based on IBS-QoL
Response 0.85 0.84 0.86
Non-response/discontinued 0.81 0.81 0.83
Based on global assessment of symptom relief
Response 0.91 0.89 0.92
Non-response/discontinued 0.81 0.80 0.82

BID, twice daily; IBS-C, irritable bowel syndrome with constipation; IBS-QoL, Irritable Bowel Syndrome Quality-of-Life; SBM, spontaneous bowel movement.
aResp()r11ge rate (>14-point increase from baseline) derived through fitting to a normal distribution based on ITT results from Table 12 in FDA 2008 Medical
Review'".

PResponse rate (‘moderately’ or ‘significantly’ relieved) obtained from pooled data based on Tables 64 and 71 in FDA 2008 Medical Review, ITT population'®.
‘Placebo-adjusted odds ratios derived from response rate (>14-point increase from baseline) of linaclotide (post-hoc analysis of Phase 3 clinical trial data) vs
lubiprostone. Lubiprostone response calculated as described above in Source 1. Low and high estimates were derived from bootstrapping results.
9Placebo-adjusted odds ratios derived from response rate (‘considerably’ or ‘completely’ relived) of linaclotide (post-hoc analysis of Phase 3 clinical trial data) vs
lubiprostone. Lubiprostone response calculated as described above in Source 2. Low and high estimates were derived from bootstrapping results.
®Discontinuation assumed to be zero in the base-case; discontinuation rate for ‘any reason’ used for sensitivity analysis from the linaclotide (post-hoc analysis of
Phase 3 clinical trial data) and lubiprostone.) clinical trials'®.

Truven Health Analytics Red Book™ 2014 WAC price for linaclotide. Low and high estimates only used for probabilistic sensitivity analysis; assumed to be +10%
of the base-case value.

9Truven Health Analytics Red Book™ 2013 WAC price for lubiprostone.

"Derived from the findings from a one-time, web-based survey of physicians on treatment patterns and resource use for patients with IBS-C who had/did not have a
response to a recent treatment course®. The low bounds of the interquartile range (IQR) of the estimated base-case costs were used as the low estimates. The high
estimates were taken from a retrospective database analysis of Medicaid administrative claims’.

'Derived from data collected from the Work Productivity and Activity Impairment (WPAI) Questionnaire in the Phase 3 clinical trials for linaclotide'®. Low and high
estimates were calculated as +25% of the base-case value.

IDerived from the EQ-5D scores from Phase 3 clinical trials for linaclotide'®.

Table 2. Model results for 1000 patients with irritable bowel syndrome with constipation (direct costs only).

Definition of response

IBS-QoL responder? Global assessment of symptom relief responder”

Comparator arms Direct cost Responders QALYs Direct cost Number of QALYs
per patient (%) per patient per patient responders per patient

Lubiprostone 8 mcg BID $911 57.2% 0.1917 $1056 13.0% 0.1894

Linaclotide 290 mcg once daily $803 61.8% 0.1921 $977 19.3% 0.1909

Incremental (linaclotide-lubiprostone) —$108 4.6% 0.0004 —$80 6.3% 0.0014

IBS-C, irritable bowel syndrome with constipation; IBS-QoL, Irritable Bowel Syndrome Quality-of-Life; QALY, quality-adjusted life year.
4IBS-QoL responder at least a 14-point increase in IBS-QoL from baseline to the end of 12 weeks of treatment.
PGlobal assessment of symptom relief responder: Monthly responder for at least 2 out of 3 months (‘moderately’ or ‘significantly’ relieved of symptoms).
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Journal of Medical Economics Volume 18, Number 4  April 2015
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Figure 2. Probabilistic sensitivity analysis results for cost per patient and probability of response; (a) response based on IBS-QoL, and (b) response based on
global assessment. Each point on graph represents the result of one of a thousand iterations of a second order Monte Carlo simulation.

Sensitivity analysis results

When treatment response was based on a global assess-
ment of symptom relief, linaclotide 290 mcg once daily
had lower costs and higher response rates and QALYs vs
lubiprostone 8 mcg twice daily for the treatment of IBS-C
in all one-way sensitivity analyses. For the IBS-QoL def-
inition of response, linaclotide had lower costs and higher
response rates for all one-way sensitivity scenarios except
when the discontinuation rate from each treatment’s
Phase III clinical trial was used (23.1% for lubiprostone
and 30.1% for linaclotide). This resulted in lower direct
costs for linaclotide vs lubiprostone ($879 vs $954 per
patient), and lower response rates (43.2% vs 44.0%).

© 2015 Informa UK Ltd  www.informahealthcare.com/jme

For both definitions of treatment response, the distri-
bution of 1000 Monte Carlo simulations showed that the
majority (i.e., >90%) of model iterations resulted in lina-
clotide being in the lower right quadrant of the incremen-

tal cost vs response plane (i.e., lower cost, higher response)
(Figure 2).

Discussion

Results from our economic model show that linaclotide is
associated with better response rates and lower costs than
lubiprostone when used for the treatment of IBS-C among
adult patients. Treatment for IBS-C with linaclotide
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produced more responders than lubiprostone for both
response definitions (19.3% vs 13.0% and 61.8% vs
57.2% for IBS-QoL and global assessment of symptom
relief, respectively), lower per-patient costs ($803 vs
$911 and $977 vs $1056), and slightly higher QALYs
(0.1921 wvs 0.1917 and 0.1909 vs 0.1894) over the
12-week time horizon. These results are robust in one-
way sensitivity analyses and consistent for both definitions
of treatment response analyzed in the model (improve-
ment in IBS-QoL score and global satisfaction of IBS-C
symptom relief). Results were similar when indirect costs
were also included in the analysis, for both definitions of
response. Therefore, under most scenarios and assump-
tions, linaclotide is a lower cost treatment option for
patients with IBS-C; providing similar or improved treat-
ment response rates and QALYs compared to lubiprostone.

Our study has various limitations, including a short
time horizon and the need for additional analyses for sev-
eral parameter estimates where available data were lack-
ing. The time horizon for this model is relatively short (i.e.,
12 weeks) given the chronic nature of IBS-C. However,
there is some suggestion that the benefits of treatment may
extend over time. For example, in the 4-week randomized
withdrawal period after completion of the 12-week
Phase III linaclotide clinical trial in IBS-C, it is observed
that treatment efficacy outcomes (e.g., abdominal pain,
complete spontaneous bowel movement) are sustained
for the patients who remain on treatment'”. For patients
who discontinued treatment after the 12-week trial dur-
ation, symptoms returned and were similar to baseline.
Additionally, a 26-week Phase Il clinical trial for linaclo-
tide demonstrated sustained improvement in abdominal
pain and bowel symptoms among patients with [BS-C
over the full study duration®'. Further long-term clinical
results would help extend the findings from our economic
model.

The direct costs associated with treatment failure were
derived from the findings from a one-time, web-based
survey of 20 primary-care physicians and 21 gastroenter-
ologists that asked about treatment patterns and resource
use among patients with IBS-C who were not responding
to recent treatment. The classification of patient response
in the survey differed from the response definition used for
the clinical inputs in the model. Additionally, several
assumptions were required in calculating the cost estimate,
including the assumption that all patients were seen by a
PCP prior to being referred to a Gl specialist. Therefore,
there may be some bias in the estimates of direct medical
costs. This survey was undertaken because there are no
published studies that present data on this issue.
Resource use estimates from this survey of 41 physicians
may be reasonably generalizable given that the surveyed
physicians were heterogeneous in age, sex, patient volume,
years of practice, and US geographic region. In addition,
costs are based on Medicare fee schedules, which are likely
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lower compared with those of a private payer and, there-
fore, provide conservative cost estimates’?.

There are no available head-to-head trials that compare
linaclotide with lubiprostone; therefore, placebo-adjusted
estimates of relative efficacy were derived. For the defin-
ition of response based on global assessment of symptom
relief (the primary end-point in lubiprostone Phase III
clinical trial), post-hoc analyses of linaclotide clinical
trial data were conducted using the same definition as
lubiprostone to ensure comparability of response rates,
given the inconsistent definition between the linaclotide
and lubiprostone trials. However, due to a lack of sufficient
data from the publically available FDA review of lubipros-
tone clinical trials, the IBS-QoL measure of response
required curve-fitting techniques to impute the percent-
ages of subjects who achieved the defined threshold of
response for both linaclotide and lubiprostone, which
may not exactly reflect the clinical trial results. The results
from the model should be conservative because the
response rate derived for linaclotide from the curve-fitting
technique produced a lower odds ratio of response (see the
Appendix) compared to the odds ratio calculated if
response rates from the actual linaclotide clinical trial
data were used.

The model assumes that those patients who discontinue
therapy incur costs for 1 month (30 days) of drug treat-
ment, and that patients who respond take the medication
once daily for the full model time horizon. In actual clin-
ical practice, initial prescription days supplied could be
shorter. Among patients that do not discontinue, the
actual use of the treatments may also be less frequent
than daily and may not be required for the full model
duration.

Finally, the model is based on an homogenous clinical
trial population and treatment protocol, which may not be
representative of real world clinical practice. Studies of the
comparative effectiveness of linaclotide and lubiprostone
through analysis of real-world data would be valuable. Due
to limited availability of comparable data and lack of FDA
approval for the IBS-C indication, other over-the-counter
treatments and prescription laxatives were not included in
this model.

Conclusions

In this model, linaclotide was found to be a less costly
treatment option compared to lubiprostone for patients
with IBS-C, for two patient relevant definitions of
response (improvement in IBS-QoL score and global
symptom relief). The introduction of linaclotide into the
limited pharmacologic treatment landscape for IBS-C will
provide an additional treatment option with similar effect-
iveness and lower average per patient costs.
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Appendix

Calculation of placebo-adjusted odds ratios

Given that there are no available head-to-head trials that
compare linaclotide with lubiprostone, this economic
model uses placebo-adjusted odds ratios of response to
determine the relative response of linaclotide vs lubipros-
tone. This methodology was an acceptable approach
given the similarities in study design (e.g., inclusion
based on Rome criteria; patients with previous gastroin-
testinal surgery excluded) and patient demographics for
each clinical trial (e.g., linaclotide sample: mean age
43.3; 90.6% female; 77.5% white; mean abdominal
pain 5.7 on 0-10 scale; mean constipation severity 3.8
on 1-5 scale; lubiprostone sample: mean age 46.1; 90.8%
female; 77.4% white; mean abdominal pain 2.07 on 0—4
scale; mean constipation severity 2.22 on 0—4 scale)!**>.
The odds ratio was defined as the ratio of the odds of
response in the treatment group to the odds of it occur-
ring in the placebo group (represented by the formula

below):

Pr/(1—Pr)

Py/ (1 Pp) = Odds Ratio
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Table A1. 0dds of response by definition of irritable bowel syndrome with constipation response to treatment.

Response rate

Pooled results for lubiprostone

Pooled results for linaclotide OR linaclotide vs

lubiprostone
Lubiprostone  Placebo OR Linaclotide Placebo OR
8mcg BID 290 mcg once daily
IBS-QoL? >14-points increase 0.57 0.51 1.29 0.59 0.48 1.56 1.21
Based on global assessment of symptom relief® 0.13 0.07 2.06 0.20 0.07 3.28 1.60

Notes: Results are intent-to-treat (ITT) results, at the end of week 12.

“Results for lubiprostone are based on data from Table 12 in FDA 2008 Medical Review and pooled linaclotide trial data. Results for linaclotide are from pooled trial

data on ITT population.

PResults for lubiprostone are based on Tables 64 and 71 in FDA 2008 Medical Review, ITT population. Results for linaclotide are from pooled trial data on ITT

population.
IBS-QolL, Irritable Bowel Syndrome Quality-of-Life; OR, odds ratio.

Table A2. Actual and fitted distribution of irritable bowel syndrome with constipation quality-of-life responders.

Fitted distribution

Mean SD Calculated percentage* Actual*
Linaclotide
Placebo 13.0 17.1 47.6% 39.0%
Linaclotide 290 mcg once daily 17.9 17.8 58.6% 53.8%
Lubiprostone
Placebo 144 19.0 50.8% N/A
Lubiprostone 8 mcg twice daily 1741 17.0 57.2% N/A

*Percentage of patients with at least a 14-point increase from baseline in IBS-QoL.

Placebo-adjusted odds ratios were calculated individu-
ally for lubiprostone and linaclotide for each definition of
response. Odds ratios of response for linaclotide vs lubi-
prostone were then calculated by dividing the placebo-
adjusted odds ratio for linaclotide by the placebo-adjusted
odds ratio for lubiprostone (Table A1).

Calculation of response rates

Response rate data for linaclotide were derived from
data on the pooled intent-to-treat populations of its
Phase III clinical trials, while response rate data for
lubiprostone was derived from publically available FDA
reviews. For the global symptom relief definition of
response, only post-hoc analyses of linaclotide were
required in order to ensure the calculation of response
was the same between the two treatments. For the IBS-
QoL measure of response, publically available data for
lubiprostone only included the mean change from base-
line for IBS-QoL score; however, the model’s response
variable requires the percentage of patients with at least
a 14-point increase from baseline. Additionally, the
standard deviations were not reported for lubiprostone

in the FDA review.
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To address these issues, the ratio of the standard devia-
tion to the mean of IBS-QoL for linaclotide was used to
estimate a standard deviation for lubiprostone. A normal
distribution was then fitted to the reported lubiprostone
mean and the estimated standard deviation, using the
properties of the normal cumulative distribution function
to estimate the percentage of patients with a score of 14
or greater. To be conservative, the fitted response rate
was also used for linaclotide, which produces a lower
odds ratio than the actual response rate (calculated OR
linaclotide vs lubiprostone = 1.21; actual OR linaclotide
vs lubiprostone = 1.41).

Physician survey of treatment failure

Treatment patterns and resource use findings were esti-
mated from a web-based survey of 20 primary care phys-
icians (PCPs) and 21 gastroenterologists (GEs), focusing
on IBS-C patients without response to recent treatment
(see Table A3 for physician responses). Separate cost esti-
mates were derived for primary care physicians and gastro-
enterologists. The average costs for tests, procedures, and
visits were obtained from the 2012 Medicare physician
payment schedule. Costs for procedures were the sum of
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Table A3. Physician survey results for the practice patterns of patients with irritable bowel syndrome with constipation.

Primary care physician Gastroenterologist
(%) (%)
Physicians ordering test for patients with non-response 75 50
Tests ordered
Thyroid Function Blood Tests 100 90
Complete Blood Count 100 60
Serum Calcium 75 45
Colonoscopy 50 60
Anti-tissue Transglutaminase Antibody (tTG) test (celiac disease test) 25 10
Erythrocyte Sedimentation Rate 20 10
C-Reactive Protein 10 8
EGD/Flexible Sigmoidoscopy 5 8
Barium enema 5 1
Others (please specify) 0 0
Upper Gastrointestinal Series/Endoscopy 5 0
Sitz-Marker Test - 8
Defecography - 7
CAT scan - 10
Ultrasound - 0
Manometry - 4
MRI scan - 0
Physicians advising return within 3 months in case of non-response 100 100
Physicians referring to a gastroenterologist in case of non-response 80 -
Physicians advising return within 3 months in case of response 50 30
Physicians advising tests in case of response 0 0
Table A4. Costs of procedures and tests for irritable bowel syndrome with constipation.
Procedure/test Cost of procedure/test ($) CPT codes
Thyroid Function Blood Tests 42.89 84439, 84442, 84479*
Complete Blood Count 11.02 85025
Serum Calcium 7.30 82310
Colonoscopy 744.40 45380
Anti-tissue Transglutaminase Antibody (tTG) Test 16.34 83516
(celiac disease test)
Erythrocyte Sedimentation Rate 5.02 85651
C-Reactive Protein 7.33 86140
EGD/Flexible Sigmoidoscopy 330.00 45330, 43235%*
Barium enema 344.80 7427, 74280%*
Upper Gl Series/Endoscopy 351.61 74246, 43235%*
Sitz-Marker Test 50.38 74000
Defecography 278.77 74270
CAT scan 920.38 74150, 72192*
Ultrasound 279.46 76700
Manometry 816.90 91120
MRI scan 838.68 74181
Cost of Moderate Office Visit 180.40 99214

Note: Costs were based on the 2012 Medicare Physician Payment Schedule. Costs for procedures were calculated by summing
the national average payment for both facility and non-facility charges. Laboratory tests were based on the average payment

corresponding with Medicare’s 60% National Limitation Amount.

*Sum of the cost for all CPT codes were used since this test will include all procedures.

**Average cost for the CPT codes were used.

national average payments for facility and non-facility ser-
vices. Laboratory tests were based on the average payment
corresponding to Medicare’s 60% National Limitation
Amount. The 60% National Limitation Amount is the
maximum amount that Medicare will reimburse for clin-
ical laboratory tests services, calculated from historical
payment rate data (see Table A4 for testing and procedure
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costs). The median physician response rate for each
resource use type was multiplied by the corresponding
unit cost. The summation of all costs was then multiplied
by the incremental percentage of non-responders
that would receive a test/procedure or office visit (e.g.,
percentage ordering test for non-response minus percent-
age ordering test for response).
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IBS-C Nonresponders
% Not referred to GE
» [ No GE cost
All patients assumed
to begin treatment
with PCP
% Referred to GE N
Box A

Difference between %

of nonresponders that would
% of IBS-C The average receive tests/procedures and
patients cost for the the % of responders that
receiving each corresponding Sum all Average would receive

/p dure /p dure costs tests/procedures
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requiring responders that office visit, derived from the
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GE, gastroenterologist; IBS-C, irritable bowel syndrome with constipation; PCP, primary care physician.

Figure A1. Treatment failure calculation.

Total cost of treatment failure associated with care  proportion of patients referred to a GE. Thus, direct cost
under a PCP was included in the estimate because all for treatment failure = (PCP treatment failure cost) -+
patients were assumed to begin treatment under the care  (proportion referred * GE treatment failure cost) (see
of a PCP. In addition, the total cost of treatment failure Figure Al).
associated with care under a GE was applied for a
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