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Efficacy of Linaclotide in Reducing Abdominal
Symptoms of Bloating, Discomfort, and Pain: A Phase
3B Trial Using a Novel Abdominal Scoring System

Lin Chang, MD!, Brian E. Lacy, MD, PhD?, Baha Moshiree, MD, MSc?, Amy Kassebaum, PA-C, MMS, RD#, Jessica L. Abel, MPHS5,
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INTRODUCTION: Linaclotide improves abdominal pain and constipation in patients with constipation-predominant
irritable bowel syndrome (IBS-C). Patients report additional bothersome abdominal symptoms of
bloating and discomfort. The intention of this study was to evaluate linaclotide’s efficacy in relieving
IBS-C-related abdominal symptoms (bloating, discomfort, and pain) using a novel multi-item
Abdominal Score (AS).

Phase 3b trial uses novel Abdominal Score to demonstrate linaclotide
reduces severity of abdominal symptoms in patients with IBS-C
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Each abdominal symptom was rated on an 11-point scale where: 0 = No [symptom]; 10 = Worst possible [symptom])
Most common treatment-emergent adverse event: diarrhea (linaclotide 290 ug = 4.6%, placebo = 1.6%)

*Analyses of the individual abdominal symptoms that comprise the Abdominal Score were additional endpoints not controlled for multiplicity.

The Abdominal Score is derived from the Diary for IBS Symptoms-Constipation (DIBSS-C), qualified by the FDA for use in patients with the A The American Journal of
IBS-C subtype, and will prove useful for future clinical trials evaluating the relief of abdominal symptoms of IBS-C. G GASTROENTEROLOGY
IBS-C, constipation-predominant irritable bowel syndrome; LS, least squares
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METHODS:

RESULTS:

DISCUSSION:

Patients with IBS-C with abdominal pain 23 (0-10 scale) were randomized to linaclotide 290 g or
placebo daily for 12 weeks. The AS, derived from the Diary for IBS Symptoms-Constipation, is the
average of abdominal bloating, discomfort, and pain at their worst (0 = none, 10 = worst possible). The
primary end point was overall change from baseline (CFB) in AS. Secondary end points included CFB in
12-week AS evaluated using cumulative distribution function and 6-week/12-week AS responder (AS
improvement =2 points for >6-week/12-week).

Overall, 614 patients (mean age 46.7 years; 81% female) were randomized. All prespecified end points
showed significant benefit of linaclotide vs placebo. The mean overall CFB AS reduction for linaclotide was
—1.9vs —1.2for placebo (P< 0.0001); the 6-week/12-week AS responder rate was 40.5% for linaclotide
vs 23.4% for placebo (odds ratio = 2.2 [95% confidence interval, 1.55-3.12; P<0.0001]). Diarrhea was
the most common treatment-emergent adverse event (linaclotide = 4.6%, placebo = 1.6%).

Linaclotide significantly reduced multiple abdominal symptoms important to patients with IBS-C
(bloating, discomfort, and pain) compared with placebo, as measured by a novel multi-item AS. The AS,
derived from the Diary for IBS Symptoms-Constipation, should be considered for use in future IBS-C

clinical studies to measure clinically meaningful improvements beyond traditional end points.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/C48, http://links.lww.com/AJG/C49, http:/links.lww.com/AJG/C50,

http:/links.lww.com/AJG/C51, http://links.lww.com/AJG/C52

Am ] Gastroenterol 2021;116:1929-1937. https://doi.org/10.14309/ajg.0000000000001334

INTRODUCTION

Recurrent abdominal pain is a cardinal symptom of irritable
bowel syndrome (IBS), as detailed in the Rome IV diagnostic
criteria. A recent study identified differences in the characteristics
of abdominal pain among IBS subtypes and found that individ-
uals with constipation-predominant IBS (IBS-C) have more fre-
quent and bothersome abdominal pain compared with the other
IBS subtypes (1). Patients with IBS-C also experience additional
bothersome abdominal symptoms, including bloating and dis-
comfort (2-4). The underlying mechanisms leading to abdominal
symptoms are complex and not completely understood, although
research investigating the pathophysiology and patient burden of
abdominal symptoms has found that visceral hypersensitivity is
linked to abdominal pain in patients with IBS (5,6). The symptom
of bloating, particularly in the absence of distension, has also been
associated with visceral hypersensitivity (6,7). Similar
to abdominal pain, abdominal bloating and discomfort affect
patients’ health-related quality of life (HRQoL) (8,9).

Linaclotide is a guanylate cyclase (GC)-C agonist, approved by
the US Food and Drug Administration (FDA) in 2012 for treating
IBS-C and chronic idiopathic constipation in adults (10). Lina-
clotide has 2 distinct mechanisms that alleviate IBS-C-associated
bowel and abdominal symptoms. By binding to GC-C receptors
in intestinal epithelium, linaclotide stimulates production
of intracellular cyclic guanosine-3',5" monophosphate (cGMP),
which is linked to increased luminal secretion and accelerated
transit (11-14). In addition, in rodent models of colonic hyper-
sensitivity, linaclotide exhibits analgesic effects by a distinct
pathway whereby ¢cGMP is secreted into intestinal submucosa
and is linked to inhibition of colonic nociceptors, resulting in
peripheral analgesia (15,16). This extracellular cGMP pathway in
the submucosa functions independently from improvements
in bowel transit and stool form (15,17,18).

The efficacy of linaclotide in relieving abdominal symptoms
important to patients has not been fully evaluated. The primary
end point in pivotal phase 3 trials of linaclotide in IBS-C (19,20)
was a composite responder end point as recommended by the US

The American Journal of GASTROENTEROLOGY

FDA guidance for evaluating products to manage IBS, in-
corporating improvement in abdominal pain and increases in
frequency of complete spontaneous bowel movements (CSBMs)
(21). This composite responder end point preceded the extensive
and rigorous patient-reported outcomes (PRO) research that
identified the key abdominal symptoms central to the experience
of patients with IBS-C and supported the development of a new
PRO instrument, the Diary for IBS Symptoms-Constipation
(DIBSS-C), which could be used as a primary end point in IBS-C
trials to evaluate these symptoms (2).

The DIBSS-C was developed by the IBS Working Group of the
Critical Path Institute’s PRO Consortium (2) and is a patient-
centric measure of bowel and abdominal symptoms developed in
accordance with good measurement principles, as outlined in the
US FDA PRO guidance, to assess core signs and symptoms of
IBS-C in clinical trials (22). The PRO research supporting the
DIBSS-C identified 3 key abdominal symptoms that patients
consider most meaningful and important for a treatment to im-
prove: bloating (identified as the most bothersome), discomfort,
and pain (2). The Abdominal Score (AS) is a novel end point
derived from the DIBSS-C. The validity, reliability, and re-
sponsiveness to change of the DIBSS-C AS were confirmed in a
phase 2B study in IBS-C (23). This randomized, placebo-
controlled, double-blind phase 3B study was designed to evalu-
ate the efficacy of linaclotide in reducing IBS-C abdominal
symptoms (bloating, discomfort, and pain) using the new DIBSS-
C AS as the primary end point.

METHODS

Trial design

This multicenter, randomized, double-blind, placebo-controlled,
parallel-group trial of linaclotide 290 pg included patients with
IBS-C at 78 centers in the United States. The first patient con-
sented in June 2018 and the final patient’s last visit was in April
2019. The study was designed, conducted, and reported in com-
pliance with Good Clinical Practices. An institutional review
board-approved informed consent form was reviewed and
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signed by all patients before commencing the study participation
(NCT03573908).

During initial screening (=21 days), patients discontinued
prohibited medications (e.g., anticholinergic agents, narcotics,
and laxatives). Eligible patients entered the baseline period
(14-21 days), during which they used a handheld electronic diary
(eDiary) to record daily and weekly symptom severity. Eligible
patients were randomized 1:1 to linaclotide 290 g or placebo. At
the end of 12 weeks, patients entered a 4-week randomized
withdrawal period (RWP): patients who had been receiving
linaclotide were rerandomized to linaclotide 290 g or placebo
(1:1); placebo patients were allocated to linaclotide 290 g (see
Figure, Supplementary Digital Content 1, http://links.lww.com/
AJG/C48). The treatment period randomization list identified
each patient by randomization number and included
the patient’s corresponding treatment assignment. The RWP
list was stratified by the treatment assigned in the treatment
period and included the stratum, patient’s rerandomization
number, and the corresponding treatment assignment. Ran-
domization numbers were generated by Allergan (assigned by
an interactive web response system). The patient retained the
same identification number (which was also the screening
number) throughout the treatment period.

For the double-blind treatment period and RWP, patients
were supplied with identically appearing oral capsules containing
linaclotide 290 g or placebo. In addition to the daily and weekly
eDiary assessments, patients completed site visits at weeks 4, 8,12,
and 16 (see Figure, Supplementary Digital Content 2, http://links.
Iww.com/AJG/C49).

Study patients

Eligible patients were men or women; =18 years; met Rome III
IBS criteria (24); had stool consistency (Bristol Stool Form Scale
score: 1 = hard/lumpy; 7 = liquid (25)) =2 for =25% of bowel
movements (BMs) and =6 for <25% of BMs in the absence of
antidiarrheal drugs or laxatives; reported <3 spontaneous BMs
(SBMs) per week for =12 weeks; and reported the following in the
2 weeks before randomization: average abdominal pain at its
worst of =3 (11-point numerical rating scale: 0 = none; 10 =
worst possible); =6 CSBMs (SBMs associated with a sense of
complete evacuation); and =10 SBMs. Specified rescue medica-
tions were allowed during pretreatment but not on the day before
or the day of randomization.

Efficacy assessments and end points

Patients reported each BM through the eDiary, including stool
consistency using the Bristol Stool Form Scale and straining (5-
point scale: 1 = not at all; 5 = an extreme amount). Any BMs
recorded the day of or the day after rescue medication (bisacodyl,
allowed =72 hours since previous BM or for intolerable symp-
toms) were not counted as an SBM or CSBM. Patients reported
daily assessments for abdominal bloating, discomfort, and pain
each assessed at their worst (11-point numerical rating scale: 0 =
none; 10 = worst possible); weekly assessments of constipation
severity and general IBS symptom severity (1 = none; 5 = very
severe), and adequate relief of symptoms (yes/no).

Daily ASs were calculated by averaging daily assessments of
abdominal bloating, discomfort, and pain. Weekly ASs were
calculated by averaging daily ASs from a given week. Daily ASs
were considered missing if =2 abdominal symptom assessments
were not reported.

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology

Linaclotide Efficacy for Abdominal Symptoms

The primary efficacy end point for this study was the change
from baseline (CFB) in weekly AS throughout the treatment
period. The 2 secondary efficacy end points were also based on the
weekly AS: the CFB in 12-week AS (average of daily ASs from the
12-week treatment period) determined using a cumulative dis-
tribution function (CDF) and the 6-week/12-week AS responder,
defined as a patient who experienced =2-point reduction from
baseline in weekly AS for =6 of the 12 treatment weeks.

Additional end points included CFB in individual abdominal
symptoms (bloating, discomfort, and pain), percentage of days
with use of rescue medicine, the 6-week/12-week responders for
combined abdominal pain and constipation (weekly increase
from baseline of =1 CSBM and a decrease from baseline of =30%
in the respective weekly abdominal pain score), and treatment
satisfaction (see Table, Supplementary Digital Content 3, http://
links.Iww.com/AJG/C50).

Safety assessments

The site investigator assessed all adverse events (AEs) and serious
AEs and determined their severity and relationship to study
treatment during the study period; reports were taken at each visit
(i.e., weeks 4, 8, 12, and 16). Other safety assessments included
standard clinical laboratory measures, body weight, and vital sign
measurements.

Statistical methods and data analysis

The primary efficacy end point (overall CFB in AS throughout
treatment) was evaluated using a mixed model with repeated
measures (MMRM) framework, with week, treatment, geographic
region, and week-by-treatment as the fixed effects, patient as the
random effect, and baseline value as the covariate. A secondary
time-course analysis of the primary end point (CFB in AS) used the
above-described MMRM framework to assess treatment difference
at individual weeks. Results at weeks 12, 10, 8, 6, 4, 2, and 1 were
part of the multiplicity control in the testing hierarchy. Descriptive
statistics based on the MMRM for the overall CFB throughout
treatment and CFBs at individual weeks included the least squares
mean difference (linaclotide 290 g vs placebo), 95% confidence
intervals (CIs), and the P value associated with the treatment
comparison.

For CFB in the 12-week AS (12-week score minus the baseline
score), the CDFs for linaclotide and placebo were estimated.
Distributions of CFB in the 12-week AS were compared using the
Wilcoxon rank sum test with Hodges-Lehmann estimator for the
median difference.

For the 6-week/12-week AS, the proportion of responders in
the linaclotide 290 pg and placebo groups were compared using
a Cochran-Mantel-Haenszel test controlling for geographic
region. The number and percentage of responders, the differ-
ence in responder rates between the linaclotide and placebo
groups, the odds ratio relative to placebo, all corresponding 95%
CIs, and the P value associated with the Cochran-Mantel-
Haenszel test were noted.

To control for multiplicity, the overall family-wise type I
error rate for the primary and secondary efficacy analyses was
controlled at the o = 0.05 level by using a fixed-sequence testing
procedure. Additional continuous efficacy end points
were analyzed using the same MMRM methods as the primary
end point, and additional responder efficacy end points were
analyzed in a similar way to secondary responder end points but
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explored outside of the formal testing procedures and not
controlled for multiplicity.

The sample size of 600 patients (300 patients per treatment
group) was chosen to ensure adequate power for testing the
fixed-sequence procedure for the primary and secondary efhi-
cacy end points. The power calculations for the primary end
point were based on the placebo and linaclotide 290 g treat-
ment groups from the phase 3 trial (20). The patients in the
phase 3 trial were considered representative of the patient
population for this trial. Using a resampling with replacement-
based simulation (1,000 iterations) and controlling for multi-
plicity, the trial had >99% power to reject the primary end point
and ~94% power to reject all primary and secondary hypotheses
defined in the testing process.

RESULTS

Patient disposition, demographics, and baseline characteristics
Of the 1,045 patients screened, 614 were randomized and received
=1 dose of the study drug; 564 (91.9%) completed 12 weeks of
treatment. The treatment groups were well-balanced regarding
demographics and baseline symptoms (Table 1).

Compliance with eDiary completion was similar between
treatments with limited change across the 12 weeks. At week 1,
86.0% of linaclotide and 88.9% of placebo patients completed
=80% of the daily eDiary; at week 12, those percentages were
84.7% and 84.0%, respectively. Overall, the mean treatment
compliance rate was approximately 97% in both treatment
groups.

Efficacy results

The overall AS reduction was significantly greater for linaclotide-
treated patients compared with that for placebo (mean CFB: —1.9
vs —1.2; P << 0.0001; Table 2). Reduction from baseline in AS was
significantly greater for linaclotide compared with placebo
starting at week 1; differences were statistically significant for all
prespecified analysis time points using the fixed-sequence testing
procedure (P < 0.0005 for all linaclotide comparisons vs placebo;
Figure 1 and Table 2). The changes reached a plateau at week 8 for
placebo but continued to decrease for the remaining 4 weeks with
linaclotide.

The CDF plots for the 12-week CFB in AS showed that
greater proportions of linaclotide-treated patients had
a reduction compared with the placebo group; the difference
between the linaclotide and placebo distribution curves was
statistically significant (P < 0.0001; Figure 2). The plots showed
consistent separation of the linaclotide and placebo groups in
AS reductions ranging from <0 to —9, with the greatest sepa-
ration at thresholds of —1 to —4.

Of the linaclotide-treated patients, 40.5% were 6-week/12-
week AS responders, compared with 23.4% with placebo (odds
ratio = 2.2; 95% CI, 1.55-3.12; P < 0.0001). All primary and
secondary end point comparisons of linaclotide vs placebo were
statistically significant (Table 2).

Reductions in key abdominal symptoms-bloating, discom-
fort, and pain-seemed similar to the reductions in AS (mean CFB
vs placebo: —1.9 vs —1.1, —=1.9 vs —1.2, —1.9 vs —1.2, re-
spectively; P < 0.0001 for each [see Table, Supplemental Digital
Content 3, http://links.lww.com/AJG/C50]). CFB for abdominal
bloating showed reductions for the linaclotide-treated patients at
each week for 12 weeks (P < 0.0001 for all comparisons; Figure 3).
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Similarly, CFB for abdominal discomfort and pain showed re-
ductions at each week for 12 weeks (P =< 0.0005 for all linaclotide
vs placebo comparisons; Figure 3).

The combined abdominal pain and constipation responder
end point showed a higher response rate for the linaclotide-
treated patients compared with the placebo group (29.4% vs
16.9%; P < 0.001). All additional end points showed benefit for
linaclotide (P < 0.0001), with the exception of CFB in per-
centage of days with use of rescue medicine (P = 0.1632) (see
Table, Supplementary Digital Content 3, http://links.Iww.
com/AJG/C50).

AS and bowel symptom data in the RWP demonstrated that
patients with continued linaclotide dosing had a persistent
treatment response, whereas patients who shifted from lina-
clotide to placebo had a diminished treatment response (see
Table, Supplementary Digital Content 4, http://links.Iww.com/
AJG/C51).

Safety
During the treatment period, the incidence of treatment-
emergent AEs (TEAEs) in the linaclotide and placebo groups

Table 1. Patient demographics and baseline characteristics

Placebo Linaclotide
Characteristic (N = 308) (N = 306)
Age (yr), mean (range) 46.8 (18-79)  46.5(19-85)
=65 yr, n (%) 36 (11.7) 33(10.8)
Women, n (%) 255 (82.8) 241 (78.8)
Race, n (%)
White 198 (64.3) 189 (61.8)
Black 70 (22.7) 76 (24.8)
Asian 35(11.4) 36(11.8)
Other 5(1.6) 5(1.6)
BMI, mean (SD) 29.39 (6.51)  29.50 (6.88)
Previous GC-C agonist exposure, n (%)? 69 (22.4) 64 (20.9)
Baseline efficacy values, mean (SD)
Abdominal Score 6.46 (1.60) 6.39 (1.63)
Bloating 6.64 (1.70) 6.56 (1.71)
Discomfort 6.47 (1.64) 6.39 (1.64)
Pain 6.26 (1.66) 6.22 (1.69)
CSBMs/wk 0.26 (0.53) 0.27 (0.51)
SBMs/wk 1.60 (1.09) 1.72(1.11)
BSFS score 2.11 (0.88) 2.19(0.94)
IBS symptom severity® 3.62 (0.68) 3.59 (0.70)
Constipation severity® 3.72 (0.63) 3.71(0.73)

BMI, body mass index; BSFS, Bristol Stool Form Scale; CSBM, complete
spontaneous bowel movement; GC-C, guanylate cyclase-C; IBS, irritable bowel
syndrome; IBS-C, constipation-predominant IBS; SBM, spontaneous bowel
movement.

@Patients who reported previous treatment with linaclotide or plecanatide (both
are GC-C agonists approved to treat IBS-C) were allowed to enter the study after
a 30-day medication washout.

PAssessed on a scale of 1-5 (1 = none; 5 = very severe).
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Table 2. Overview of efficacy results (primary and secondary end points)

Fixed sequence for testing Placebo Linaclotide Pvalue®
1 CFB in weekly Abdominal Score—overall —1.182 (0.109) —-1.898 (0.111) <0.0001
treatment effect, LS mean (SE)
2 CFB in the 12-wk Abdominal — — <0.0001
Score-cumulative distribution®
3 The 6-wk/12-wk Abdominal Score responder, 23.4 40.5 <0.0001
9c
CFB in weekly Abdominal Score, LS mean (SE)
4 Atwk 12 —1.480(0.133) —2.347 (0.135) <0.0001
5 Atwk 10 —1.478(0.130) —2.197 (0.132) <0.0001
6 Atwk 8 —1.446 (0.130) —2.110(0.131) 0.0002
7 Atwk 6 —1.183(0.122) —2.014 (0.124) <0.0001
8 At wk 4 —1.048 (0.115) —1.731(0.117) <0.0001
9 Atwk 2 —0.795 (0.102) —1.423 (0.104) <0.0001
10 Atwk 1 —0.490 (0.085) —0.925 (0.087) <0.0001

LS means, SEs, LSMDs, and P values were obtained based on an MMRM with treatment, analysis week, geographic region, and treatment-by-week interactions as fixed
effects and baseline score as a covariate.

CFB, change from baseline; LS, least squares; LSMD, least squares mean difference; MMRM, mixed model with repeated measures.

2P values met the criteria for statistical significance under the fixed-sequence testing procedure.

The cumulative distribution function plot of CFB in the 12-week Abdominal Score is shown in Figure 2.

“Based on a 2-point improvement on the Abdominal Score.

was 31.0% and 26.6%, respectively (Table 3). Overall, 9 (2.9%) Diarrhea was the most frequently reported TEAE among
linaclotide-treated and 4 (1.3%) placebo-treated patients dis-  linaclotide-treated patients, reported by 14 patients (4.6%) receiving
continued treatment because of AEs. linaclotide and 5 (1.6%) receiving placebo. Of the 14 linaclotide-

Treatment period week
Baseline 1 2 3 4 5 6 7 8 9 10 11 12

0.0 | | | | | | | | | | | |

Placebo
—fll— Linaclotide 290 pg

-0.5

-1.5

-2.0 7

LS mean change (SE) from baseline

-3.0 —

Figure 1. Change from baseline in LS mean Abdominal Score at each week during the treatment period. *£= 0.0002 (P< 0.0001 for all linaclotide comparisons vs
placebo except week 8 [P = 0.0002]), based on LS mean CFB. LS means were obtained based on a mixed model with repeated measures, with treatment, analysis
week, geographic region, and treatment-by-week interactions as fixed effects and baseline score as a covariate. CFB, change from baseline; LS, least squares.
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P < 0.00012
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Worsening

Placebo
- Linaclotide 290 pg

-3 -2 -1 0 1 2 3 4 5

Change from baseline in 12-week Abdominal Score

Figure 2. Change from baseline in the 12-week Abdominal Score by cumulative distribution function. Cumulative distribution function; each plotted point
represents a single patient, with the y value for that point representing the cumulative percentage of patients with = change from baseline on the x axis.
aPvalue comparing change from baseline distributions by treatment obtained from Wilcoxon rank sumtest. Pvalue met the criteria for statistical significance

under the fixed-sequence testing procedure.

treated patients, 2 (0.7%) experienced severe diarrhea, 4 (1.3%)
moderate, and 8 (2.6%) mild. No patients had diarrhea as a serious
AE. Discontinuations due to diarrhea occurred in 5 linaclotide-
treated patients (1.6%) and none in the placebo group. Exploratory
analyses found no correlations between diarrhea TEAE and previous
GC-C exposure.

Four patients (1.3%) in the linaclotide group and 2 patients
(0.6%) in the placebo group reported at least 1 serious AE; none
were considered related to the study treatment (see Table, Sup-
plementary Digital Content 5, http://links.Iww.com/AJG/C52).
No deaths were reported.

During the RWP, TEAEs occurred in 10.1% of linaclotide-
linaclotide patients, 10.2% of linaclotide-placebo patients, and
18.3% of placebo-linaclotide patients. Diarrhea occurred in
2.2% of linaclotide-linaclotide patients, 1.5% of linaclotide-
placebo  patients, and 57% of placebo-linaclotide
patients. Incidence of other TEAEs during the period was
similar across the 3 treatment sequences. No patients in the
linaclotide-placebo sequence experienced worsening in symp-
toms relative to baseline during this period.

DISCUSSION

This is the first large phase 3 clinical trial using a novel patient-
centric measure of IBS-C symptoms, the DIBSS-C AS, to evaluate
the efficacy of a pharmacologic intervention in
reducing abdominal bloating, discomfort, and pain in patients
with IBS-C. Linaclotide was associated with a significantly greater
reduction from baseline in AS compared with placebo for the
overall treatment period. Differences from placebo at each of the
12 weeks were significant (P = 0.0002) and ranged from 0.435 at
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week 1 to 0.867 at week 12. Linaclotide was associated with sig-
nificant reductions in individual abdominal bloating, discomfort,
and pain symptoms vs placebo in the first week, followed by
progressive reductions through 12 weeks of the treatment period
and sustained in the linaclotide-treated patients who continued
on linaclotide through week 16 (end of the RWP).

The clinical relevance of the treatment difference using the AS
may be best understood by considering the primary end point
results-both the primary and secondary analyses of the end
point-in conjunction with the overall magnitude of change in AS.
For linaclotide-treated patients, the mean CFB in AS surpassed
the —2.0 threshold at week 6, whereas for placebo-
treated patients, it did not cross the —2.0 threshold during the
12-week treatment period. Furthermore, 40.5% of linaclotide-
treated patients achieved a =2.0-point decrease in AS for at least 6
of the 12 weeks of treatment when compared with 23.4% in the
placebo group (P < 0.0001). Based on psychometric analyses of
clinical trial data, a 2.0-point change in the AS was determined to
be an appropriate threshold for identifying meaningful within-
patient change (23). However, a threshold of 2.5 points was ul-
timately selected after interaction with the US FDA and is
reflected in the linaclotide prescribing information, with a treat-
ment difference of 15.5% (95% CI, 8.6%-22.3%) (10).

Patients with IBS-C experience multiple important and
bothersome bowel and abdominal symptoms,
including infrequent BMs, straining, abdominal bloating, dis-
comfort, and pain (3). Although abdominal pain and discomfort
are defining features of IBS (4,24), with pain driving increases in
overall IBS severity and healthcare visits and decreases in HRQoL
(26), abdominal bloating is reported in up to 75% of patients, with
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Figure 3. Individual abdominal symptom results: abdominal bloating, discomfort, and pain. Nominal P = 0.0001 for all linaclotide comparisons vs placebo,
except week 8 for abdominal pain (P = 0.0002) and discomfort (P = 0.0005) based on a mixed model with repeated measures, with treatment, analysis

week, geographic region, and treatment-by-week interactions as fixed effects and baseline score as a covariate. LS, least squares.

most reporting moderate to severe bloating with effects on
HRQoL (7). A recent study found that pain and bloating in IBS
contribute to medication risk-taking behavior (27). Furthermore,
these abdominal symptoms can be manifestations of visceral
hypersensitivity, a hallmark IBS characteristic. Multiple studies
have demonstrated decreased abdominal pain and discomfort
thresholds in response to balloon distension in the rectum and

Table 3. TEAEs reported in >1% of the linaclotide-treated
patients during the treatment period

Placebo Linaclotide

Adverse event (preferred term) (N=308),n(%) (N =306),n (%)
Patients with at least 1 TEAE 82 (26.6) 95 (31.0)
Diarrhea 5(1.6) 14 (4.6)
Headache 3(1.0) 8(2.6)
Abdominal pain® 7 (2.3) 7(2.3)
Nausea 5(1.6) 6 (2.0)
Upper respiratory tract infection 4(1.3) 6(2.0)
Nasopharyngitis 9(2.9) 5(1.6)
Abdominal distension 4(1.3) 4(1.3)
Cough 3(1.0) 4(1.3)
Urinary tract infection 3(1.0) 4(1.3)

N, number of patients in the safety population; n, number of patients with TEAES

within a specific category; TEAE, treatment-emergent adverse event.

2Abdominal pain includes the preferred terms “abdominal pain,” “abdominal
pain upper,” and “abdominal pain lower.”

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology

colon of patients with IBS compared with healthy controls
(28-32). In addition, abdominal pain and bloating are the 2 IBS
symptoms that are associated with increased rectal perception in
IBS (31).

Several different global and symptom-specific PRO measures
have been used to support approval of treatments for IBS. However,
the US FDA has consistently emphasized the need for a compre-
hensive patient-centric measure in line with expectations described
in its PRO guidance (22) that includes patient assessments of stool
consistency, bowel function, and abdominal symptom severity to
best capture the complete patient experience and measure treatment
response in IBS-C clinical trials (21). The DIBSS-C was developed by
the IBS Working Group of the Critical Path Institute’s PRO Con-
sortium, in collaboration with a patient advocacy organization,
clinical experts, measurement experts, and input from the US FDA
to support the construction of primary and secondary end points in
IBS-C clinical trials under the US FDA’s Drug Development Tool
qualification program. To assess core abdominal symptoms im-
portant to patients withIBS-C, AS was derived from the 3 abdominal
symptom items of the DIBSS-C (bloating, discomfort, and pain).
Psychometric analyses provide evidence of reliability, validity, re-
sponsiveness, and interpretability of the DIBSS-C AS for assessing
treatment benefit in IBS-C clinical trials (23).

Given recent research that found that the presentation and
characteristics of abdominal symptoms differ among the IBS
subtypes (1), the DIBSS-C, developed and validated for use in
patients with the IBS-C subtype, will prove useful in future clinical
trials evaluating symptom improvement in patients with IBS-C.
Importantly, the AS allows for the assessment of abdominal
symptom relief independent of BM relief and clinically mean-
ingful assessment of 2 key symptoms endorsed as important to
patients with IBS-C-abdominal bloating and discomfort-both
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not previously captured by the US FDA-recommended primary
end point (21). In yielding the multi-item AS, the DIBSS-C is an
important, novel tool for evaluating the efficacy of linaclotide in
relieving the key abdominal symptoms of bloating, discomfort,
and pain. The safety profile of linaclotide during this study was
consistent with previous results, although the rate of diarrhea was
lower than that reported in previous linaclotide studies in IBS-C
(19,20). In addition, symptoms did not worsen relative to baseline
in the RWP.

This trial enrolled patients with IBS-C based on the Rome III
diagnostic criteria for consistency with the validating trial for the
DIBSS-C (23,33). Patient information relevant to the Rome IV
criteria were also collected. An assessment of the enrolled patients
showed that 613 of the 614 patients also met the Rome IV criteria.
More than 80% of the patients enrolled in this trial were women;
although this is higher than estimates of the percentage of female
patients with IBS-C (34), it is consistent with earlier linaclotide
trials in IBS-C (19,20) and with the increased likeliness of women to
seek health care for IBS compared with men by a ratio of 2.5:1 (35).

Compared with placebo, linaclotide significantly improved mul-
tiple IBS-C abdominal symptoms identified by patients as bother-
some and important for a treatment to improve (abdominal bloating,
discomfort, and pain), with reported AEs consistent with the estab-
lished safety profile. This phase 3B trial using the novel DIBSS-C AS
demonstrated the efficacy of linaclotide beyond the traditional
symptoms of BMs and abdominal pain, with results indicating lina-
clotide can be used effectively as a single pharmacologic approach in
the management of IBS-C-associated abdominal symptoms.
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WHAT IS KNOWN

\/ Abdominal pain, in conjunction with disordered defecation,
defines irritable bowel syndrome (IBS).

\/ Patients with constipation-predominant IBS often experience
additional bothersome abdominal symptoms, including
bloating and discomfort.

\/ To fully characterize constipation-predominant IBS treatment
effects on abdominal symptoms, an appropriately developed
patient-reported outcome instrument is needed.

WHAT IS NEW HERE

/ The Diary for IBS Symptoms-Constipation (DIBSS-C) is a new
patient-reported outcome instrument.

DIBSS-C is inclusive of the Abdominal Score assessing
bloating, discomfort, and pain severity.

\/ This is the first large randomized controlled trial evaluating
constipation-predominant IBS treatment efficacy using the
DIBSS-C.

Linaclotide showed overall benefit for key abdominal
symptoms (bloating, discomfort, and pain) compared with
placebo.

REFERENCES

1. Shah ED, Almario CV, Spiegel BM, et al. Presentation and characteristics of
abdominal pain vary by irritable bowel syndrome subtype: Results of a
nationwide population-based study. Am ] Gastroenterol 2020;115:294-301.

2. Fehnel SE, Ervin CM, Carson RT, et al. Development of the diary for
irritable bowel syndrome symptoms to assess treatment benefit in clinical
trials: Foundational qualitative research. Value Health 2017;20:618-26.

3. Heidelbaugh JJ, Stelwagon M, Miller SA, et al. The spectrum of
constipation-predominant irritable bowel syndrome and chronic
idiopathic constipation: US survey assessing symptoms, care seeking, and
disease burden. Am J Gastroenterol 2015;110:580-7.

4. Lacy BE, Mearin F, Chang L, et al. Bowel disorders. Gastroenterology
2016;150:1393-407.€5.

5. Brierley SM, Linden DR. Neuroplasticity and dysfunction after gastrointestinal
inflammation. Nat Rev Gastroenterol Hepatol 2014;11:611-27.

6. Grundy L, Erickson A, Brierley SM. Visceral pain. Annu Rev Physiol
2019;81:261-84.

7. Lacy BE, Cangemi D, Vazquez-Roque M. Management of chronic
abdominal distension and bloating. Clin Gastroenterol Hepatol 2021;19:
219-31.el.

8. Rao SSC, Quigley EMM, Shiff SJ, et al. Effect of linaclotide on severe
abdominal symptoms in patients with irritable bowel syndrome with
constipation. Clin Gastroenterol Hepatol 2014;12:616-23.

9. Neri L, Iovino P; The Laxative Inadequate Relief Survey (LIRS) Group.
Bloating is associated with worse quality of life, treatment satisfaction,
and treatment responsiveness among patients with constipation-

VOLUME 116 | SEPTEMBER 2021 www.amjgastro.com


https://clinicaltrials.gov/ct2/show/NCT03573908?term=MCP-103-312&tnqh_x0026;phase=2&tnqh_x0026;draw=2&tnqh_x0026;rank=1
https://clinicaltrials.gov/ct2/show/NCT03573908?term=MCP-103-312&tnqh_x0026;phase=2&tnqh_x0026;draw=2&tnqh_x0026;rank=1
https://clinicaltrials.gov/ct2/show/NCT03573908?term=MCP-103-312&tnqh_x0026;phase=2&tnqh_x0026;draw=2&tnqh_x0026;rank=1
http://www.amjgastro.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology

predominant irritable bowel syndrome and functional constipation.
Neurogastroenterol Motil 2016;28:581-91.

US Food and Drug Administration. Linzess-Highlights of Prescribing
Information (https://media.allergan.com/actavis/actavis/media/allergan-
pdf-documents/product-prescribing/Final_labeling_text_10-2018-AR-
updates-LINZESS-clean.pdf) (2020). Accessed February 2021.

Bryant AP, Busby RW, Bartolini WP, et al. Linaclotide is a potent and
selective guanylate cyclase C agonist that elicits pharmacological effects
locally in the gastrointestinal tract. Life Sci 2010;86:760-5.

Busby RW, Bryant AP, Bartolini WP, et al. Linaclotide, through activation of
guanylate cyclase C, acts locally in the gastrointestinal tract to elicit enhanced
intestinal secretion and transit. Eur ] Pharmacol 2010;649:328-35.

Busby RW, Kessler MM, Bartolini WP, et al. Pharmacologic properties,
metabolism, and disposition of linaclotide, a novel therapeutic peptide
approved for the treatment of irritable bowel syndrome with constipation and
chronic idiopathic constipation. ] Pharmacol Exp Ther 2013;344:196-206.
Tchernychev B, Ge P, Kessler MM, et al. MRP4 modulation of the guanylate
cyclase-c/cGMP pathway: Effects on linaclotide-induced electrolyte
secretion and cGMP efflux. ] Pharmacol Exp Ther 2015;355:48-56.
Castro J, Harrington AM, Hughes PA, et al. Linaclotide inhibits colonic
nociceptors and relieves abdominal pain via guanylate cyclase-C and
extracellular cyclic guanosine 3’,5’-monophosphate. Gastroenterology
2013;145:1334-46.e11.

Grundy L, Harrington AM, Castro J, et al. Chronic linaclotide treatment
reduces colitis-induced neuroplasticity and reverses persistent bladder
dysfunction. JCI Insight 2018;3:¢121841.

Eutamene H, Bradesi S, Larauche M, et al. Guanylate cyclase C-mediated
antinociceptive effects of linaclotide in rodent models of visceral pain.
Neurogastroenterol Motil 2010;22:312-e84.

Ge P, Ren ], Harrington AM, et al. Linaclotide treatment reduces
endometriosis-associated vaginal hyperalgesia and mechanical allodynia
through viscerovisceral cross-talk. Pain 2019;160:2566-79.

Chey WD, Lembo AJ, Lavins BJ, et al. Linaclotide for irritable bowel
syndrome with constipation: A 26-week, randomized, double-blind,
placebo-controlled trial to evaluate efficacy and safety. Am J
Gastroenterol 2012;107:1702-12.

Rao S, Lembo AJ, Shiff §J, et al. A 12-week, randomized, controlled trial
with a 4-week randomized withdrawal period to evaluate the efficacy and
safety of linaclotide in irritable bowel syndrome with constipation. Am J
Gastroenterol 2012;107:1714-24.

US Food and Drug Administration. Guidance for Industry. Irritable
Bowel Syndrome-Clinical Evaluation of Products for Treatment (http://
www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/UCM205269.
pdf) (2012). Accessed February 2021.

US Food and Drug Administration. Guidance for Industry: Patient-
Reported Outcome Measures: Use in Medical Product Development to

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Linaclotide Efficacy for Abdominal Symptoms

Support Labeling Claims (https://www.fda.gov/media/77832/download)
(2009). Accessed February 2021.

Coon CD, Hanlon ], Abel JL, et al. Psychometric analysis of the abdominal
score from the Diary for Irritable Bowel Syndrome
Symptoms—Constipation using phase IIb clinical trial data. Value Health
2020;23:362-9.

Longstreth GF, Thompson WG, Chey WD, et al. Functional bowel
disorders. Gastroenterology 2006;130:1480-91.

Heaton KW, O’Donnell L]. An office guide to whole-gut transit time.
Patients’ recollection of their stool form. J Clin Gastroenterol 1994;19:
28-30.

Spiegel BMR, Bolus R, Harris LA, et al. Characterizing abdominal pain in
IBS: Guidance for study inclusion criteria, outcome measurement and
clinical practice. Aliment Pharmacol Ther 2010;32:1192-202.

Shah SL, Janisch NH, Crowell M, et al. Patients with irritable bowel
syndrome are willing to take substantial medication risks for symptom
relief. Clin Gastroenterol Hepatol 2021;19:80-6.

Bouin M, Plourde V, Boivin M, et al. Rectal distention testing in
patients with irritable bowel syndrome: Sensitivity, specificity, and
predictive values of pain sensory thresholds. Gastroenterology 2002;
122:1771-7.

Moshiree B, Zhou Q, Price DD, et al. Central sensitisation in visceral pain
disorders. Gut 2006;55:905-8.

Munakata J, Naliboff B, Harraf F, et al. Repetitive sigmoid stimulation
induces rectal hyperalgesia in patients with irritable bowel syndrome.
Gastroenterology 1997;112:55-63.

. Posserud I, Syrous A, Lindstrom L, et al. Altered rectal perception in

irritable bowel syndrome is associated with symptom severity.
Gastroenterology 2007;133:1113-23.

Price DD, Zhou Q, Moshiree B, et al. Peripheral and central
contributions to hyperalgesia in irritable bowel syndrome. ] Pain 2006;
7:529-35.

Chey WD, Sayuk GS, Bartolini W, et al. Randomized trial of 2 delayed-
release formulations of linaclotide in patients with irritable bowel
syndrome with constipation. Am J Gastroenterol 2021;116:354-61.
Herman J, Pokkunuri V, Braham L, et al. Gender distribution in irritable
bowel syndrome is proportional to the severity of constipation relative to
diarrhea. Gend Med 2010;7:240-6.

Adeyemo MA, Spiegel BMR, Chang L. Meta-analysis: Do irritable bowel
syndrome symptoms vary between men and women? Aliment Pharmacol
Ther 2010;32:738-55.

This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or used
commercially without permission from the journal.

The American Journal of GASTROENTEROLOGY

1937


https://media.allergan.com/actavis/actavis/media/allergan-pdf-documents/product-prescribing/Final_labeling_text_10-2018-AR-updates-LINZESS-clean.pdf
https://media.allergan.com/actavis/actavis/media/allergan-pdf-documents/product-prescribing/Final_labeling_text_10-2018-AR-updates-LINZESS-clean.pdf
https://media.allergan.com/actavis/actavis/media/allergan-pdf-documents/product-prescribing/Final_labeling_text_10-2018-AR-updates-LINZESS-clean.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM205269.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM205269.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM205269.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM205269.pdf
https://www.fda.gov/media/77832/download
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

