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•	 Tenapanor is a minimally absorbed, small-molecule inhibitor of intestinal sodium/hydrogen exchanger 3 (NHE3)1-3 

approved for the treatment of adults with irritable bowel syndrome with constipation (IBS-C).4 
•	 Preclinical studies demonstrated that tenapanor reduced intestinal permeability by increasing transepithelial resistance in the 

gut5,6 and inhibited transient receptor potential cation channel subfamily V member 1 (TRPV1) signaling, leading to reduced 
visceral hypersensitivity and abdominal pain,7 although the relevance of experimental models to humans is not known. 

•	 In the phase 3 T3MPO-2 trial (NCT02686138), abdominal pain, complete spontaneous bowel movement (CSBM) 
frequency, and abdominal bloating were significantly improved with tenapanor vs placebo in patients with IBS-C.8

	– Overall safety and tolerability were acceptable, with diarrhea being the most common adverse event.8

•	 Here we use 2 multi-item abdominal scores to investigate the effects of tenapanor on abdominal symptoms in the 
T3MPO-2 trial.

•	 The study design and primary results of T3MPO-2 have been reported previously.8 Briefly, patients with IBS-C with  
<3 weekly CSBMs and weekly abdominal pain score ≥3 (0-10 scale) during a 2-week screening period were eligible for 
study inclusion.8

	– Patients were randomized to tenapanor 50 mg or placebo twice a day in a 26-week randomized treatment period (RTP). 
	– Patients rated 5 abdominal symptoms (pain, bloating, discomfort, cramping, and fullness) on an 11-point scale (Box).

•	 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.

•	 In this post hoc analysis, multi-item abdominal scores were calculated using 2 approaches:
	– The abdominal score 3 (AS3) was the mean of weekly scores for abdominal pain, discomfort, and bloating, as 

described by Chang et al.9

	– The expanded abdominal score 5 (AS5) was calculated as the mean of weekly scores for abdominal pain, discomfort, 
bloating, fullness, and cramping. 

•	 The AS3 and AS5 in the tenapanor and placebo arms were evaluated using the following endpoints:
	– Abdominal score overall change from baseline during the 26-week RTP (mixed-effects model with repeated measures 

[MMRM]). 
	▪ The MMRM used fixed effect factors of treatment, week, and treatment-by-week; fixed effect covariates of baseline 

abdominal score and baseline-by-week; and patient as a random effect.
	– Abdominal score change from baseline for each week of the RTP (MMRM with the parameters described above). 
	– Cumulative distribution of the change from baseline in AS3 or AS5 at week 26 (Wilcoxon rank sum test; P value 

estimated using a Monte Carlo approach).
	– A weekly response for AS3 and AS5 was defined as achieving a reduction of ≥2 points in AS3 or AS5 for a given week.
	– Weekly response rates were analyzed using Pearson’s chi-square test, in which patients with a missing weekly 

abdominal score due to discontinuation or an “invalid week” (ie, <4 days of reporting of abdominal symptom[s]) were 
included in the calculation and assumed to have no response in that week (ie, a worst-imputation approach).

	– A 13/26-week AS3 or AS5 response was defined as achieving an AS3 or AS5 response for ≥13 weeks of the 26-week 
RTP. The 13/26-week response rates were also analyzed using Pearson’s chi-square test, with the worst-imputation 
approach applied to determine a patient’s response status for each week of the RTP.

•	 Analyses of the AS3 and AS5 were conducted in the intent-to-treat population of patients that included all patients who 
met the study eligibility criteria, were randomized, and received ≥1 dose of study drug.

Patients
•	 In the T3MPO-2 trial, 620 patients were randomized to treatment in the RTP, and demographic and baseline 

characteristics were well balanced in the intent-to-treat analysis set (tenapanor, n=293; placebo, n=300).8

Change in abdominal scores over the 26-week RTP
•	 There was a greater mean change in abdominal scores with tenapanor compared with placebo over the 26-week RTP for 

both the AS3 (−3.27 vs −2.60, P=0.0007) and the AS5 (−3.23 vs −2.59, P=0.0009) (Figure 1).
•	 At week 26, cumulative distribution of change from baseline significantly favored tenapanor over placebo for both the 

AS3 (estimated P=0.0094; 99% CI: 0.0086, 0.0102) and the AS5 (estimated P=0.0121; 99% CI: 0.0112, 0.0130) (Figure 2).

Abdominal score response rate
•	 Weekly AS3 and AS5 response rates were consistently higher with tenapanor compared with placebo over 26 weeks 

(Figure 3), and patients receiving tenapanor had a higher 13/26-week abdominal score response rate compared with 
patients receiving placebo for both the AS3 (46.4% vs 35.7%, P=0.0078) and the AS5 (46.1% vs 33.3%, P=0.0015) (Figure 4).
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Figure 2. Cumulative Distribution Function of the Change From Baseline in Week 26 for the AS3 and AS5

Data are shown for the intent-to-treat analysis set. 
AS3, abdominal score 3 (mean of weekly scores for abdominal pain, discomfort, and bloating); AS5, abdominal score 5 (mean of weekly scores for abdominal pain, discomfort, bloating, fullness, and cramping).

Figure 1. Weekly Treatment Effect on the AS3 and AS5

Error bars represent standard error. Data are shown for the intent-to-treat analysis set. P values were derived from a MMRM with fixed effect factors of treatment, week, and treatment-by-week; fixed effect covariates 
of baseline abdominal score and baseline-by-week; and patient as a random effect. *P<0.05; **P<0.01; ***P<0.001.
AS3, abdominal score 3 (mean of weekly scores for abdominal pain, discomfort, and bloating); AS5, abdominal score 5 (mean of weekly scores for abdominal pain, discomfort, bloating, fullness, and cramping);  
BL, baseline; LS, least squares; MMRM, mixed-effects model with repeated measures.

Figure 3. Weekly Response Rate Over 26 Weeks

A weekly response was defined as a reduction of ≥2 points in the AS3 or AS5 for a given week (Pearson’s chi-square test with worse case approach [patients with missing data included and assumed to have no 
response]). Data are shown for the intent-to-treat analysis set. P values were calculated by chi-square. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.
AS3, abdominal score 3 (mean of weekly scores for abdominal pain, discomfort, and bloating); AS5, abdominal score 5 (mean of weekly scores for abdominal pain, discomfort, bloating, fullness, and cramping).

Figure 4. 13/26-Week AS3 and AS5 Response Rate

A 13/26-week response was defined as a reduction of ≥2 points in AS3 or AS5 for ≥13 weeks of the 26-week RTP (Pearson’s chi-square test with worse case approach [patients with missing data included and assumed to 
have no response]). Data are shown for the intent-to-treat analysis set. P values were calculated by chi-square.
AS3, abdominal score 3 (mean of weekly scores for abdominal pain, discomfort, and bloating); AS5, abdominal score 5 (mean of weekly scores for abdominal pain, discomfort, bloating, fullness, and cramping);  
RTP, randomized treatment period.

Conclusions
•	 Few treatments for IBS-C consistently improve the range of abdominal symptoms that patients may 

experience, which include abdominal pain, discomfort, bloating, cramping, and fullness.10-14 

•	 In the T3MPO-2 study, treatment with tenapanor resulted in a greater and sustained change from baseline 
in combined abdominal scores over the 26-week treatment period compared with placebo, when assessed 
as abdominal pain, discomfort, and bloating (AS3) and when symptoms of fullness and cramping were also 
included (AS5).

•	 This post hoc analysis demonstrates that tenapanor significantly improves IBS-C–associated abdominal 
symptoms with an early onset of action that is sustained throughout the 6-month treatment period. 

1.	 Spencer AG et al. Sci Transl Med. 2014;6:227ra36.
2.	 Johansson S et al. Clin Exp Nephrol. 2017;21:407-16.
3.	 Rosenbaum DP et al. Clin Drug Investig. 2018;38:341-51.
4.	 IBSRELA (tenapanor hydrochloride). Prescribing information. Ardelyx, Inc.; 2022.
5.	 King AJ et al. Sci Transl Med. 2018;10:eaam6474.
6.	 Wang J et al. Poster presented at: Digestive Disease Week; June 2-5, 2018; Washington, DC.
7.	 Li Q et al. Poster presented at: the World Congress of Gastroenterology at the American 

College of Gastroenterology Annual Scientific Meeting; October 13-18, 2017; Orlando, FL.

8.	 Chey WD et al. Am J Gastroenterol. 2021;116:1294-303.
9.	 Chang L et al. Am J Gastroenterol. 2021;116:1929-37. 
10.	Quigley EMM et al. Adv Ther. 2018;35:967-80.
11.	Mearin F et al. Gastroenterol Hepatol. 2019;42:141-9.
12.	Rangan V et al. Gastroenterology. 2020;158:786-8.e1.
13.	Brenner DM et al. Am J Gastroenterol. 2022;117:S21-6.
14.	Ford AC et al. Am J Gastroenterol. 2018;113:1-18.

References

Medical writing support for the development of this 
poster, under the direction of the authors, was provided 
by Ashfield MedComms US, an Inizio company, and 
funded by Ardelyx, Inc.

Acknowledgments
Anthony Lembo is a consultant for Allergan, Ardelyx, Biomerica, Ironwood Pharmaceuticals, Aeon, Maunea Kea, Alkermes, Pfizer, Sebela, Orthomed, and 
Vibrant. William D. Chey is a consultant for Abbvie, Ardelyx, Arena, Bausch, Biomerica, Gemelli, Ironwood, Isothrive, Nestle, Progenity, Salix, Takeda, Urovant, 
and Vibrant, and has stock options with GI on Demand/Gastro Girl, Isothrive, Modify Health. Susan Edelstein, Yang Yang, David M. Spiegel, and David P. 
Rosenbaum are employees of Ardelyx, Inc.

Disclosures

Copies of this poster obtained 
through the quick response 
(QR) code are for personal 
use only and may not be 
reproduced without permission 
from the authors.

The presenting author, Dr. Anthony Lembo, can be 
reached at alembo@bidmc.harvard.edu.

Efficacy of Tenapanor in Improving IBS-C Abdominal Symptoms:  
A Post Hoc Analysis of Multi-item Abdominal Score From the 26-Week Phase 3 T3MPO-2 Study

C0268

Anthony Lembo,1 William D. Chey,2 Susan Edelstein,3 Yang Yang,3 David M. Spiegel,3 and David P. Rosenbaum3

1Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, MA, USA; 2Michigan Medicine, Ann Arbor, MI, USA; 3Ardelyx, Inc., Waltham, MA, USA

Box. Interactive Voice Response System (IVRS) Diary

aEntries into the IVRS diary must have been recorded between 6:00 PM and 11:59 PM (local time). bExample questions reflect questions relevant to the analysis presented. The full IVRS diary included 4 weekly 
questions and 7 daily questions (with sub-questions for each bowel movement and each use of rescue medication).
IBS, irritable bowel syndrome.

The IVRS diary collected information on daily stool frequency, stool consistency, straining, abdominal pain, abdominal 
discomfort, abdominal bloating, abdominal fullness, abdominal cramping, and rescue medication usage. IBS severity 
and constipation severity were assessed weekly through the IVRS diary.a

Example questions:b

•	 How would you rate your worst abdominal pain over the past 24 hours? …your abdominal discomfort over the past 24 
hours? …your abdominal bloating over the past 24 hours? …your abdominal cramping over the past 24 hours? …your 
abdominal fullness over the past 24 hours?

Questions were assessed separately using the following scale for responses:
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