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INTRODUCTION: This post hoc analysis evaluated the efficacy of tenapanor on abdominal symptoms in patients with

irritable bowel syndrome with constipation. Abdominal symptoms assessed included pain, discomfort,

bloating, cramping, and fullness.

METHODS: The abdominal symptomdata were pooled from3 randomized controlled trials (NCT01923428, T3MPO-

1 [NCT02621892], and T3MPO-2 [NCT02686138]).Weekly scoreswere calculated for eachabdominal

symptom, and the Abdominal Score (AS) was derived as the average of weekly scores for abdominal pain,

discomfort, and bloating. The overall change from baseline during the 12 weeks was assessed for each

symptomweekly score and the AS. The AS6/12-week and 9/12-week response rates (AS improvement of

‡2 points for ‡6/12- or ‡9/12-week) were also evaluated. The association of weekly AS response status

(reductionof‡30%)withweeklycompletespontaneousbowelmovement (CSBM)status (50and>0)was
assessed.

RESULTS: Among 1,372 patients (684 tenapanor [50 mg twice a day] and 688 placebo), the least squares mean

change frombaseline in ASwas22.66 for tenapanor vs22.09 for placebo (P<0.0001). The 6/12-week

AS response rate was 44.4% for tenapanor vs 32.4% for placebo (P < 0.0001), and for 9/12-week AS,

30.6%for tenapanor vs20.5%forplacebo (P<0.0001).A significant associationbetweenweeklyCSBM

status and weekly AS response status was observed each week (P < 0.0001), with a greater proportion

achieving an AS reduction in patients with >0 CSBMs in a week.

DISCUSSION: Tenapanor significantly reduced abdominal symptoms in patients with irritable bowel syndrome with

constipation, particularly pain, discomfort, and bloating measured by AS, compared with placebo.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a commondisorder of gut-brain
interaction characterized by abdominal pain and altered bowel
movements (1). IBS is more common among women and in in-
dividuals younger than 50 years (2). IBS is classified according to
the predominant bowel habit, namely, IBS with constipation
(IBS-C), IBS with diarrhea (IBS-D), or IBS with mixed bowel
habits (IBS-M) (2). As defined by the Rome diagnostic criteria,

the estimated prevalence of IBS ranges from 4.8% (Rome IV) to
8.8% (Rome III) in the US adult population (3), with IBS-C ac-
counting for approximately 16% (Rome IV) to 29% (Rome III) of
these cases (3). The more stringent Rome IV diagnostic criteria
may underestimate the true prevalence and clinical and economic
impact of IBS (4).

Individuals with IBS-C have more bothersome, frequent, and
widespread abdominal pain than those with other IBS subtypes

1Digestive Disease Institute, Cleveland Clinic, Cleveland, Ohio, USA; 2Division of Gastroenterology, Department of Medicine, University of Michigan Health System,
Ann Arbor, Michigan, USA; 3Division of Gastroenterology & Hepatology, Mayo Clinic, Scottsdale, Arizona, USA; 4Division of Gastroenterology and Hepatology,
Northwestern University Feinberg School of Medicine, Chicago, Illinois, USA; 5Vatche and TamarManoukianDivision of Digestive Diseases, David Geffen School of
Medicine at University of California-Los Angeles, Los Angeles, California; 6Division of Gastroenterology and Hepatology, Mayo Clinic, Jacksonville, Florida, USA;
7Ardelyx, Waltham, Massachusetts, USA. Correspondence: Anthony J. Lembo, MD, FACG. E-mail: LEMBOA2@ccf.org.
Received September 20, 2023; accepted December 20, 2023; published online January 31, 2024

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

ARTICLE 937

FU
N
C
TI
O
N
A
L
G
I
D
IS
O
R
D
ER

S

http://links.lww.com/AJG/D192
https://doi.org/10.14309/ajg.0000000000002685
mailto:LEMBOA2@ccf.org


(5). They also experience other abdominal symptoms, such as
bloating, discomfort, cramping, and fullness (6,7). As the path-
ophysiology of IBS is multifactorial, the cause of these symptoms
is not completely understood. However, nonclinical studies have
found that visceral hypersensitivity (8,9) and increased intestinal
permeability (10–12) have been linked to abdominal pain.

Abdominal symptoms are associated with substantial mor-
bidity, increased use of healthcare resources, decreased work
productivity, and compromised health-related quality of life
(13–15). Although randomized placebo-controlled studies of
polyethylene glycol (16) and soluble fiber (17) demonstrated
improvement in bowel movements relative to placebo, they did
not significantly relieve abdominal pain or discomfort. In an
online survey of patients diagnosed with IBS-C, only 37% of those
taking over-the-counter treatment were satisfied with their re-
sponse (18).

To assess abdominal symptoms experienced by patients with
IBS-C in clinical trials, the IBS Working Group of the Critical
Path Institute’s Patient-Reported Outcome Consortium, with the
US Food and Drug Administration (FDA) guidance on patient-
reported outcomes, developed a new patient-reported outcomes
instrument, the Diary for IBS Symptoms-Constipation (6,19).
The Abdominal Score (AS) is a novel composite score derived
from the Diary for IBS Symptoms-Constipation that measures 3
key abdominal symptoms associated with IBS: bloating, pain, and
discomfort (19). AS was previously used as the primary endpoint
in a phase 3b study examining the efficacy of linaclotide in re-
ducing combined symptoms of pain, bloating, and discomfort
through 12 weeks of treatment in IBS-C (20).

Tenapanor, a first-in-class,minimally absorbed, smallmolecule
inhibitor of intestinal sodium/hydrogen exchanger 3, reduces in-
testinal sodiumabsorption, leading to retention of luminal water in
the gut (21,22) that facilitates accelerated intestinal transit and
softer stool consistency (21). Preclinical studies demonstrated that
sodium/hydrogen exchanger 3 inhibition with tenapanor reduced
intestinal permeability as measured by increased transepithelial
electrical resistance (23,24). Tenapanor also inhibited transient
receptor potential cation channel subfamily Vmember 1 signaling,
resulting in reduced visceral hypersensitivity and abdominal pain
(25). The degree to which these findings contribute to tenapanor’s
benefits for abdominal symptoms in patients with IBS-C remains
to be determined.

In a phase 2 study (NCT01923428), tenapanor 50 mg twice a
day (bid) significantly reduced abdominal symptoms compared
with placebo (26). In 2 subsequent, phase 3 studies (T3MPO-1
[NCT02621892] and T3MPO-2 [NCT02686138]), tenapanor
significantly increased the percentage of patients with IBS-C
meeting the abdominal pain responder definition (a decrease of
$30% in average weekly worst abdominal pain score from
baseline) (27,28). In T3MPO-1, 6 of 12-week and 9 of 12-week
responder rates were significantly higher with tenapanor than
placebo (27). Similarly, in T3MPO-2, a significantly greater
proportion of patients receiving tenapanorwere 6 of 12-week, 9 of
12-week, and 13 of 26-week abdominal pain responders com-
paredwith patients receiving placebo (28). In addition, tenapanor
had an early onset of action with robust improvements in ab-
dominal pain observed by week 1 andmaintained throughout the
treatment period (27,28).

Although abdominal pain is considered a clinical hallmark of
IBS, patients with IBS-C describe an array of additional bother-
some abdominal symptoms, including discomfort, bloating,

cramping, and fullness (6). To determine the overall effectiveness
of tenapanor on abdominal symptoms, we conducted a post hoc
analysis of data from the phase 2b and 3 studies to assess key IBS-
associated abdominal symptoms, as well as the novel AS.

METHODS
Patients and study design

Study designs and primary results of the phase 2b, T3MPO-1, and
T3MPO-2 studies have been previously reported (26–28). All 3
studies were multicenter, randomized, double-blind, placebo-
controlled trials conducted in the United States that enrolled
patients meeting Rome III criteria for IBS-C. The phase 2b study
was conducted at 79 sites (August 2013–October 2014), T3MPO-
1 at 92 sites (November 2015–March 2017), and T3MPO-2 at 92
sites (December 2015–August 2017).

In this post hoc analysis, data were pooled from the intent-to-
treat populations of patients with IBS-C who received tenapanor
50 mg bid or placebo bid during the first 12 weeks of treatment of
the phase 2b, T3MPO-1, and T3MPO-2 studies. Individual study
analysis of the intent-to-treat populations is also reported. Pa-
tients were included in the analysis if they met the individual
study eligibility criteria, were randomized, and received$1 dose
of study drug.

In all 3 studies, IBS abdominal symptoms and constipation
severity were assessed weekly through an interactive voice re-
sponse system telephone diary. The interactive voice response
system diary collected information on daily stool frequency, stool
consistency, straining, abdominal symptoms (pain, discomfort,
bloating, fullness, and cramping; each on an 11-point scale where
0 5 absent and 10 5 very severe), and rescue medication usage
(see Supplement Information, Supplementary Digital Content 1,
http://links.lww.com/AJG/D192).

Abdominal symptom scores, endpoints, and statistical analysis

Weekly scores for each abdominal symptom were calculated as
the average score for all days during a week with $4 days of
reporting of the given abdominal symptom (i.e., a valid week). In
this analysis, the ASwas calculated as the average of weekly scores
for abdominal pain, discomfort, and bloating; this approach re-
flects the grouping validated by Coon et al (19).

The overall change from baseline in AS during the first 12
weeks of treatment (pooled population, phase 2b study, T3MPO-
1) and during the 26-week treatment period (T3MPO-2) was
assessed using a mixed-effects model with repeated measures
(MMRM). The MMRM included fixed-effect factors of treat-
ment, week, and treatment-by-week; fixed-effect covariates of
baseline AS and baseline-by-week; and patient as a random effect.
An unstructured (UN) covariance was used in each MMRM
analysis by default. When the UN model failed to converge, a
heterogeneous autoregression (ARH(1)) covariance structure
was used. The cumulative distribution of the change from base-
line in AS for tenapanor and placebo in week 12 (pooled pop-
ulation, phase 2b study, T3MPO-1) and in week 26 (T3MPO-2)
was compared using theWilcoxon rank sum test, and the P value
was estimated using a Monte Carlo approach.

Weekly AS response was defined as achieving a reduction of
$2 points in AS for a given week, which has been shown to be an
appropriate threshold for clinicallymeaningful change in patients
(19). Weekly response rates were analyzed using the Pearson x2

test in which patients with a missing weekly AS due to discon-
tinuation or an invalid week were included in the calculation and
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assumed to have no response in that week (i.e., a worst-case im-
putation approach).

Six of 12-week and 9 of 12-week AS responses were defined as
achieving a weekly AS response for$6 or$9 weeks of the first 12
weeks. In T3MPO-2, a 13 of 26-week AS response was defined as
achieving anAS response for$13weeks of the 26-week treatment
period. The 6 of 12-, 9 of 12-, and 13 of 26-week response rates
were also analyzed using the Pearson x2 test, with the worst-case
imputation approach applied to determine a patient’s response
status for each week of the treatment period.

The association of the weekly AS response status with the
weekly CSBM status (50 or.0) of the pooled data was assessed
using the Cochran-Mantel-Haenszel test. The CSBM status of
each patient is the weekly CSBM score for the corresponding
study week. The Cochran-Mantel-Haenszel P value was based on
a 1 degree of freedom test for association between weekly AS
response status and weekly CSBM status, stratified by the pooled
investigator site.

RESULTS

Patient disposition, demographics, and baseline characteristics

For this post hoc analysis, the pooled population of patients with
IBS-C included 684 in the tenapanor group and 688 in the placebo
group. Demographic and baseline characteristics of the pooled
population were similar between the tenapanor and placebo
groups (Table 1). Most patients were women (82.4%); the mean
age was 45.3 years; and the mean weekly CSBM frequency was

0.16 at baseline. Weekly scores of baseline abdominal symptoms
ranged from 5.99 to 6.69.

Weekly abdominal symptoms

Improvements in abdominal pain, discomfort, bloating, cramp-
ing, and fullness were seen as early as thefirst week of treatment in
the pooled population (Figure 1) and in all 3 studies separately
(see Supplementary Figures S1–S3, Supplementary Digital Con-
tent 1, http://links.lww.com/AJG/D192). For patients with IBS-C
who received tenapanor, significant improvementswere observed
in the average weekly scores from baseline to week 12 for ab-
dominal pain, discomfort, bloating, and cramping during the
phase 2b study (see Supplementary Table S1, Supplementary
Digital Content 1, http://links.lww.com/AJG/D192); for abdom-
inal pain, discomfort, bloating, cramping, and fullness during
T3MPO-1 (see Supplementary Table S2, Supplementary Digital
Content 1, http://links.lww.com/AJG/D192); and for the same
symptoms, with the exception of abdominal cramping, from
baseline to week 26 during T3MPO-2 (see Supplementary Table
S3, Supplementary Digital Content 1, http://links.lww.com/AJG/
D192).

Change in Abdominal Score over 12- and 26-week

treatment periods

The least squares (LS)meanAS change frombaseline of the pooled
population was greater with tenapanor compared with placebo
over the first 12 weeks of treatment (22.66 vs22.09, P, 0.0001)
(Figure 2). Similar trends were observed in the phase 2b and

Table 1. Patient demographics and baseline characteristics (pooled population)

Demographic or characteristic Placebo (N 5 688) Tenapanor 50 mg bid (N5 684) Overall (N 5 1,372)

Age, yr, mean (SD) 45.0 (13.5) 45.7 (13.1) 45.3 (13.3)

Sex, n (%)

Female 572 (83.1) 559 (81.7) 1131 (82.4)

Race, n (%)

White 442 (64.2) 452 (66.1) 894 (65.2)

Black or African American 214 (31.1) 195 (28.5) 409 (29.8)

Asian 14 (2.0) 24 (3.5) 38 (2.8)

Othera 18 (2.6) 13 (1.9) 31 (2.3)

Body mass index, kg/m2, mean (SD) 29.9 (6.8) 30.0 (7.0) 30.0 (6.9)

Duration of IBS-C symptoms before

randomization, yr, mean (SD)b
n5 684

11.6 (11.9)

n 5 682

11.2 (11.6)

n 5 1,366

11.4 (11.7)

Baseline efficacy weekly values, mean (SD)

Abdominal Score 6.43 (1.64) 6.43 (1.64) 6.43 (1.64)

Pain 6.27 (1.65) 6.24 (1.67) 6.25 (1.66)

Discomfort 6.45 (1.68) 6.45 (1.67) 6.45 (1.67)

Bloating 6.57 (1.82) 6.61 (1.77) 6.59 (1.79)

Cramping 5.99 (1.92) 6.05 (1.92) 6.02 (1.92)

Fullness 6.64 (1.80) 6.69 (1.75) 6.67 (1.78)

CSBM frequency per week 0.16 (0.40) 0.16 (0.42) 0.16 (0.41)

bid, twice a day; CSBM, complete spontaneous bowel movement; IBS-C, irritable bowel syndrome with constipation.
aIncludes Asian, multiple, American Indian/Alaska Native, and unknown.
bSix patients in the T3MPO-1 study did not report the start date of their IBS-C symptoms.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

FU
N
C
TI
O
N
A
L
G
I
D
IS
O
R
D
ER

S

Abdominal Symptom Improvement 939

http://links.lww.com/AJG/D192
http://links.lww.com/AJG/D192
http://links.lww.com/AJG/D192
http://links.lww.com/AJG/D192
http://links.lww.com/AJG/D192


T3MPO-1 studies (see Supplementary Figures S4a and S4b, Sup-
plementary Digital Content 1, http://links.lww.com/AJG/D192),
while in T3MPO-2, the significant difference between tenapanor
and placebo in the LS mean AS change was sustained for the 26-

week treatment period (see Supplementary Figure S4c, Supple-
mentary Digital Content 1, http://links.lww.com/AJG/D192). At
week 12, cumulative distribution of change from baseline in AS
significantly favored tenapanor over placebo (estimated P ,

Figure1.Rawmeanchange frombaseline in averageweekly score of each abdominal symptomover the first 12weeks of treatment (pooled population). (a)
Abdominal pain, (b) abdominal discomfort, (c) abdominal bloating, (d) abdominal cramping, and (e) abdominal fullness. Error bars represent standard
error. n, the number of patients included in the summary in the corresponding study week.

The American Journal of GASTROENTEROLOGY VOLUME 119 | MAY 2024 www.amjgastro.com

FU
N
C
TI
O
N
A
L
G
I
D
IS
O
R
D
ER

S
Lembo et al940

http://links.lww.com/AJG/D192
http://links.lww.com/AJG/D192
http://www.amjgastro.com


0.0001; 99% confidence interval,0.0001–,0.0001) in the pooled
population (Figure 3) and in the individual studies (see Supple-
mentary Figure S5, Supplementary Digital Content 1, http://links.
lww.com/AJG/D192).

Abdominal Score response rates over 12- and 26-week periods

Weekly AS response rates were consistently higher with tenapanor
compared with placebo in the pooled population over the first 12
weeks (Figure 4) and in the individual studies (see Supplementary

Figure S6, Supplementary Digital Content 1, http://links.lww.com/
AJG/D192). Patients receiving tenapanor had significantly higher 6
of 12-week and 9 of 12-week AS response rates compared with
patients receiving placebo in the pooled population (Figure 5).
Similar patterns were observed in the individual studies for the 6 of
12-week, 9 of 12-week, and 13 of 26-week response rates (see
Supplementary Figure S7, SupplementaryDigital Content 1, http://
links.lww.com/AJG/D192).

Association between weekly Abdominal Score response and

weekly CSBM status

There was a statistically significant association (P , 0.0001) be-
tween weekly CSBM status and weekly AS response status in each
study week (Figure 6), with a greater proportion achieving an AS
reduction of $30% in patients with .0 CSBMs in a week com-
pared with patients with 0 CSBMs in a week. This association was
also significant when the weekly AS response was defined as
achieving a reduction of$2 points in AS for a given postbaseline
week (P, 0.0001; see Supplementary Figure S8, Supplementary
Digital Content 1, http://links.lww.com/AJG/D192).

Safety

Adverse events of the individual studies have been previously
reported (26–28). Diarrhea is themost common event in the pooled
population receiving tenapanor (n5 102, 14.8%). The first event of
diarrhea occurred mostly within the first month of tenapanor
treatment, with the median time to onset of 4.5 days (interquartile
range 2–23 days; see Supplementary Figure S9, Supplementary
Digital Content 1, http://links.lww.com/AJG/D192).

DISCUSSION
IBS-C is a clinically heterogeneous disorder, and available treat-
ments may not simultaneously improve both bowel movements
and the range of abdominal symptoms that patients experience
(abdominal pain, discomfort, bloating, cramping, and fullness)
(2,6,18,29,30). Tenapanor has previously demonstrated clinical
significance in improving CSBM and abdominal pain in phase 2
and phase 3 clinical studies, leading to FDA approval for use in
adult patients with IBS-C (26–28). Here, we demonstrate that
tenapanor also significantly decreases average weekly scores for
abdominal bloating, discomfort, cramping, and fullness from
baseline to week 12 compared with placebo for patients with IBS-
C. These improvements were observed as early as week 1 or 2 and
sustained through 12 weeks.

The AS is a validated measure developed in conjunction with
the FDA to assess global IBS-C symptoms. The AS, calculated as
the average of the weekly scores of 3 key abdominal symptoms
(bloating, pain, and discomfort), demonstrated a significantly
greater and sustained change from baseline with tenapanor in
each week over the 12-week treatment period compared with
placebo (P# 0.0001) in the pooled study population. In addition,
the weekly AS response for the T3MPO-2 study demonstrated a
sustained change from baseline with tenapanor over a 26-week
treatment period compared with placebo. Significantly greater
proportions of tenapanor-treated patients achieved $2-point
improvement in AS for $6 and $9 of the first 12 weeks of
treatment in the pooled population, and for$13 of the 26-week
treatment period in the T3MPO-2 study, when compared with
placebo. The weekly AS response status of tenapanor-treated
patients had significant association with the weekly CSBM status.

Figure2. LSmeanchange frombaseline inAbdominal Score over the first 12
weeks of treatment (pooled population). Error bars represent SE. LS mean,
SE, andP values came fromanunstructuredMMRMwith fixed-effect factors
of treatment, week, and treatment-by-week; fixed-effect covariates of base-
line Abdominal Score and baseline-by-week; and patient as a randomeffect.
****P , 0.0001. Abdominal Score was defined as the mean of weekly
scores for abdominal pain, discomfort, and bloating. LS, least squares;
MMRM, mixed-effects model with repeated measures; n, the number of
patients included in the summary in the corresponding study week.

Figure 3. Cumulative distribution function of change from baseline to week
12 in Abdominal Score (pooled population). The cumulative distribution
function plot illustrates the percentage of patients (y-axis) achieving a certain
level of response as assessed by the change from baseline in Abdominal
Score (x-axis). This plot shows that the tenapanor group had a consistently
higher percentageof patients achieving a certain level of responsecompared
with theplacebogroup, supporting theefficacy of tenapanor.Negative values
of change from baseline are indicative of improvement, whereas positive
values indicate worsening. aEstimated P-value comparing the cumulative
distribution functions between treatment armswas obtained fromaWilcoxon
2-sample test. Abdominal Score was defined as the average ofweekly scores
for abdominal pain, discomfort, and bloating.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY
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Abdominal pain, a defining feature of IBS (31), increases IBS
severity and healthcare visits, and together with bloating, decreases
quality of life (13,14,18). The use of the composite AS enables
assessment of clinically meaningful improvement of 3 key ab-
dominal symptoms. In the phase 3b clinical trial of linaclotide for
IBS-C that used AS as its primary endpoint, the LS mean change
from baseline was21.90 for linaclotide vs21.18 for placebo (P,
0.0001) over 12 weeks of treatment (20), representing a difference
of 0.72 points. This treatment difference was marginally greater
than that observed in the pooled population,22.66 for tenapanor
vs22.09 for placebo (P, 0.0001), with a difference of 0.57 points.
This difference may be due to the nature of a post hoc analysis of
data pooled from 3 studies of tenapanor vs a randomized placebo-
controlled trial of linaclotide inwhichASwas theprimaryoutcome.
However, as with patients treated with linaclotide (20), greater
proportions of patients treated with tenapanor had a consistent,
significant reduction compared with placebo (P , 0.0001) in the
change from baseline in 12-week AS. Furthermore, 44.4% of pa-
tients treated with tenapanor in the pooled population achieved a

decrease of$2 points inAS in$6 of thefirst 12weeks of treatment
compared with 32.4% for placebo (P , 0.0001), representing a
difference of 12.0%. This treatment difference was slightly lower
than that observed in the phase 3b study of linaclotide in IBS-C,
where 40.5% of patients treated with linaclotide were 6 of 12-week
AS responders, compared with 23.4% of placebo, with a repre-
sentative difference of 17.1%. The 2 studies had similar baseline
efficacy values for the abdominal symptoms, with only marginally
higher weekly CSBM frequency in the linaclotide study (0.26 vs
0.16). The age and sex of the patients in the 2 studies were also
comparable with the tenapanor post hoc analysis including more
Black, African American patients (29.8% vs 23.8%), but fewer
Asian patients (2.8% vs 11.6%). Investigations with greater repre-
sentation of these race groups are required to analyze responses
to different treatments. Furthermore, responder rate differences
between tenapanor and placebo are statistically significant
(10%–12%) and felt to be clinically important because a $10%
difference was considered the minimal clinically important
threshold in IBS pharmacotherapy guidelines (32,33). In addition,
like other IBS-C efficacy trials, real-world evidence will verify
clinical significance.

Tenapanor exhibits a more gradual onset of improvement in
abdominal symptoms comparedwith the almost immediate effect
on CSBM (27,28). However, the beneficial effects of tenapanor
relative to placebo for abdominal symptomswere significant from
the first week of treatment. This suggests that the mechanisms of
tenapanor-mediated CSBM improvement may differ with those
of tenapanor-mediated abdominal symptom improvement. The
mechanisms whereby tenapanor alleviates abdominal pain likely
contribute to the gradual onset of response but have not been fully
characterized. Nonclinical models of IBS-like colonic hypersen-
sitivity suggest tenapanor reduces visceral hypersensitivity and
normalizes colonic sensory neuronal excitability and transient
receptor potential cation channel subfamily Vmember 1 currents
(25). In addition, the study of colonic monolayer cultures from
patients with IBS-C found that tenapanor modulated intestinal
tight junctions and decreased permeability to macromolecules,
which may enhance the etiology of abdominal symptoms (24).
Further investigations to understand the antinociceptive action of
tenapanor may clarify the gradual improvement in abdominal
symptoms. However, the advantage of a treatment improving
both abdominal symptoms and CSBM is beneficial to the totality
of symptoms in patients with IBS-C.

Tenapanor has demonstrated a consistent and acceptable
safety profile in phase 2b and phase 3 studies (26–28). The most

Figure 4. Weekly Abdominal Score response rate over the first 12 weeks of treatment (pooled population). The weekly Abdominal Score response was
defined as achieving a reduction from baseline of$2 points in Abdominal Score for a given postbaseline week. The response rate was analyzed using the
Pearson x2 test with a worst-case imputation approach (patients with missing data included and assumed to have no response). ****P , 0.0001. The
Abdominal Score was defined as the average of weekly scores for abdominal pain, discomfort, and bloating.

Figure5.Six of 12-weekand9 of 12-weekAbdominal Score response rates
(pooled population). The 6 of 12- or 9 of 12-week Abdominal Score re-
sponse was defined as achieving weekly Abdominal Score response with
$2-point reduction in a week for $6 or 9 weeks of the first 12 weeks of
treatment. Response rates were analyzed using the Pearson x2 test with a
worst-case imputation approach (patients with missing data included and
assumed to have no response). P values were obtained from Pearson x2

tests. TheAbdominal Scorewas defined as the average of weekly scores for
abdominal pain, discomfort, and bloating. AS, Abdominal Score.
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commonly reported adverse event in all 3 studies was diarrhea,
occurring in 9%–15% of tenapanor-treated patients. Diarrhea as
an adverse event is consistent with the known mechanism of
action of tenapanor: an increase in stool water content and ac-
celerated intestinal transit. Diarrhea is generally transient, lasting
for #1 week, and is mostly mild to moderate in severity (28).

A strength of this post hoc analysis is the pooling of data from 3
studies, resulting in a sample size larger than that in any of the
individual studies. The larger sample size allows for a more pre-
cise estimate of the treatment effect, which will assist clinicians
and patients in decision making regarding the use of tenapanor
for IBS-C.

One limitation of this post hoc analysis is the use of Rome III
criteria rather thanRome IV to diagnose and enroll patients in the
individual studies because these studies started enrollment before
the release of Rome IV criteria. However, Rome III criteriamay be
more clinically applicable because they are less stringent than
Rome IV criteria (34). Like other IBS-C clinical trials (35–37), the
stringent entry criteria for these studies may also reflect enroll-
ment of a different population than that seen in real-world
practice.

In conclusion, we demonstrate that tenapanor significantly
improves abdominal symptoms, including pain, bloating, dis-
comfort, cramping, and fullness, in patients with IBS-C, with an
early onset of action that increases over time and is sustained
throughout the treatment period. Responder rates of AS support
these findings. The effects of tenapanor on the AS of the pooled
population were verified by the analyses of AS of the independent
studies. Cumulating evidence suggests that AS is a clinically
meaningful evaluation of abdominal symptoms described by
patients.
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NCT02621892: A 12-Week Study With a 4-Week Randomized
Withdrawal Period to Evaluate the Efficacy and Safety of Tenapanor
for the Treatment of IBS-C (T3MPO-1). NCT02686138: A 26-Week
Study to Evaluate the Efficacy and Safety of Tenapanor in IBS-C
(T3MPO-2).

Figure 6. Association of weekly Abdominal Score response status with weekly CSBM status. The weekly Abdominal Score response was defined as
achieving a reduction of$30% inAbdominal Score for a givenpostbaselineweek.Weekly CSBMstatus50 (a) or.0 (b) for a givenpostbaselineweek. The
association of weekly Abdominal Score status with the weekly CSBM status was assessed using the Cochran-Mantel-Haenszel test. The Abdominal Score
was defined as the average of weekly scores for abdominal pain, discomfort, and bloating. n, number of patients included in the summary in the
corresponding study week. CSBM, complete spontaneous bowel movement.
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