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Tenapanor Treatment of Patients With
Constipation-Predominant Irritable Bowel Syndrome:
A Phase 2, Randomized, Placebo-Controlled Efﬁcacy
and Safety Trial
William D. Chey, MD, AGAF, FACG, FACP, RFF1, Anthony J. Lembo, MD2 and David P. Rosenbaum, PhD3
OBJECTIVES:

Tenapanor is a ﬁrst-in-class, small-molecule inhibitor of the gastrointestinal sodium/hydrogen
exchanger NHE3. This study assessed the efﬁcacy and safety of tenapanor in patients with
constipation-predominant irritable bowel syndrome (IBS-C).

METHODS:

In this phase 2, double-blind study, patients with IBS-C (Rome III criteria) were randomized
(1:1:1:1) to receive tenapanor 5 mg, 20 mg, or 50 mg b.i.d., or placebo b.i.d. for 12 weeks. The
primary end point was the complete spontaneous bowel movement (CSBM) responder rate, deﬁned
as the proportion of patients reporting an increase from baseline of ≥1 CSBM/week for ≥6/12
treatment weeks. Secondary end points included abdominal symptom responder rates (≥30% score
improvement from baseline for ≥6/12 weeks) and a composite responder rate (CSBM and abdominal
pain response in the same week for ≥6/12 weeks).

RESULTS:

Overall, 356 patients were randomized (mean age: 45.7 years; 86.8% women) and 304 completed
the study. The CSBM responder rate was signiﬁcantly higher in the tenapanor 50 mg b.i.d. group than
in the placebo group (60.7 vs. 33.7%; P<0.001), as was the composite responder rate (50.0 vs.
23.6%; P<0.001). Responder rates for abdominal symptoms (pain, discomfort, bloating, cramping,
and fullness) were signiﬁcantly higher in the tenapanor 50 mg b.i.d. group than in the placebo group
(all P<0.05). Diarrhea was the most frequent adverse event (tenapanor b.i.d.: 20 mg, 12.4%; 50 mg,
11.2%).

CONCLUSIONS: Tenapanor 50 mg b.i.d. signiﬁcantly increased stool frequency and reduced abdominal symptoms in

patients with IBS-C. Further research into tenapanor as a potential treatment for these patients is
justiﬁed.
Am J Gastroenterol 2017; 112:763–774; doi:10.1038/ajg.2017.41; published online 28 February 2017

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder characterized by abdominal pain or discomfort
and altered bowel habits (1). IBS affects 7–21% of individuals globally (2,3), with constipation-predominant IBS (IBS-C) accounting
for approximately one-third of cases (4). IBS has both a significant societal impact and a significant personal impact, resulting
from impaired quality of life, loss of work productivity, and
increased healthcare resource utilization (5).

In addition to typical IBS symptoms such as abdominal pain and
bloating, patients with IBS-C commonly report hard and infrequent stools, straining, and a sensation of incomplete evacuation
(6). Patients with IBS-C also have a substantially impaired quality of life (4,5). The negative impacts of IBS-C are often similar
to (or worse than) those observed in chronic diseases that are
traditionally perceived as being more serious than IBS, such as
inflammatory bowel disease, rheumatoid arthritis, and diabetes
mellitus (7–9).
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Diagnosis of IBS-C and adequate treatment of individuals with
IBS-C present significant challenges, owing to the diverse and
dynamic nature of symptoms that accompany a symptom-based
diagnosis of diverse pathogenesis (10). Historically, laxatives,
dietary fiber, and stool softeners were recommended to patients
with IBS-C; however, the evidence supporting these treatments
is variable in quantity and quality, and low treatment satisfaction
has been reported (10,11). More recent therapies targeting IBS-C
symptoms include the guanylate cyclase-C receptor agonist linaclotide (12,13) and the selective chloride channel activator lubiprostone (14), both of which are minimally absorbed and act in the
gastrointestinal tract. Though linaclotide and lubiprostone have
been shown to be more effective than placebo in large randomized
controlled trials, fewer than half of patients with IBS-C achieved
the primary end points of improvements in stool frequency and
abdominal pain (13,14). Thus, despite the availability of these
treatments, there remains an unmet need for further therapeutic
options for some patients with IBS-C who continue to experience
symptoms (12–14).
Tenapanor is a first-in-class, small-molecule inhibitor of the
gastrointestinal sodium/hydrogen exchanger isoform 3. Tenapanor acts in the gastrointestinal tract to reduce the absorption of
sodium and phosphate, with minimal systemic drug exposure (15).
Increased sodium retention in the gut in healthy volunteers treated
with tenapanor enhances intestinal fluid volume and transit, as
demonstrated by softer stools and an increase in the frequency of
bowel movements (16). Preclinical studies also suggest that tenapanor may exert antinociceptive effects on visceral sensation (17).
Based on these findings, tenapanor was evaluated over 4 weeks at
three once-daily doses (10, 30, and 100 mg) in patients with IBS-C
in a placebo-controlled study, with tenapanor treatment resulting
in improvements in IBS-C symptoms (ClinicalTrials.gov identifier:
NCT01340053) (18). A study of tenapanor in healthy volunteers
suggested that twice-daily dosing was more effective than oncedaily dosing at the equivalent total daily dose at increasing stool
sodium (19). We therefore conducted the present phase 2 study
to assess the efficacy and safety of three, twice-daily doses of tenapanor (5, 20, and 50 mg) for the treatment of patients with IBS-C.

METHODS
Study design

This was a multicenter, phase 2, randomized, double-blind, placebo-controlled study conducted at 79 sites in the USA (ClinicalTrials.gov identifier: NCT01923428) between August 2013 and
October 2014 (last patient last visit July 2014). The sites conducting the study were gastroenterology practices (n=26) or primary
care and research practices (n=53) specializing in internal medicine and/or gastroenterology. After a 2-week screening period,
eligible patients were randomly assigned in a 1:1:1:1 ratio to one
of four treatment groups: tenapanor 5 mg, 20 mg, or 50 mg twice
daily (b.i.d.; dosed as the hydrochloride salt) or placebo b.i.d.
Patients received tenapanor or placebo for 12 consecutive weeks,
after which they were followed up for an additional 4 weeks.
Patients visited the study site seven times during the study: once
The American Journal of GASTROENTEROLOGY

during the 2-week screening period (week −2), five times during
the active treatment period (weeks 0, 2, 4, 8 and 12), and once
more at the end of the 4-week follow-up period (week 16). The
study was conducted in accordance with the Declaration of Helsinki and all patients provided written informed consent.
Patients

Men and women aged 18–75 years who met the Rome III criteria for IBS-C (20) were eligible for study enrollment. In addition,
patients had to have had a colonoscopy within the past 10 years
if more than 50 years of age or in the presence of unexplained
warning symptoms (e.g., lower gastrointestinal bleeding, irondeficiency anemia, clinically significant weight loss, and systemic
signs of infection or colitis), and agree to use appropriate methods of contraception, or be surgically sterile or post-menopausal.
The main exclusion criteria were: functional diarrhea, IBS with
diarrhea, mixed IBS or un-subtyped IBS, as defined by Rome III
criteria; any clinically symptomatic biochemical or structural
abnormality or active disease of the gastrointestinal tract within
6 months before screening; use of medications that are known
to affect stool consistency (except as described below); hepatic
dysfunction (defined as alanine aminotransaminase/serum glutamic-pyruvic transaminase or aspartate aminotransaminase/
serum glutamic-oxaloacetic transaminase >2.5× the upper limit
of normal) or renal impairment (serum creatinine >2 mg/dl);
any surgery on the stomach, small intestine or colon (excluding
appendectomy); a major psychiatric disorder requiring hospitalization in the last 3 years, or a history of attempted suicide or
uncontrolled bipolar disorder; or clinical evidence of any significant disease that may interfere with the patient successfully completing the trial. Pregnant or lactating women were also excluded.
After the 2-week screening period, in order for patients to be
randomly assigned to study treatment, they needed to complete
symptom assessments via a touch-tone telephone diary for at least
11 out of 14 days to ensure that they were diary compliant and
meet the following study entry criteria: average weekly stool frequency of five or fewer spontaneous bowel movements (SBMs),
defined as all non-aided bowel movements, and two or fewer complete spontaneous bowel movements (CSBMs), defined as a bowel
movement accompanied by a sensation of complete evacuation; an
average weekly stool consistency score of 3 or less using the Bristol
Stool Form Scale (BSFS) (21); an average weekly abdominal pain
score of at least 3 on a 0–10-point scale; and no liquid stools for
any SBM or mushy stools for more than one SBM according to
the BSFS.
Rescue medication (bisacodyl 5 mg tablet or 10 mg suppository) was allowed for a maximum of 2 days during the screening
period but not during the 48 h before randomization. During the
study, rescue medication was allowed to relieve severe constipation
(defined as at least 72 h without a bowel movement or when symptoms became intolerable). Bowel movements were not considered
to be SBMs and CSBMs if they were reported <24 h after the use of
rescue medication.
Patients who were on a stable, continuous regimen of fiber, bulk
laxatives, stool softeners, and/or probiotics during the 30 days
VOLUME 112 | MAY 2017 www.nature.com/ajg

before the screening visit were included in the study and, provided
that they maintained the same treatment and dose throughout the
trial, were included in the analysis.

gram monitoring at weeks −2 and 12. Blood samples for pharmacokinetic assessments of tenapanor were collected at site visits at
weeks 8 and 12, 1–4 h after morning dosing, from subsets of ~30
randomly selected patients per group.

Efﬁcacy variables

The CSBM responder rate was the primary efficacy variable in this
study. Secondary efficacy variables included a composite of the
CSBM responder rate and the abdominal pain responder rate, and
the responder rates for individual abdominal symptoms including
abdominal discomfort, abdominal bloating, abdominal fullness,
and abdominal cramping. Additional secondary efficacy variables were weekly averages of stool frequency, stool consistency,
straining, abdominal pain, constipation severity, and IBS severity.
Degree of relief from IBS symptoms, and treatment satisfaction at
12 weeks were additional secondary efficacy variables.
Efficacy assessments. Data for all efficacy variables were recorded
by patients using the touch-tone telephone diary. Variables recorded daily included stool frequency (CSBMs and SBMs), stool
consistency (BSFS), abdominal symptom scores (pain, bloating,
cramping, discomfort, and fullness; each on a 0–10-point scale,
0=absent, 10=very severe), and a straining score (1–5-point scale,
1=not at all, and 5=an extreme amount). Variables scored weekly
by patients included constipation severity, IBS severity (each on a
1–5-point scale, 1=none, 5=very severe), degree of relief from IBS
symptoms (1–7-point scale, 1=completely relieved, 7=as bad as I
can imagine), and treatment satisfaction (1–5-point scale, 1=not
at all satisfied, 5=very satisfied).
Responder rates. The CSBM responder rate was defined as the
proportion of patients with an increase of at least one CSBM/week
compared with baseline for at least 6 of the 12 treatment weeks.
The baseline value was defined as the average of the number of
CSBMs per week for the 2-week screening period (i.e., weeks −1
and −2).
Responder rates for individual abdominal symptoms (abdominal pain, bloating, cramping, discomfort, and fullness) were
defined as the proportion of patients with a decrease of at least
30% from baseline in the average weekly severity score for at least
6 out of 12 treatment weeks. A composite responder rate (22) was
calculated as the proportion of patients with an increase of at least
one CSBM/week from baseline (primary efficacy variable) and a
decrease of at least 30% from baseline in average weekly abdominal pain severity score during the same week, for at least 6 out of
12 treatment weeks.
Safety variables

Adverse events (AEs) were monitored throughout the trial. They
were reported by the patient spontaneously and/or in response to
an open question from study personnel at each site visit. Safety
assessments included: vital signs at each visit (systolic and diastolic blood pressure, heart rate, respiratory rate, body temperature, and weight); clinical laboratory tests (serum electrolytes,
hematology, and urinalysis) at weeks −2, 4, and 12; physical
examinations at weeks −2, 12, and 16; and 12-lead electrocardioOfﬁcial journal of the American College of Gastroenterology

Statistical methods

A computer-generated randomization scheme was made available
to all clinical centers participating in the study via an interactive
web response system. The packaging and labeling of the study
drug kits were based on a separate drug packaging randomization
schedule. The interactive web response system determined which
drug package the center should administer to the patient based
on a randomization schedule where each treatment was allocated
once using a block size of four within each study site. This ensured
whole or partial block sizes were allocated, facilitating even distribution of patients amongst each dose group. Data collected from
the touch-tone telephone diary system throughout the study were
automatically entered into a database; any abnormal values were
automatically flagged so the relevant site could follow-up with
the patient for clarification. Compliance to study treatment was
determined based on the amount of unused study drug returned
to study sites.
The intention-to-treat analysis set included all patients who
received at least one dose of study drug/placebo and for whom at
least one valid week of efficacy assessment data had been collected.
A valid week required at least four non-missing days. Scores for
stool frequency were standardized to 7 days, with missing days
during the week being imputed with the average for the nonmissing days. The average weekly scores for other efficacy variables
were calculated from the observed number of responses without
any standardization. The safety analysis set included all patients
who received at least one dose of study drug or placebo.
A sample size of 90 patients in each treatment group was
expected to provide 80% power to detect a difference of 20% in
the CSBM responder rate between the placebo group and at least
one of the tenapanor treatment groups. An assumed responder
rate of 20% in patients treated with placebo was based on historical
data from a similar trial in patients with IBS-C (23); an assumed
responder rate of 40% in patients treated with tenapanor was considered to be clinically meaningful in this patient population.
The primary efficacy variable, the CSBM responder rate, was
analyzed using a Cochran–Mantel–Haenszel (CMH) test with
pooled investigator sites as a stratification variable. A closed testing procedure was used to control the experiment-wise type I
error rate at the 5% significance level. A CMH screening test was
conducted first (for the primary efficacy variable only) to look for
an association between treatment and responder rate across the
placebo, tenapanor 20 mg b.i.d., and tenapanor 50 mg b.i.d. treatment groups. If the result of this test was found to be statistically
significant at the 5% level, each of the tenapanor 20 mg b.i.d. and
50 mg b.i.d. treatment groups were compared with the placebo
group using a 5% significance level. If either or both of these comparisons were found to have a significant result, either or both
of these treatment groups were considered to be individually or
simultaneously significantly different from the placebo group. If
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both the tenapanor 20 mg b.i.d. and tenapanor 50 mg b.i.d. treatment groups were significantly different from the placebo group,
the tenapanor 5 mg b.i.d. treatment group was compared with the
placebo group using a 5% significance level.
CMH pairwise comparison tests of all tenapanor doses vs. placebo were used to evaluate the abdominal pain responder rate,
the composite responder rate, and the responder rates for other
abdominal symptoms (abdominal bloating, cramping, discomfort,
and fullness). Continuous efficacy variables were assessed using
an analysis of covariance model with pooled investigator sites and
treatment group as terms and with baseline as the covariate, or an
analysis of variance model with pooled investigator sites and treatment as terms.

were given placebo. In the tenapanor 50 mg b.i.d. treatment group,
responder rates were statistically significantly greater than those in
the placebo group for abdominal discomfort (P=0.003), abdominal
bloating (P=0.022), abdominal cramping (P=0.028), and abdominal fullness (P=0.010) (Table 3).
Patients receiving tenapanor 20 mg or 50 mg b.i.d. had greater,
statistically significant, improvements over those given placebo for
CSBM frequency (P<0.050), stool consistency (P<0.001), straining
(P<0.050), and treatment satisfaction (P<0.050; Table 4). Patients
receiving tenapanor 50 mg b.i.d. also experienced statistically
significant improvements compared with individuals receiving
placebo for abdominal pain severity (P=0.014), number of SBMs/
week (P=0.006), IBS severity (P=0.024), constipation severity
(P<0.001), and degree of relief from IBS (P<0.001; Table 4).

RESULTS

Compliance and use of rescue medication

Patient disposition, demographics, and baseline characteristics

Mean compliance to study treatment was >97% in all treatment groups (intention to treat analysis set). In each of the
four arms, the majority (≥89%) of patients were more than
80% compliant. The proportion of patients requiring rescue
medication during the treatment period was similar across
the tenapanor groups (5 mg b.i.d., 28.7%; 20 mg b.i.d., 28.7%;
and 50 mg b.i.d., 26.2%) and slightly higher in patients taking
placebo (37.1%).

Out of 796 patients who were screened, 356 (45%) met the
entry criteria and were randomly assigned to treatment groups
(Figure 1). Across all treatment groups, the mean age of patients
was 45.7 years, with the majority being women (86.8%) and
white (75.8%). The proportion of patients completing the study
ranged from 78 to 89% across the treatment groups. Patient
demographics and baseline disease characteristics were generally
comparable across all treatment groups (Tables 1 and 2).

Safety analyses
Efﬁcacy analyses

The CSBM responder rate was higher in all tenapanor treatment
groups than in the placebo group (Figure 2a). For the tenapanor
50 mg b.i.d. treatment group, the CSBM responder rate was statistically significantly greater compared with the placebo group
(60.7 vs. 33.7%; P<0.001). Patients in the tenapanor 20 mg b.i.d.
and 50 mg b.i.d. treatment groups both had greater abdominal
pain responder rates (52.9 and 65.5%, respectively) than individuals given placebo (48.3%), with those in the tenapanor 50 mg b.i.d.
group showing a statistically significant improvement compared
with placebo-treated patients (P=0.026; Figure 2b). The composite responder rate was greater in all tenapanor treatment groups
than in the placebo group (Figure 2c), with the difference being
statistically significant in the tenapanor 50 mg b.i.d. group (50.0
vs. 23.6%; P<0.001).
The mean average weekly numbers of CSBMs for all treatment
groups are shown in Figure 3. During the 12-week treatment
period, an increase from baseline in the mean average weekly
number of CSBMs was observed in all groups. At several time
points over the course of treatment, patients given tenapanor
20 mg or 50 mg b.i.d. had statistically significantly higher mean
average weekly numbers of CSBMs than those receiving placebo
(P<0.050). Patients in the tenapanor 50 mg b.i.d. group achieved
mean average weekly numbers of CSBMs of close to three for the
majority of the 12-week treatment period, and over three for half
of the 12 weeks, compared with a mean average weekly number of
CSBMs of 0.2 at baseline.
Abdominal symptom responder rates were greater in patients
who received tenapanor 20 mg or 50 mg b.i.d. than in those who
The American Journal of GASTROENTEROLOGY

Table 5 gives an overview of the AEs that occurred during the
study. Of those AEs occurring in at least 3% of patients in any
tenapanor group and at a higher frequency than in the placebo
group, the most frequently reported were diarrhea, headache,
nausea, urinary tract infection, and abdominal pain. Treatmentrelated AEs potentially relating to dehydration were rare in the
study, with one patient reporting dry mouth in the placebo
group and one patient reporting thirst in the tenapanor 50 mg
b.i.d. group. Three patients receiving tenapanor reported serious
AEs (laryngeal neoplasm and urinary tract infection (5 mg b.i.d.
group) and small intestinal obstruction (20 mg b.i.d. group)),
and one patient in the placebo group reported a serious AE of
osteomyelitis. None of the serious AEs were considered by the
study site investigator to be related to study drug treatment and
no serious AEs were reported by patients receiving tenapanor
50 mg b.i.d. Treatment-related diarrhea occurred in 24 (9%) of
all tenapanor-treated patients (n=266), leading to study-drug
discontinuation in nine patients, three (3%) in each of the tenapanor treatment groups. Three patients who received tenapanor
5 mg b.i.d. reported treatment-related abdominal distension that
led to study drug discontinuation. No other AEs led to discontinuation in more than two patients in any treatment group. No
deaths occurred over the course of this study and no clinically
meaningful changes from baseline were observed in vital signs,
clinical laboratory tests, physical examinations, and 12-lead
electrocardiograms. Increases from baseline to week 12 in serum
phosphorus concentrations from normal to above normal limits
were observed in three patients receiving tenapanor (50 mg
b.i.d., n=2; 20 mg b.i.d, n=1) and three patients receiving placebo.
VOLUME 112 | MAY 2017 www.nature.com/ajg
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Patients randomized
(n=356 [45%])

Placebo
b.i.d. (n=90)

Excluded (n=440)
• Did not meet 2-week screening period criteria for randomization (n=346)
• Did not meet inclusion criteria (n=63)
• Withdrawal of consent (n=23)
• Loss to follow-up (n=1)
• Other reasons (n=3)
• Unknown reasons (n=4)

Tenapanor 5 mg
b.i.d. (n=88)

Tenapanor 20 mg
b.i.d. (n=89)

Tenapanor 50 mg
b.i.d. (n=89)

Discontinued (n=10)
• Adverse event
(n=3)
• Withdrawal of
consent (n=4)
• Protocol violation
(n=1)
• Non-compliance
with treatment
(n=1)
• Unsatisfactory
treatment response
(n=1)

Discontinued (n=19)
• Adverse event
(n=8)
• Withdrawal of
consent (n=5)
• Loss to follow-up
(n=2)
• Protocol violation
(n=3)
• Non-compliance
with treatment
(n=1)

Discontinued (n=12)
• Adverse event
(n=6)
• Withdrawal of
consent (n=3)
• Loss to follow-up
(n=1)
• Non-compliance
with treatment
(n=2)

Discontinued (n=11)
• Adverse event
(n=3)
• Loss to follow-up
(n=5)
• Protocol violation
(n=2)
• Unsatisfactory
treatment response
(n=1)

ITT analysis set
(n=89)

ITT analysis set
(n=87)

ITT analysis set
(n=87)

ITT analysis set
(n=84)

Safety analysis set
(n=90)

Safety analysis set
(n=88)

Safety analysis set
(n=89)

Safety analysis set
(n=89)

Completed 12-week
treatment period
(n=80 [89%])

Completed 12-week
treatment period
(n=69 [78%])
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Patients screened
(n=796)

Completed 12-week
treatment period
(n=77 [87%])

Completed 12-week
treatment period
(n=78 [88%])

Figure 1. Overview of patient ﬂow through the study. The safety analysis set includes all patients who received at least one dose of treatment. The ITT
analysis set includes all patients who received at least one dose of treatment and for whom study assessment data had been collected for a minimum of
4 days. b.i.d., twice daily; ITT, intention to treat.

Table 1. Patient demographics and baseline characteristics (safety analysis set)
Demographic/characteristic

Placebo b.i.d. (n=90)

Tenapanor b.i.d.

Overall (n=356)

5 mg (n=88)

20 mg (n=89)

46.0 (13.8)

45.8 (12.7)

45.3 (14.1)

45.8 (12.2)

45.7 (13.2)

81 (90.0)

84 (95.5)

82 (92.1)

84 (94.4)

331 (93.0)

77 (85.6)

76 (86.4)

77 (86.5)

79 (88.8)

309 (86.8)

White

65 (72.2)

69 (78.4)

67 (75.3)

69 (77.5)

270 (75.8)

Black or African American

22 (24.4)

18 (20.5)

19 (21.3)

17 (19.1)

76 (21.3)

1 (1.1)

0 (0.0)

3 (3.4)

2 (2.2)

6 (1.7)

Body mass index, kg/m

28.7 (5.6)

29.5 (5.7)

28.5 (5.3)

28.3 (4.9)

28.7 (5.4)

Duration of IBS-C symptoms
before randomization, years

14.1 (13.6)

14.7 (13.4)

12.5 (12.0)

13.3 (12.7)

13.7 (12.9)

Age, years
<65 years, n (%)

50 mg (n=89)

Sex, n (%)
Women
Race, n (%)

Asian
2

b.i.d., twice daily; IBS-C, constipation-predominant irritable bowel syndrome.
Data are shown as mean (s.d.) unless otherwise stated.

Decreases in serum phosphorus concentrations from baseline
to week 12 from normal to below normal limits were observed
in two patients receiving tenapanor (50 mg b.i.d., n=1; 5 mg
Ofﬁcial journal of the American College of Gastroenterology
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b.i.d., n=1) and one patient receiving placebo. Decreases in
serum sodium concentrations from normal to below normal
limits were observed in two patients receiving tenapanor 50 mg
The American Journal of GASTROENTEROLOGY

768

Chey et al.

FUNCTIONAL GI DISORDERS

Table 2. Baseline IBS-C-related characteristics (intention to treat
analysis set)
Disease
characteristic

Placebo b.i.d.
(n=89)

Tenapanor b.i.d.

5 mg
(n=87)

20 mg
(n=87)

50 mg
(n=84)

Abdominal
paina

6.1 (1.5)

6.1 (1.6)

6.3 (1.5)

6.0 (1.5)

CSBMs/week

0.2 (0.4)

0.2 (0.4)

0.2 (0.4)

0.2 (0.4)

SBMs/week

2.0 (1.2)

1.9 (1.3)

1.9 (1.1)

2.0 (1.3)

Stool consistencyb

1.8 (1.0)

1.8 (1.0)

1.6 (0.8)

1.8 (0.9)

Strainingc

3.1 (1.2)

3.1 (1.1)

3.1 (1.3)

3.2 (1.3)

d

IBS severity

3.8 (0.7)

3.9 (0.7)

3.9 (0.8)

3.8 (0.7)

Constipation
severityd

4.1 (0.7)

4.2 (0.6)

4.0 (0.7)

4.0 (0.8)

b.i.d., twice daily; BSFS, Bristol Stool Form Scale; CSBM, complete spontaneous bowel movement; IBS, irritable bowel syndrome; IBS-C, constipationpredominant irritable bowel syndrome; SBM, spontaneous bowel movement.
a
Assessed daily using a 0–10-point scale: 0=none to 10=very severe; average
weekly score was calculated from scores for all days during a valid week.
b
Assessed using the 7-point BSFS (21); average weekly score calculated from
scores for all SBMs during the week.
c
Assessed for each SBM using a 1–5-point scale: 1=not at all, 5=an extreme
amount; average weekly score calculated from scores for all SBMs during the
week.
d
Assessed weekly using a 1–5-point scale: 1=none, 5=very severe.
Data are shown as mean (s.d.) of the average of the weekly scores during the
screening period for individual patients.

b.i.d. These changes in serum phosphorus and sodium were not
considered to be clinically meaningful, and none were reported
as AEs.
A total of 291 blood samples from patients in the three
tenapanor treatment groups were analyzed to determine
tenapanor plasma concentrations. Tenapanor levels were above
the quantifiable limit of 0.5 ng/ml in only eight samples (range:
0.547–1.03 ng/ml) taken from a total of six individuals in the
tenapanor 50 mg b.i.d. group at either week 8 or week 12.

DISCUSSION
In this methodologically rigorous, randomized, placebo-controlled, phase 2 study, tenapanor 50 mg b.i.d. proved to be significantly more effective than placebo at improving symptoms
of IBS-C including bowel habits (stool frequency (CSBMs, the
primary efficacy variable, and SBMs), stool consistency (BSFS)
and straining), abdominal symptoms (pain, discomfort, bloating, cramping, and fullness), as well as a composite end point
of increased CSBM frequency and reduced abdominal pain. In
addition, tenapanor 50 mg b.i.d. significantly improved global
patient-reported treatment measurements compared with placebo including IBS severity, constipation severity, degree of relief
from IBS and treatment satisfaction. Benefits were seen during
The American Journal of GASTROENTEROLOGY

the first week of assessments after therapy had been initiated
and were sustained over the 12-week treatment period. Patients
receiving tenapanor 50 mg b.i.d. achieved a mean average of ~3
CSBMs/week for the majority of treatment weeks, exceeding 3
CSBMs/week for half of the 12 weeks. Notably, data from a population-based study suggests that a frequency of 3 bowel movements/week to 3 bowel movements/day in adults is ‘normal’
(24). Patients in the tenapanor 20 mg b.i.d. and 5 mg b.i.d. dose
groups did not achieve statistically significant improvements in
CSBM frequency or the composite end point compared with
placebo, though trends toward improvements were observed for
the 20 mg b.i.d. dose.
Tenapanor is a first-in-class inhibitor of sodium/hydrogen
exchanger isoform 3, the predominant intestinal sodium transporter (25), and thereby tenapanor reduces sodium uptake in
the gut. This unique mechanism of action leads to increased
intestinal fluid volume and shorter transit time (15,16), which
accounts for the softening of stool consistency and increased
frequency of bowel movements observed in patients with IBS-C
in our study. Tenapanor treatment also led to robust improvements in one of the key symptoms of IBS-C, abdominal pain. It
is possible that improvements in constipation with secondary
‘unloading’ of the colon may have contributed to the improvements in abdominal pain observed with tenapanor. However,
not all drugs that improve constipation also improve abdominal
pain. For example, in a 4-week study, polyethylene glycol treatment provided significant increases over placebo in the number
of spontaneous bowel movements, without any improvement
over placebo in abdominal pain (26). Tenapanor may have
direct effects on visceral hypersensitivity, which can be present
in patients with IBS-C. Similar to animal studies of linaclotide
(27), tenapanor significantly reduced stress-induced colorectal
hypersensitivity to mechanical pain stimuli in a rat model (17).
The mechanism responsible for this effect remains to be fully
elucidated, but these findings support the possibility that tenapanor may benefit pain through effects on visceral hypersensitivity. Further studies to better understand the anti-nociceptive
effects of tenapanor are encouraged.
A desire to mitigate the risk of serious systemic drug side
effects has fueled a recent trend in developing luminally acting
therapeutic agents, and the development of tenapanor extends
this trend. Given the minimal systemic availability of tenapanor,
as supported by the pharmacokinetic data generated in this
study, and its pharmacodynamic effect on sodium/fluid transit
in the gastrointestinal tract, it is hardly surprising that the most
commonly reported treatment-related AE during the study was
diarrhea, occurring in 9% of all tenapanor-treated patients, and
causing 3% (n=3) of individuals in each tenapanor group to discontinue treatment. Otherwise, tenapanor appeared to have a
generally acceptable safety profile overall. No serious treatmentrelated AEs or deaths were reported in any of the study groups.
There were no clinically meaningful changes from baseline in
laboratory parameters, vital signs, physical examinations, and
12-lead electrocardiograms in the study. Given the pharmacodynamic effect of tenapanor in reducing absorption of not only
VOLUME 112 | MAY 2017 www.nature.com/ajg
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Tenapanor 20 mg
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Tenapanor 50 mg
b.i.d. (n=84)

43 (48.3)
–
–
–
–
–

39 (44.8)
−3.5
(−18.2, 11.2)
0.94
(0.68, 1.28)
0.684

46 (52.9)
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0.552
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22 (25.3)
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0.815
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Figure 2. Responder rates: proportion of patients with: (a) an increase of at least one CSBM/week from baseline for at least 6 of 12 treatment weeks
(CSBM responder rate—primary efﬁcacy variable), (b) a decrease in abdominal pain of at least 30% from baseline for at least 6 out of 12 treatment weeks
(abdominal pain responder rate), and (c) a decrease in abdominal pain of at least 30% and an increase of at least one CSBM/week (both in the same
week) vs. baseline for at least 6 out of 12 treatment weeks (composite responder rate). aCMH screening test P value was based on a two degrees of freedom test for association between treatment (placebo, tenapanor 20 mg b.i.d., or tenapanor 50 mg b.i.d.) and responder rate, stratiﬁed by pooled investigator sites. bThe adjusted RR was based on the ratio of responder rates for placebo vs. each tenapanor treatment group, stratiﬁed by pooled investigator sites.
c
The CMH P value was based on a one degree of freedom test for association between treatment and responder rate (placebo paired with each tenapanor
treatment group separately), stratiﬁed by pooled investigator sites. b.i.d., twice daily; CI, conﬁdence interval; CMH, Cochran–Mantel–Haenszel; CSBM,
complete spontaneous bowel movement; RR, relative risk.
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Figure 3. Mean average weekly number of CSBMs over time (intention to treat analysis set). *P<0.050, tenapanor 50 mg b.i.d. vs. placebo. †P<0.050,
tenapanor 20 mg b.i.d. and tenapanor 50 mg b.i.d. vs. placebo. P values were based on an analysis of covariance model with treatment and pooled
investigator site as factors and baseline value as a covariate. b.i.d., twice daily; CSBM, complete spontaneous bowel movement.

Table 3. Abdominal symptom responder rates (intention to treat analysis set)
Placebo b.i.d. (n=89)

Abdominal discomfort responder rate, n (%)
Risk difference

Tenapanor b.i.d.
5 mg (n=87)

20 mg (n=87)

50 mg (n=84)

38 (42.7)

37 (42.5)

48 (55.2)

55 (65.5)

–

−0.2

12.5

22.8

95% CI

–

(−14.8, 14.4)

(−2.2, 27.1)

(8.3, 37.2)

Adjusted RR

–

1.00

1.28

1.63

95% CI

–

(0.73, 1.37)

(0.95, 1.74)

(1.16, 2.28)

CMH P value
Abdominal bloating responder rate, n (%)
Risk difference

–

0.995

0.102

0.003

37 (41.6)

35 (40.2)

41 (47.1)

50 (59.5)

–

−1.3

5.6

18.0

95% CI

–

(−15.9, 13.2)

(−9.1, 20.2)

(3.3, 32.6)

Adjusted RR

–

0.97

1.12

1.44

95% CI

–

(0.72, 1.32)

(0.83, 1.50)

(1.05, 1.98)

CMH P value

–

0.864

0.467

0.022

41 (46.1)

40 (46.0)

47 (54.0)

53 (63.1)

Abdominal cramping responder rate, n (%)
Risk difference

–

−0.1

8.0

17.0

95% CI

–

(−14.8, 14.6)

(−6.8, 22.7)

(2.4, 31.6)

Adjusted RR

–

1.01

1.18

1.43

95% CI

–

(0.74, 1.37)

(0.87, 1.59)

(1.03, 1.98)

CMH P value

–

0.961

0.292

0.028

34 (38.2)

40 (46.0)

42 (48.3)

49 (58.3)

–

7.8

10.1

20.1

–

(−6.8, 22.3)

(−4.5, 24.6)

(5.5, 34.7)

Abdominal fullness responder rate, n (%)
Risk difference
95% CI
Adjusted RR

–

1.18

1.23

1.51

95% CI

–

(0.87, 1.61)

(0.91, 1.65)

(1.10, 2.08)

CMH P value

–

0.279

0.181

0.010

b.i.d., twice daily; CI, conﬁdence interval; CMH, Cochran–Mantel–Haenszel; RR, relative risk.
Responder rates for abdominal symptoms were deﬁned as the proportion of patients with a decrease of at least 30% from baseline in the average weekly severity score
(0–10-point scale: 0=absent, 10=very severe) for at least 6 out of 12 treatment weeks. The adjusted RR was based on the ratio of responder rates for placebo vs. each
tenapanor treatment group, stratiﬁed by pooled investigator sites. The CMH P value was based on a one degree of freedom test for association between treatment and
responder rate (placebo paired with each tenapanor treatment group separately), stratiﬁed by pooled investigator sites.
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Table 4. Other study assessment results (intention to treat analysis set)
Tenapanor b.i.d.
5 mg (n=87)
Abdominal pain severity score

20 mg (n=87)

50 mg (n=84)

a

Change from baseline at week 12 end point, LS mean
95% CI
Difference tenapanor vs. placebo, LS mean

−37.0

−37.6

−38.9

−50.4

(−45.1, −28.9)

(−45.6, −29.7)

(−47.0, −30.8)

(−58.8, −42.1)

–

−0.6

−1.9

−13.4

95% CI

–

(−11.2, 10.0)

(−12.5, 8.7)

(−24.1, −2.8)

P value

–

0.910

0.724

0.014

CSBMs/week
Change from baseline at week 12 end point, LS mean
95% CI

0.9

1.7

2.2

2.7

(0.2, 1.7)

(1.0, 2.4)

(1.4, 2.9)

(2.0, 3.5)

Difference tenapanor vs. placebo, LS mean

–

0.8

1.2

1.8

95% CI

–

(−0.2, 1.7)

(0.3, 2.2)

(0.8, 2.8)

P value

–

0.115

0.012

<0.001

SBMs/week
Change from baseline at week 12 end point, LS mean
95% CI
Difference tenapanor vs. placebo, LS mean
95% CI
P value

1.6

2.4

2.6

3.4

(0.6, 2.5)

(1.5, 3.4)

(1.7, 3.6)

(2.4, 4.4)

–

0.9

1.1

1.8

–

(−0.4, 2.1)

(−0.2, 2.3)

(0.5, 3.1)

–

0.187

0.095

0.006

b

Stool consistency

Change from baseline at week 12 end point, LS mean
95% CI
Difference tenapanor vs. placebo, LS mean

1.0

1.6

1.9

2.2

(0.6, 1.4)

(1.2, 2.0)

(1.5, 2.3)

(1.8, 2.6)

–

0.6

0.9

1.2

95% CI

–

(0.1, 1.1)

(0.4, 1.4)

(0.7, 1.7)

P value

–

0.027

<0.001

<0.001

Straining c
Change from baseline at week 12 end point, LS mean

−0.7

−0.8

−1.1

−1.2

(−0.9, −0.4)

(−1.0, −0.5)

(−1.3, −0.8)

(−1.4, −0.9)

–

−0.1

−0.4

−0.5

95% CI

–

(−0.4, 0.3)

(−0.8, −0.1)

(−0.8, −0.1)

P value

–

0.584

0.020

0.006

95% CI
Difference tenapanor vs. placebo, LS mean

IBS severity d
Change from baseline at week 12 end point, LS mean

−1.1

−1.0

−1.1

−1.4

(−1.3, −0.9)

(−1.3, −0.8)

(−1.3, −0.8)

(−1.7, −1.2)

–

0.1

0.0

−0.3

95% CI

–

(−0.2, 0.4)

(−0.3, 0.3)

(−0.6, −0.0)

P value

–

0.689

0.824

0.024

95% CI
Difference tenapanor vs. placebo, LS mean

Constipation severity d
Change from baseline at week 12 end point, LS mean

−1.1

−1.3

−1.3

−1.7

(−1.4, −0.9)

(−1.5, −1.1)

(−1.5, −1.1)

(−1.9, −1.4)

–

−0.2

−0.2

−0.5

95% CI

–

(−0.5, 0.1)

(−0.5, 0.1)

(−0.8, −0.2)

P value

–

0.233

0.299

<0.001

95% CI
Difference tenapanor vs. placebo, LS mean

Degree of relief from IBS e
Week 12 end point, LS mean
95% CI

3.1

2.9

3.0

2.5

(2.8, 3.4)

(2.7, 3.2)

(2.7, 3.2)

(2.2, 2.8)

Table 4 continued on following page
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Placebo b.i.d. (n=89)

Tenapanor b.i.d.
5 mg (n=87)

Difference tenapanor vs. placebo, LS mean

20 mg (n=87)

50 mg (n=84)

–

−0.2

−0.1

−0.6

95% CI

–

(−0.5, 0.2)

(−0.5, 0.2)

(−0.9, −0.3)

P value

–

0.340

0.436

<0.001

2.9

3.1

3.3

3.7

(2.6, 3.2)

(2.8, 3.4)

(3.0, 3.6)

(3.4, 4.0)

–

0.3

0.4

0.8

95% CI

–

(−0.1, 0.7)

(0.0, 0.8)

(0.4, 1.2)

P value

–

0.181

0.031

<0.001

Treatment satisfaction f
Week 12 end point, LS mean
95% CI
Difference tenapanor vs. placebo, LS mean

ANCOVA, analysis of covariance; ANOVA, analysis of variance; b.i.d., twice daily; BSFS, Bristol Stool Form Scale; CI, conﬁdence interval; CSBM, complete spontaneous
bowel movement; IBS, irritable bowel syndrome; IBS-C, constipation-predominant irritable bowel syndrome; LS, least-squares; SBM, spontaneous bowel movement.
a
Assessed daily using a 0–10-point scale: 0=none, 10=very severe. Average weekly score was calculated from scores for all days during a valid week.
b
Assessed using the 7-point BSFS (21). Average weekly score calculated from scores for all SBMs during the week.
c
Assessed for each SBM using a 1–5-point scale: 1=not at all, 5=an extreme amount. Average weekly score calculated from scores for all SBMs during the week.
d
Assessed weekly using a 1–5-point scale: 1=none, 5=very severe.
e
Assessed weekly on a 1–7-point scale: 1=complete relief, 7=as bad as I can imagine.
f
Assessed using a 1–5-point scale: 1=not at all satisﬁed, 5=very satisﬁed.
LS means, 95% CIs, and P values were based on an ANCOVA model with treatment and pooled investigator site as factors and baseline as a covariate. Baseline was
deﬁned as the average of the respective scores for weeks −1 and −2.For degree of relief from IBS and treatment satisfaction, LS means, 95% CIs, and P values were
based on an ANOVA model with treatment and pooled investigator site as terms.

Table 5. Overview of treatment emergent adverse events (safety analysis set)
AEs, n (%)

Placebo b.i.d. (n=90)

Tenapanor b.i.d.
5 mg (n=88)

20 mg (n=89)

50 mg (n=89)

Any AE

38 (42.2)

43 (48.9)

32 (36.0)

45 (50.6)

Treatment-related AEs

13 (14.4)

22 (25.0)

15 (16.9)

17 (19.1)

Serious AEs

1 (1.1)

2 (2.3)

1 (1.1)

0 (0.0)

Deaths

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

AEs leading to study drug discontinuation

3 (3.3)

9 (10.2)

6 (6.7)

4 (4.5)

Diarrhea

0 (0.0)

7 (8.0)

11 (12.4)

10 (11.2)

Nausea

1 (1.1)

6 (6.8)

4 (4.5)

3 (3.4)

Abdominal pain

2 (2.2)

7 (8.0)

0 (0.0)

4 (4.5)

Headache

5 (5.6)

6 (6.8)

1 (1.1)

3 (3.4)

Urinary tract infection

4 (4.4)

3 (3.4)

2 (2.2)

5 (5.6)

Vomiting

0 (0.0)

4 (4.5)

1 (1.1)

2 (2.2)

Gastroesophageal reﬂux disease

1 (1.1)

3 (3.4)

0 (0.0)

1 (1.1)

Abdominal distension

0 (0.0)

3 (3.4)

1 (1.1)

0 (0.0)

Diarrhea

0 (0.0)

7 (8.0)

9 (10.1)

8 (9.0)

Nausea

0 (0.0)

3 (3.4)

2 (2.2)

2 (2.2)

Abdominal pain

2 (2.2)

5 (5.7)

0 (0.0)

1 (1.1)

Headache

3 (3.3)

3 (3.4)

1 (1.1)

3 (3.4)

Abdominal distension

0 (0.0)

3 (3.4)

1 (1.1)

0 (0.0)

AEs by preferred term a

a

Treatment-related AEs by preferred term

AE, adverse event; b.i.d., twice daily.
a
AEs by preferred tersm occurring in at least 3% of patients in any tenapanor treatment group and at a higher frequency than in the placebo group.
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sodium, but also of phosphate from the gut, it is noteworthy that
there were no clinically meaningful changes from baseline in
serum sodium and phosphorus observed in patients with IBS-C
in our study. The study was conducted in an outpatient setting,
with no dietary restrictions. Therefore, in this IBS-C patient
population, it is possible that dietary intake of sodium and phosphate was adequate to compensate for any impact that reductions in sodium and phosphate absorption with tenapanor may
have on serum concentrations of the electrolytes. In addition the
body’s own complex mechanisms for maintaining sodium and
phosphate balance, with factors such as renal handling and body
storage, may have been involved.
Given the pharmacodynamic effects of tenapanor on gastrointestinal sodium and phosphate absorption, the agent has
also been evaluated in renal-related conditions. In two phase 2
studies, one in patients with chronic kidney disease stage 5D
(hemodialysis) and fluid overload (28), and another in patients with
type 2 diabetes mellitus and chronic kidney disease stage 3 (29),
the pharmacodynamic effects of tenapanor on stool sodium and
urinary sodium and phosphorus were confirmed. These observations did not translate into clinically meaningful effects on
interdialytic weight gain (28) or albuminuria (a marker of renal
function decline) (29). However, results from a 4-week study
in patients with hyperphosphatemia in chronic kidney disease
stage 5D (hemodialysis), show that the effects of tenapanor on
phosphate absorption translate into clinically meaningful reductions in serum phosphate levels vs. placebo (30).
In summary, treatment with tenapanor 50 mg b.i.d. significantly
improved key IBS-C symptoms, had positive effects on global
IBS-treatment measures, and was generally well-tolerated. The
data from this phase 2 study justify the conduct of phase 3 studies
(T3MPO-1 and T3MPO-2), which are currently under way
(31,32).
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Study Highlights
WHAT IS CURRENT KNOWLEDGE

✓ There are few therapies that effectively treat the multiple
symptoms associated with constipation-predominant
irritable bowel syndrome (IBS-C).

✓ Tenapanor is a ﬁrst-in-class, small-molecule inhibitor of
the gastrointestinal sodium/hydrogen exchanger isoform 3.
✓ Tenapanor increases gut sodium/ﬂuid retention in healthy

volunteers, softening stools, and increasing stool frequency.

WHAT IS NEW HERE

✓ In this 12-week phase 2 trial, tenapanor 50 mg b.i.d.
signiﬁcantly increased stool frequency vs. placebo in
patients with IBS-C.

✓ Tenapanor 50 mg b.i.d. also improved abdominal symptoms
(bloating and pain), stool form, straining, constipation, and
global irritable bowel syndrome treatment scores.

✓ Overall, tenapanor was well-tolerated by patients; the most
common adverse event was diarrhea.
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