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1. Executive Summary 

1.1. Product Introduction 

IBSRELA (tenapanor hydrochloride), a new molecular entity, is a first-in-class, orally 
administered, small molecule, inhibitor of the sodium-hydrogen exchanger 3 (NHE3). The 
proposed dosage is 50 mg BID for the treatment of adults with constipation predominant 
irritable bowel syndrome (IBS-C). 

NHE3 is also known as SLC9A3 and Na+/H+ exchanger 3. NHE3 is expressed on the luminal side 
of stomach and intestinal epithelial cells as well as in the kidney, gallbladder, ovary, thymus and 
prostate. It is one of nine sodium/hydrogen antiporters of the NHE family (Donowitz et al. 
2013). It regulates sodium and water absorption and pH by exchanging extracellular sodium for 
intracellular hydrogen ions. Inhibition of NHE3 results in increased secretion of water into the 
intestinal lumen and looser bowel movements. NHE3 is closely coupled to other apical 
transporters, including: down regulated in adenoma (DRA, also known as SLC26A3), the 
sodium-coupled glucose transporter (SGLT1) and the cystic fibrosis transmembrane regulator 
(CFTR) (Musch et al. 2009; Jakab et al. 2011; Girardi and Di Sole 2012). Guanylate cyclase and 
bacterial toxins that upregulate guanylate cyclase (as seen in cholera, enteropathogenic 
Escherichia coli and C. difficile infections) inhibit NHE3, contributing to their pro-secretory 
activity (Hayashi et al. 2004; Hecht et al. 2004; Subramanya et al. 2007; McHugh et al. 2018). 
Tumor necrosis factor-alpha (TNF-α) and interferon-gamma (IFN-γ) also inhibit NHE3 (Amin et 
al. 2006).  

Mice with targeted deletion of the NHE3 gene have a shortened lifespan due to a syndrome of 
chronic diarrhea, abdominal distention, metabolic acidosis and hyponatremia (Woo et al. 2002). 
Knock-out mice also develop distal colitis characterized by neutrophil infiltration and depletion 
of goblet cells. Alkalization of the gut may alter the microbiome in these animals (Larmonier et 
al. 2013). In humans, patients with inactivating mutations in the NHE3 gene develop congenital 
sodium diarrhea in infancy, and if they survive, are predisposed to inflammatory bowel disease 
when older. The same phenotype is seen in patients with activating mutations in guanylate 
cyclase (Janecke et al. 2016). 

1.2. Conclusions on the Substantial Evidence of Effectiveness 

The Applicant provided evidence from two confirmatory trials (Study 301 and 302) that provide 
substantial evidence of effectiveness and support approval of tenapanor 50 mg BID for the 
treatment of IBS-C. 

Both studies were multicenter, randomized, double-blind, placebo controlled trials designed to 
assess the efficacy and safety of tenapanor in the treatment of IBS-C. Study 301 included a 12-
week, double-blind, parallel group treatment period, followed by a 4-week randomized 
withdrawal period. Study 302 included a 26-week, double-blind, parallel group period, and 
provided data which demonstrated that efficacy is maintained with chronic treatment past 12 
weeks. The primary endpoint in both trials was the proportion of patients who were overall 
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responders over the first 12 weeks. An overall responder was defined as achieving success on 
both the “abdominal pain weekly responder” and “CSBM [complete spontaneous bowel 
movement] responder” components of the endpoint for at least 6 of the first 12 weeks. This 
endpoint was consistent with FDA’s published guidance on IBS drug development (May 2012).  

The abdominal pain response criterion was defined as a decrease of 30% or more of percent 
change in average weekly worst abdominal pain score from baseline. The average weekly 
abdominal pain score was calculated as the average score for all days during a valid week, using 
a 0 to 10 numeric rating scale.  

The CSBM response criterion was defined as an increase of one or more in average weekly 
CSBMs from baseline. The average weekly CSBMs was calculated as the sum of the number of 
CSBMs reported during each day of the defined weekly period divided by the number of days 
CSBMs were reported multiplied by seven.  

In Study 301, 606 patients were randomized 1:1 to received tenapanor or placebo. In the 
tenapanor group, 27% of patients were overall responders, compared with 19% on placebo. 
Similarly, in Study 302, 593 patients were randomized, and 37% of tenapanor treated patients 
were overall responders, compared with 24% in the placebo group. Secondary endpoints in 
Study 302 included, as a multiplicity controlled endpoint, the proportion of patients who were 
overall responders for 9/12 weeks (14% for tenapanor vs 3% for placebo). In addition, as an 
exploratory endpoint, the proportion of patients who were overall responders for 13/26 weeks 
was also reported (36% on tenapanor vs 24% on placebo), which helped to support that the 
initially demonstrated benefit was continued with longer term therapy. Details of additional 
secondary endpoints assessed are reviewed in Section 9.1.2.  
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1.3. Benefit-Risk Assessment 

Benefit-Risk Summary and Assessment 
 
Tenapanor is a new molecular entity, a first-in-class inhibitor of the sodium-hydrogen exchanger 3 (NHE3). Tenapanor represents a new 
treatment option with a novel mechanism of action, to complement the arsenal of approved therapies for patients with IBS-C.  
 
IBS-C affects a large population and there is a significant unmet medical need for the patients. The prevalence of IBS-C in North America is 5%, 
affecting females more frequently than males (approximately 2 to 3:1 female predominance (Saito et al. 2002)). IBS-C is a multi-symptom 
disease with a significant and growing public health burden, due to significant loss in productivity and serious, disabling symptoms 
experienced by a small subset of the more severely affected patients. There are currently four drugs approved in the United States for the 
treatment of IBS-C. Lubiprostone (Amitiza), approved for IBS-C on April 29, 2008, activates type-2 chloride channels in gastrointestinal (GI) 
tract epithelial cells to increase secretion of fluid in the intestine, and the indication is limited to use in women. Two of the other approved 
treatments for IBS-C are guanylate cyclase-C agonists, including linaclotide (Linzess), approved on August 30, 2012, and plecanatide 
(Trulance), approved on January 24, 2018. Additionally, tegaserod (Zelnorm), a serotonin receptor 4 (5-HT4) agonist, which was previously 
withdrawn from the market secondary to cardiovascular risks, was recently re-introduced to the market with a revised indication restricted to 
women less than 65 years of age, on March 29, 2019. All the available alternative therapies demonstrate a modest treatment effect, so there 
remains a need for additional therapeutic options for patients with IBS-C. 
 
Tenapanor was demonstrated to be effective for the treatment of adults with IBS-C in two adequate and well controlled trials (Study 301 and 
Study 302) that were submitted with this application. A single dose (50 mg BID) of tenapanor was evaluated in both trials. The primary 
endpoint in both trials was the proportion of patients who were “overall responders” for at least 6 of the first 12 weeks. For the overall 
responder endpoint, a subject was required to achieve at least a 30% reduction from baseline in average of the worst daily abdominal pain 
score, and an increase of at least 1 complete spontaneous bowel movement from baseline, both in the same week, for at least 6 of the 12 
weeks. A greater proportion of tenapanor treated patients achieved this endpoint compared to placebo in both trials. In study 302, all key 
secondary endpoints achieved statistical significance. However, a benefit was not shown on the first ranked secondary endpoint (Overall 
CSBM response 6/12 weeks) in Study 301; thus, sequential testing of other endpoints was stopped.  
 
The safety profile of tenapanor supports approval. Adverse events (AEs) occurred primarily in the gastrointestinal tract. Diarrhea was the 
most common AE, occurring in approximately 15% of treated patients (compared to 2% on placebo) over the 12-week treatment period in 
Study 301. Similarly, diarrhea was reported in 16% of tenapanor treated patients (compared to 4% on placebo) over the 26-week treatment 
period in Study 302. Across the two phase 3 studies, severe diarrhea occurred in 2.5% of all tenapanor treated patients (compared to 0.2% on 
placebo) and diarrhea was the most common AE leading to discontinuation. Serious AEs were rare and mostly unrelated to study drug, with 
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exception of a single SAE related to severe diarrhea. Labeling will reflect the risk of diarrhea. There is a theoretical concern that tenapanor 
may induce colitis or inflammatory bowel disease. This is hypothesized to be a risk based on two sets of findings. First, knockout mice 
deficient in NHE3 develop inflammatory bowel disease (IBD), and mice studied in murine models of IBD have reduced expression of NHE3 
(Barmeyer et al. 2004; Kiela et al. 2009; Larmonier et al. 2011; Lenzen et al. 2012; Larmonier et al. 2013; Kumar et al. 2016; Harrison et al. 
2018). Second, human patients with inactivating mutations of NHE3 or activating mutations in guanylate cyclase (closely related) develop 
congenital sodium diarrhea (in infancy) and those who survive have an increased risk of inflammatory bowel disease (Engevik et al. 2015; 
Janecke et al. 2015). Within the tenapanor safety database submitted with this new drug application (NDA), there is no clear signal of new 
onset colitis or inflammatory bowel disease. There were eight cases of rectal bleeding reported (seven on treatment, one on placebo), but 
none were clearly determined to be due to colitis. Diarrhea was commonly observed in tenapanor treated patients, which was expected given 
the pharmacological effect of the drug. However, given that diarrhea can also be a presenting sign of colitis, and that the majority of patients 
did not undergo colonoscopy with biopsy to confirm or refute a possible colitis diagnosis, uncertainty exists. It was reassuring, however, that 
most patients with diarrhea either were not so severely affected as to discontinue drug, or had resolution of the diarrhea after 
discontinuation of therapy. A signal detection study will be performed in Sentinel, post-approval, for continued monitoring of the potential for 
tenapanor to induce inflammatory bowel disease. Hyperkalemia was also noted as a laboratory abnormality occurring more frequently in 
tenapanor treated patients than placebo in one of the phase 3 trials. Laboratory shifts in hyperkalemia within the IBS-C trial were mostly 
regarded as not clinically significant by investigators. However, in a trial conducted under a separate IND in patients with chronic kidney 
disease, a differential risk of reported AEs of hyperkalemia was noted, as well as 2 SAEs in tenapanor treated patients who developed 
hyperkalemia requiring hospitalization. This information will be noted in labeling.  
 
Uncertainties exist regarding the safety and potential risk-benefit profile in both pediatric patients and in breast feeding infants whose 
mothers are treated with tenapanor. There are no clinical data to date in pediatric patients treated with tenapanor. In the nonclinical 
program, findings in young juvenile rats (less than 1 week old animals, human age equivalent <2 years) demonstrated premature mortality at 
doses as low as 0.3 mg/kg/day, some occurring as early as Postnatal Day 8. There are no additional juvenile animal data available that directly 
address human age equivalence of >2 years to <12 years. An additional juvenile animal toxicity study in rats, with dosing initiated at Postnatal 
Day 21 (to cover pediatric patients between the ages of 2 to <12 years of age) will be required as a postmarketing study under the Pediatric 
Research Equity Act (PREA). This study will help to inform if a dose can be identified with an adequate safety margin to support the study of 
tenapanor in pediatric patients ages 6 years and older (given that 6 years is the lowest age that IBS can be reliably diagnosed in pediatrics). 
For this reason, tenapanor is currently contraindicated in pediatric patients less than 6 years of age, until more information is available. The 
label includes a boxed warning with a contraindication for use in pediatric patients up to 6 years of age, and a warning to avoid use in 
pediatric patients age 6 to <12 years of age. A milk-only lactation study will also be required to determine the safety of tenapanor for breast-
fed infants whose mothers are receiving therapy.  
 
In summary, the available data support a favorable benefit-risk assessment and approval of tenapanor for treatment of IBS-C in 
adults. Although the magnitude of treatment effect demonstrated was modest, the safety profile appears relatively benign, with 
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diarrhea as the most commonly occurring adverse event. Diarrhea is an adverse event that patients can easily self-identify, and 
therefore, this risk can be mitigated. Approval of tenapanor may assist in alleviating an unmet need for IBS-C patients.  
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1.4. Patient Experience Data 

Patient Experience Data Relevant to this Application  

X The patient experience data that was submitted as 
part of the application, include: Section where discussed, if applicable 

 X Clinical outcome assessment (COA) data, such as  

   X Patient reported outcome (PRO) 

-primary endpoint includes patient 
reported outcome of pain and stool 
frequencies directly reported by patients 
(discussed in section 9) 
 
-IBS-eDiary contained additional concepts 
which were reviewed but not included in 
labeling (discussed in section 4.3 below) 
 
-applicant also assessed IBS-QOL, eight 
subscales and overall scores (Section 
11.4.1.2.2.29 of Clinical Study Report 
[CSR] for Study 301, Section 
11.4.1.2.2.29 of CSR for Study 302) 
which are not further described in the 
review as they were neither multiplicity 
controlled not considered relevant to 
support review decision.  

   □ Observer reported outcome (ObsRO)  

   □ Clinician reported outcome (ClinRO)  
   □ Performance outcome (PerfO)  

 □ 
Qualitative studies (e.g., individual 
patient/caregiver interviews, focus group 
interviews, expert interviews, Delphi Panel, etc.) 

 

 □ Patient-focused drug development or other 
stakeholder meeting summary reports  

 □ Observational survey studies designed to capture 
patient experience data  

 □ Natural history studies   

 □ Patient preference studies (e.g., submitted studies 
or scientific publications)  

 □ Other: (Please specify)   

□ Patient experience data that was not submitted in the application, but was considered in this 
review.  
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2. Therapeutic Context 

2.1. Analysis of Condition 

Irritable bowel syndrome (IBS) is not one, narrowly defined, illness but instead, a constellation 
of symptoms, the frequency and severity of which can vary among individuals. It results in 
chronic abdominal pain and altered defecation in the absence of other etiologies. No one 
treatment is effective in all, or even most, patients with IBS. The etiology is multifactorial and 
includes disordered motility, psychosocial stress, visceral hypersensitivity, carbohydrate 
intolerance, bacterial overgrowth/dysbiosis, immunological abnormalities (mast cell activation, 
postinfectious IBS) and bile acid malabsorption (Enck et al. 2016). IBS has been historically 
defined by a specific set of diagnostic criteria (the Rome Criteria), currently in its fourth 
iteration (Table 1). Four subcategories of IBS exist: irritable bowel syndrome with constipation 
(IBS-C), irritable bowel syndrome with diarrhea (IBS-D), irritable bowel syndrome-mixed (IBS-M) 
with both diarrhea and constipation, and unsubtyped IBS (IBS-U) (Table 2). Once the genetics of 
IBS are more fully elucidated, it is likely that further subtypes will emerge. 

Table 1. Rome IV Diagnostic Criteria for Irritable Bowel Syndrome 
Recurrent abdominal pain, on average, at least 1 day per week in the last 3 months, associated 
with ≥ 2 of the following criteria: 

1. Related to defecation. 
2. Associated with a change in frequency of stool. 
3. Associated with a change in form (appearance) of stool. 

a Criteria fulfilled for the last 3 months with symptom onset at least 6 months before diagnosis. 

Table 2. Rome IV Irritable Bowel Syndrome-Subtypes Criteria 
IBS Subtype Criteria 
IBS-C More than one-fourth (25%) of bowel movements with Bristol Stool Scale Types 1-2 

and less than one-fourth (25%) with Types 6-7. 
IBS-D More than one-fourth (25%) of bowel movements with Bristol Stool Scale Types 6-7 

and less than one-fourth (25%) with Types 1-2. 
IBS-M More than one-fourth (25%) of bowel movements with Bristol Stool Scale Types 1-2 

and more than one-fourth (25%) with Types 6-7. 
IBS-U Patients meet diagnostic criteria for IBS, but their bowel habits cannot be accurately 

categorized in any of the above subtypes. 
IBS, irritable bowel syndrome; IBS-C, IBS with predominant constipation; IBS-D, IBS with predominant diarrhea; IBS-M, IBS with 
mixed bowel habits; IBS-U, unclassified IBS. 
Source: Reviewer’s table adapted from (Mearin et al. 2016) 

Irritable bowel syndrome is a prevalent condition. IBS affects between 10 to 15% of the 
population in the United States and, approximately, one-third of these patients have IBS-C. 
More women than men suffer from IBS (odds ratio of 1.67) and the condition becomes less 
prevalent in adults over age 50 (Lovell and Ford 2012). No proven difference in prevalence 
among different racial and ethnic groups exists, although this issue has not been well studied. 
One study demonstrated a higher prevalence of IBS in Caucasians compared to African 
Americans (Wigington et al. 2005). Epidemiologic studies in Asia show increasing prevalence of 
IBS, correlated to socioeconomic status (Gwee et al. 2009). 
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Although IBS rarely results in death or permanent disability, the associated morbidity, 
emotional distress and cost to individuals and society is high. For gastrointestinal disease in the 
United States, estimated total burden of illness from IBS is second only to that from 
gastroesophageal reflux disease, amounting to at least $1.7 billion in direct costs and $20 billion 
in indirect costs (Hulisz 2004). In one survey, patients with IBS-C missed 0.8 days of work per 
month and had, on average, 5 days of disrupted productivity per month because of their 
symptoms (Heidelbaugh et al. 2015). 

For an individual patient with IBS-C, quality of life can be impaired by intrusive sensations of 
abdominal pain, bloating, gas, incomplete evacuation and abdominal spasming that feed into 
anxiety and depression in a vicious cycle. In 2019, a small but significant minority of patients are 
still being referred for antegrade continent enema (ACE) procedures and total colectomy for 
intractable IBS-C, and many more undergo, possibly unnecessary, gynecological surgeries in 
attempts to relieve their pelvic pain (Longstreth 2007). The need to develop new therapies in 
this area is pressing, as many patients continue to experience refractory symptoms despite 
approved therapies.  

2.2. Analysis of Current Treatment Options 

Current treatment options for IBS-C, both FDA-approved and nonapproved, are listed in Table 3 
and discussed below.  

Table 3. Current Treatments for IBS-C 

Product (s) Name 
Relevant 
Indication 

Year of Approval 
(for IBS-C) 

Dosing/ 
Administration Adverse Effects 

FDA-approved: 
Lubiprostone 

IBS-C (limited 
to women) 

2008 8 mcg capsules by 
mouth BID 

Common: 
Nausea 
Dyspnea 

Linaclotide IBS-C 2012 145 mcg capsules by 
mouth BID; 
290 mcg capsules by 
mouth BID 

Common: 
Diarrhea 
Rare: 
Gastrointestinal 
bleeding  

Plecanatide IBS-C 2018 3-mg tablet by mouth 
once daily 

Common: 
Diarrhea 

Tegaserod IBS-C 2002-2007; re-
introduced in 
limited population 
2019.  

 Common: 
Diarrhea 
Rare: 
Cardiovascular and 
psychiatric  

Dicyclomine  IBS 1950 10-20 mg capsules by 
mouth BID-QID 

Common: 
Dizziness, dry mouth, 
blurred vision 
Rare: 
Cardiovascular and 
CNS  

Reference ID: 4490899



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

13 
Version date: September 12, 2018  

Product (s) Name 
Relevant 
Indication 

Year of Approval 
(for IBS-C) 

Dosing/ 
Administration Adverse Effects 

Not FDA- approved: 
Amitriptyline 

IBS NA* 10-50-mg tablets by 
mouth once daily 

Common: 
Constipation, dry 
mouth, drowsiness 
Rare: 
Potential for increased 
suicide risk, 
Glaucoma, 
Cardiac arrhythmias  

Polyethylene glycol 
(PEG) 3350 

IBS-C NA 17 grams (1 capful) of 
powder in 4-8 oz 
liquid by mouth daily 

Common: 
Diarrhea 
Rare: 
Possible neurological 
events 

Senna IBS-C NA 8.6 g tablets, 2-4 by 
mouth once or twice 
daily 

Common: 
Diarrhea 
Melanosis coli 
Dependency 
Rare: Possible cancer 
risk 

Lactulose IBS-C NA 15-30 ml by mouth 
once to twice daily 

Common: 
Bloating, gas, diarrhea 

Magnesium IBS-C NA 500-1500 mg by 
mouth daily 

Common: 
Diarrhea, cramping 

Peppermint oil IBS NA 0.2-0.4 ml by mouth 
TID as oil or enteric-
coated capsules 

Common: 
GERD 
Anal Burning 
Rare: 
Worsening gallbladder 
disease 

Psyllium husk IBS NA 5-10 grams by mouth 
one to three times 
daily 

Common: 
Bloating and gas 

Probiotics IBS NA Multiple dosing 
regimens for multiple 
brands 

Common: 
Bloating and gas 
Rare: 
Septicemia 
Headaches 
Histamine reactions 

Low FODMAP diet IBS NA NA Common: 
Constipation (from 
eliminating fiber) 
Rare: 
Disordered eating 

Hypnotherapy IBS NA NA None 
Cognitive 
behavioral therapy 

IBS NA NA None 

Yoga IBS NA NA Rare: injury 
Abbreviations: BID, twice daily; FODMAP, fermentable oligo-, di-, mono-saccharides and polyols; GERD, gastroesophageal reflux 
disease; IBS-C, irritable bowel syndrome with constipation; NA, not applicable, QID, four times daily. 
Source: Reviewer’s table 
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FDA-Approved Treatments for IBS-C 

Secretagogues: 

Lubiprostone (Amitiza) is a chloride channel activator approved for the treatment of IBS-C in 
women 18 years of age and older in 2008 based on phase 3 trials enrolling more than 90% 
women. It activates the intestinal ClC-2 chloride channel, resulting in fluid secretion that 
lubricates the bowel and promotes motility. A dose-dependent increase in fetal loss occurred in 
pregnant guinea pigs at doses close to those used in clinical practice, which may limit its use in 
women of child-bearing age. 

Linaclotide (Linzess) is a guanylate cyclase C receptor agonist. It was FDA approved for the 
treatment of IBS-C in adults in 2012. Activation of guanylate cyclase C results in an increase in 
intracellular cyclic guanosine monophosphate (cGMP), which activates the CFTR and inhibits 
NHE3, resulting in the secretion of chloride and water into the intestinal lumen. It has been 
associated with rectal bleeding and melena in less than 1% of patients in clinical trials. In 
addition, because of reports of deaths in neonatal and juvenile mice from diarrhea and 
dehydration at doses between 10 to 500 mcg/kg, the drug is not recommended in pediatric 
patients and is contraindicated in patients less than 6 years of age.  

Plecanatide (Trulance) is a second drug in the class of guanylate cyclase C receptor agonists. It 
has a similar mechanism of action to linaclotide and was FDA approved for the treatment of 
IBS-C in January 2018. Plecanatide has a similar safety and efficacy profile to linaclotide. Based 
on animal studies, which showed mortality in juvenile mice after single doses of 0.5 mg/kg and 
higher, its use in pediatric patients is not recommended, and it carries a contraindication for 
patients less than 6 years of age. 

Pro-Motility Agents: 

Tegaserod (Zelnorm) is a 5-hydroxytryptamine 4 (5-HT4) receptor partial agonist and 5-HT2B 
antagonist that works on the serotonergic nervous system in the gastrointestinal tract to 
stimulate motility. Tegaserod was FDA-approved for short-term use in women with IBS-C in 
2002. Novartis withdrew tegaserod from the market in 2007 after a large, postmarketing study 
determined that the number of cases of heart attack or stroke was higher in patients treated 
with tegaserod (13 of 11,614) than in controls (1 of 7031). On March 29, 2019, tegaserod was 
reintroduced to the U.S. market for use in adult women <65 years of age.  

Dicyclomine hydrochloride (Bentyl) is an anti-cholinergic, anti-spasmodic agent that is FDA- 
approved for the treatment of irritable bowel syndrome. It acts as a smooth muscle relaxant in 
the large bowel, decreasing pain associated with colonic spasming. Because dicyclomine can 
cause constipation, it is often not a first-line treatment for IBS-C.  

Non-FDA Approved Treatments for IBS-C 

As indicated in Table 3 above, additional treatments that are not FDA-approved are commonly 
used in clinical practice. A complete discussion of these alternative therapies is beyond the 
scope of this review.  
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3. Regulatory Background 

3.1. U.S. Regulatory Actions and Marketing History 

Tenapanor (also known as AZD1722 and RDX 5791) is a new molecular entity and is not 
currently marketed in the U.S. The drug was initially developed for the treatment of IBS-C; 
investigational new drug (IND) application 108732 was opened by Ardelyx, Inc. on October 21, 
2010. 

 

 

 
 

 
 

 
 

 
 

3.2. Summary of Presubmission/Submission Regulatory Activity 

The Applicant met with the Division of Gastroenterology and Inborn Errors Products (DGIEP) 
during the IBS-C development program. Key recommendations and points of discussion follow. 

 

Pre-IND Meeting (July 21, 2010):  

• The Division stated that basing doses for phase 1 clinical studies on the no adverse 
effect level (NOAEL) from the 7-day rat toxicology study was unacceptable. The 
Applicant indicated plans to perform 28-day rat and dog studies, as well as in vitro 
metabolic stability and metabolite identification studies in liver microsomes, and 
protein binding studies in plasma. 

• The Applicant asked for agreement from the Division that soft feces and mild diarrhea 
observed in 7-day rat and dog studies were drug-related pharmacological effects and 
not adverse events. The Division responded by saying that review of study reports 
would be necessary to make this determination. FDA noted that to classify the changes 
in goblet cells as an expected, drug-related pharmacological effect, the histopathology 
could not be irreversible. 
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• The FDA agreed to the Applicant’s proposal to 
 

The FDA commented that with the 
proposed allowance of  of related substances as impurities, the impurities would 
need to be monitored individually. 

 

End-of-Phase 2 (EOP2) Meeting (June 9, 2015): 

• FDA gave advice regarding further characterization of the M1 metabolite (16% of 
plasma drug-related substance). The Division requested a repeated dose toxicity study, 
embryo-fetal development study, and a carcinogenicity study in one species with the 
M1 metabolite. The Applicant responded that, in lieu of a repeated dose toxicity study, 
they planned to quantify M1 in plasma samples from phase 2 patients and calculate the 
ratio of exposure multiples to M1 in the dog to human M1 exposure at the anticipated 
dose of 50 mg BID. For reproductive toxicity, the Applicant planned to calculate 
exposure multiples to M1 in the rabbit, rat and mouse divided by human exposure. The 
Applicant stated that they would conduct further reproductive toxicity studies only if 
neither species provided a margin of 0.5. The Applicant agreed to perform 
carcinogenicity study in Tg.rasH2 mice to assess the carcinogenic potential of M1. 

• The Division stated that the potential effects of hepatic impairment on 
pharmacokinetics (PK) and safety of tenapanor should be addressed because tenapanor 
is metabolized upon absorption. The Applicant agreed to provide additional data with a 
plan for further clinical pharmacology studies. 

• The Division disagreed with  

• The Division agreed that a thorough QT study (tQT) was not necessary because 
nonclinical and clinical data showed no signal of QT prolongation. 

• The Applicant and the Division agreed on the proposed dose (50 mg BID), phase 3 study 
designs, the primary endpoint (percent overall responder where a responder is defined 
based on simultaneous improvement in complete spontaneous bowel movement 
(CSBM) and abdominal pain for 50% of weeks) and secondary endpoints. The Agency 
recommended performing sensitivity analyses that evaluate greater reductions in 
abdominal pain intensity with treatment. The Applicant agreed to examine the 
cumulative distribution of several magnitudes of abdominal pain intensity reduction as a 
secondary endpoint. 

• FDA did not agree with the plan  
 

• FDA stated that  

• FDA agreed with a deferral to conduct pediatric studies until establishment of safety and 
efficacy in adult IBS-C patients and a waiver for children less than 6 years of age, 
pending submission of the initial pediatric study plan (iPSP). 
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• The Applicant clarified that tenapanor exerts its effect on the NHE3 protein (not 
transcription) and that no evidence of tachyphylaxis exists. 

 

Type C Guidance meeting, Chemistry, Manufacturing, and Controls/Clinical Pharmacology 
focused (October 31, 2016): 

Refer to the detailed Office of Pharmaceutical Quality (OPQ) review for further details on 
manufacturing process issues and agreements. In summary, drug substance limits for impurities 
were agreed for , and general unspecified impurity. A stability testing 
plan was agreed upon. The FDA agreed that the drug product impurity profile was adequately 
supported by good laboratory practice (GLP) toxicology studies and sufficiently characterized. 
The Applicant agreed that the validation report and data necessary to support the use of the 
high performance liquid chromatography impurity and assay method on the drug product 
would be provided in the NDA. 

 

Type B Pre-NDA Meeting (May 1, 2018):  

• FDA stated that the proposed integration strategy for the Integrated Summary of 
Efficacy (ISE) including data from two phase 3 trials and a supportive phase 2b trial 
appeared reasonable. FDA also agreed with separate presentation of efficacy data from 
the phase 2a trial since it differed in duration and dose from the other trials. FDA opined 
that the proposal to include a “Comparison of Results of Individual Studies” section for 
the ISE trials was reasonable. However, the FDA stated that its primary efficacy 
assessment would utilize the results of individual trials. 

• FDA agreed to a “Comparison of Results in Subpopulations” section in the analysis of the 
pooled ISE data, provided the results not be used for labeling claims. 

• FDA agreed with the proposed integration strategy for the Integrated Summary of 
Safety (ISS) across the 19 completed trials, to be analyzed as four separate analyses 
(Core Safety Analysis Set including phase 2 and 3 trials, ESRD Supportive Safety Analysis 
Set, CKD (chronic kidney disease) Supportive Safety Analysis Set, and Healthy Volunteers 
Supportive Safety Analysis Set. However, the FDA stated that its primary safety 
assessment would rely upon the safety data provided for the two phase 3 trials 
conducted in patients with IBS-C. 

• FDA agreed that the exposure numbers presented with the ISS appeared acceptable for 
evaluation of the long-term safety of tenapanor. However, FDA noted that the long-
term safety data were obtained from an open-label, long-term safety study (TEN-01-
303) and that this issue would be re-evaluated during NDA review. 

• FDA agreed to the proposed approach to analyze the prespecified secondary endpoint 
using a sequential testing procedure to control type 1 error. 

• FDA did not agree to  
 The FDA agreed to include only patients 

with moderate hepatic impairment in the study.  
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• FDA agreed that the completed drug-drug interaction (DDI) studies could support the 
NDA submission. It recommended conducting an additional DDI study with a 
concomitant, strong, CYP3A4/5 (cytochrome P450 3A4/5) inhibitor to address the 
potential effects on the PK of tenapanor and M1, as tenapanor and M1 are substrates of 
CYP3A4/5 in vitro. 

• FDA stated that the qualification and control of impurities in the drug product and 
substance specifications and the proposed dissolution method appeared adequate. 

• FDA recommended including a  test in the drug substance specification at 
release and stability.  

 

Type C Guidance Meeting (Written Responses Only June 19, 2018):  

• FDA stated that the Applicant did not need to submit the cardiorenal-specific, primary 
pharmacology studies for the IBS-C application, but needed to submit secondary 
pharmacology studies regardless of indication. 

• FDA stated that the nonclinical data appeared to support the safety of the levels of 
metabolite M1 observed in clinical trial batches. 

• FDA stated that the nonclinical data appeared to support the safety of the tenapanor 
impurity profile. 

 

Initial pediatric study plan (iPSP) was agreed on September 25, 2017. Refer to Section 11 below 
for details of the planned pediatric development program.  

A Special Protocol Assessment request was submitted on January 6, 2015 for “A 26-week 
Carcinogenicity Study of Tenapanor and AZ13792925 by Oral Gavage in CbyB6F/TgrasH3 
Hemizygous Mice.” It was reviewed by the Carcinogenicity Assessment Committee and 
accepted on November 16, 2016, following committee recommendations to increase the 
proposed doses. 

An Amendment to the Special Protocol Assessment was submitted on March 10, 2017. The 
Applicant submitted an amendment to request lowering the high dose, male tenapanor groups 
and high dose, male and female M1 groups due to decreases in body weight gain over 71 days. 
The FDA agreed that the proposal for reduction of the high dose of AZD13792925 from  
mg/kg/day to 110 mg/kg/day was reasonable. However, the FDA stated that the proposal to 

 was not 
acceptable. 
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4. Significant Issues from Other Review Disciplines Pertinent to Clinical 
Conclusions on Efficacy and Safety 

4.1. Office of Scientific Investigations 

Five clinical investigator sites were selected for inspection, based on enrollment, prior 
inspection history, and number of open INDs in the Office of Scientific Investigations (OSI) 
database. Four of five received a final classification of No Action Indicated. One site received a 
final classification of Voluntary Action Indicated (site 180, Study 302, enrolled 19 subjects). The 
inspector concluded that while violations were noted at this site, they were not of a type or 
magnitude that are expected to have a significant impact on data reliability or on the rights, 
safety or welfare of subjects. Please refer to the finalized review by Dr. Susan Leibenhaut (April 
5, 2019) for further details.  

4.2. Product Quality 

The active pharmaceutical ingredient in tenapanor tablets, 50 mg is tenapanor hydrochloride. It 
is a white to off-white to light brown amorphous solid. It can be designated as a 
Biopharmaceutical Classification System class IV compound due to its poor water solubility and 
permeability.  

The active pharmaceutical ingredient is manufactured by  
 The detailed chemistry, manufacturing, and controls (CMC) information regarding 

the manufacturing process, in-process controls, control of materials, critical steps, impurities 
and intermediates was provided. Its chemical structure was confirmed by modern 
spectroscopic methods (e.g., nuclear magnetic resonance, mass spectroscopy, and Fourier-
transform infrared spectroscopy, as well as single crystal X-ray crystallography). 

Figure 1. Structure of Tenapanor Hydrochloride 

 
Molecular Formula: C50H68Cl6N8O10S2 

Molecular Weight: 1217.97 (Free Base: 1145.04) 

The overall quality of tenapanor hydrochloride is controlled by its specification. Based on the 
stability studies of multiple batches a retest period of  months was granted.  

Tenapanor tablets, 50 mg are white to off-white, oval, biconvex,  immediate release 
tablets. The tablets are debossed with “ 50” on one side and “5791” on the other side. Each 
tablet contains 53.2 mg of tenapanor hydrochloride. The tablets also contain the following 
inactive ingredients: microcrystalline cellulose, low-substituted hydroxypropyl cellulose, 
colloidal silicone dioxide, tartaric acid, stearic acid as well as propyl gallate as . The 
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tablets are supplied in white high-density polyethylene bottles. Each bottle contains 60 tablets 
and a silica gel desiccant. 

The drug product is manufactured by 
(6Jl.il 

----.... 
The tablet manufacturing process includes 16>1.il 

The proposed comme'""-rc-ia_l_b_a_t-ch- si_z_e-is..., lb><4 kg (approximately 

__ <b_><_.4 tablets). The overall control strategy for the drug product' s identity, strength, purity 

and quality is deemed adequate based on raw material controls and drug product specification. 

Based on satisfactory stabi lity studies of the drug product, 24 months of expiration dating 
period is granted when stored at room temperature in the proposed container closure system. 

The Applicant has provided sufficient CMC information to assure the identity, strength, purity 
and quality of the drug product. The Office of Process and Facilities has made an "Approval" 
recommendation for all manufacturing and testing faci lities involved in this NOA. 

The claim of a categorical exclusion from t he requirements of an environmental assessment in 

accordance with 21 CFR Part 25.31(b) deemed acceptable. 

The label/labeling is satisfactory from the CMC perspective. 

Therefore, from the OPQ perspective, this NOA is recommended for approval with an expiration 
dating period of 24 months when stored at room temperature in the proposed container 

closure system. 

4.3. Clinical Outcomes Assessment 

A consu ltation from FDA clinical outcomes assessment staff (COA) was requested. The applicant 
initially proposed bJl.il 

COA staff were requested to assess the content validity to assess these concepts. They 

concluded that PRO items used to assess bowel frequency and abdominal pain are fit-for
!bl1' 

because the sponsor did not have adequate qualitative evidence in 
support of the content va lidity. In addition, there were concerns that patients may not clearly 

and consistently understand concepts such as 
(bl(4 

(bJl.ill 

demonstrated on treatment. Therefore, these results were not included in product labeling. 

The reader is referred to the COA staff consultation review by Susan Pretko and Sarrit Kovacs, 

dated 7 /23/ 19. 
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5. Nonclinical Pharmacology/Toxicology 

5.1. Executive Summary 

Tenapanor is a locally acting sodium (Na+)/hydrogen (H+) exchanger 3 (NHE3) inhibitor. NHE3 is 
expressed on the apical surface of the small intestine and colon, and is primarily responsible for 
the absorption of dietary sodium. The Applicant is seeking approval of tenapanor for the 
treatment of irritable bowel syndrome with constipation (IBS-C). 

In support of the safety of tenapanor, the Applicant submitted the following nonclinical studies: 
pharmacology, PK, single dose and repeat dose oral toxicity studies in rats (up to 6 months) and 
dogs (up to 9 months), a battery of genotoxicity studies, and reproductive and developmental 
toxicity studies. The Applicant also conducted carcinogenicity studies in two rodent species, and 
toxicity studies in juvenile animals with tenapanor. 

Tenapanor is a potent inhibitor of rat and human NHE3 expressed in opossum kidney (OK) and 
Chinese hamster lung fibroblast (PS120) cells with IC50 values of 20 and 13nM, respectively. The 
major tenapanor metabolite, AZ13792925 (M1), was inactive against rat and human NHE3 with 
IC50 values of >10µM. Tenapanor did not inhibit human NHE1 and NHE2 activities at 
concentrations as high as 10µM in human embryonic kidney (HEK293) and OK cells transfected 
with human NHE1 and NHE2 genes, respectively. Oral administration of tenapanor to CD-1 mice 
(up to 15 mg/kg BID) and SD rats (up to 10 mg/kg) caused a dose-related increase in fecal water 
content, increased GI motility, increased fecal sodium and decreased urinary sodium levels. In 
cynomolgus monkeys, oral administration of tenapanor at 50 or 150 mg/kg caused soft feces 
and reduced urinary sodium. In a stress-induced IBS-C model of rat, and a mouse model of 
opioid-induced constipation, tenapanor showed a significant improvement of GI function 
following oral doses of up to 50 mg/kg. Oral administration of tenapanor (0.5 mg/kg) to a rat 
model of IBS-like syndrome (intracolonic infusion of 0.5% acetic acid) resulted in reductions in 
colonic hypersensitivity, visceral hypersensitivity and normalized colonic sensory neuronal 
excitability. 

Tenapanor showed a slight inhibition (16.1%) of hERG current (IKr) at a concentration 10µM 
(highest concentration tested) in an in vitro assay in HEK293 cells. However, oral administration 
of tenapanor to conscious telemetered male beagle dogs at doses up to 1000 mg/kg had no 
effect on cardiac and circulatory functions and electrocardiogram (ECG) parameters. Rats 
receiving oral doses of tenapanor at doses up to 1000 mg/kg had no CNS adverse effects. 
AZ13792925 (major metabolite of tenapanor) showed no adverse effects in an in vitro human 
recombinant cardiac ion channel (hERG, hKv4.3/hKChIP2.2 and hKv7.1/hKCNE1) assay. 

PK studies of tenapanor were conducted in rats and dogs. The bioavailability of tenapanor was 
very low in rats and dogs. Tenapanor was highly bound to plasma proteins of human, rats and 
dogs. In vitro studies showed that tenapanor was stable in simulated gastric and intestinal fluids 
for up to 6 days. Human, rat and dog microsomal metabolism studies with tenapanor identified 
more than five distinct metabolites. M1 (AZ13792925) was identified as major metabolite of 
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tenapanor. Studies in rats showed that more than 90% of tenapanor was excreted in the feces 
as the intact molecule. 

Repeated dose toxicology studies of up to 6 months and 9 months were conducted in rats and 
dogs, respectively. In a 6-month toxicology study in rats, tenapanor was administered orally to 
SD rats at doses of 1, 3, and 10 mg/kg/day. Two males in the high dose group died on Days 65 
and 139, respectively. Histological examinations of these animals showed hemorrhage and 
acute inflammation of the cecum; luminal dilatation of the duodenum, jejunum, ileum, and 
colon; and lymphoid depletion in the spleen and thymus. The unscheduled deaths of the two 
high dose group animals were related to gastrointestinal changes, and considered test article-
related. Clinical observation in surviving animals included soft feces, diarrhea, and associated 
brown material around the anogenital and urogenital areas. The NOAEL was determined to be 3 
mg/kg/day for males and 10 mg/kg/day for females. In a 9-month toxicology study in dogs, 
tenapanor was administered orally to beagle dogs at doses of 50, 300 and 1000 mg/kg/day. 
Test article-related clinical observations were limited to abnormal excreta, primarily soft feces 
and diarrhea in all tenapanor-treated male and female groups throughout the study. There 
were no test article-related mortalities, macroscopic, microscopic, or organ weight changes in 
dogs. The NOAEL was determined to be 1000 mg/kg/day. 

Tenapanor was negative in the Ames test, the in vitro mammalian chromosome aberration 
assay in human peripheral blood lymphocytes, and the in vivo micronucleus assay in mice 
following oral and IV administration in rats. Tenapanor was not tumorigenic in 2-year rat and 6-
month Tg rasH2 mouse carcinogenicity bioassays. 

The potential effects of tenapanor on female fertility were assessed in CD-1 mice and the 
effects on male fertility were assessed in SD rats. There were no tenapanor-related effects on 
female or male fertility at doses up to 50 mg/kg/day in female mice and up to 10 mg/kg/day in 
male rats. In an embryofetal developmental study in rats, tenapanor was administered orally at 
dose levels of 1, 10 and 30 mg/kg/day from Gestation Days 6 through 17. Dose levels of 10 and 
30 mg/kg/day were not tolerated by the pregnant rats and were associated with mortalities 
and moribundity, adverse clinical observations (primarily excreta-related), body weight loss, 
and reduced food consumption. Animals in these groups were sacrificed early on Gestation 
Days 13-16 without further examination. Intrauterine growth, survival and external, visceral, 
and skeletal morphology were unaffected in animals from the 1 mg/kg/day dose group. The 
NOAEL dose for maternal toxicity was <1 mg/kg/day, and the 1 mg/kg/day dose was considered 
to be the NOAEL for embryo/fetal development in rats. In an embryofetal development study in 
rabbits, tenapanor was administered orally at doses of 5, 15 and 45 mg/kg/day from Gestation 
Day 6 through 20. Mean body weight loss and reduced food consumption were noted at dose 
levels of 15 and 45 mg/kg/day. Based on these findings, the 5 mg/kg/day dose was considered 
to be the NOAEL for maternal toxicity, and the 45 mg/kg/day dose was considered to be NOAEL 
for embryofetal development in rabbits. 

In a pre- and postnatal development study in mice, tenapanor had no treatment-related effects 
on the maternal animals, including gestation lengths, parturition or the mean number of 
implantation sites. Lower mean body weight gains were noted in the 60 and 200 mg/kg/day 
group F1 male (up to 14.1%) and female (up to 17.3%) pups throughout the preweaning period 
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(Postnatal Day [PND] 1 to 21). Mean F1 pup body weights at 20 mg/kg/day were not affected. 
The 20 mg/kg/day dose was considered to be the NOAEL for F1 neonatal/developmental 
toxicity. The NOAEL for F1 parental systemic and reproductive toxicity and F2 neonatal/early 
postnatal toxicity was considered to be 200 mg/kg/day. 

In a juvenile animal dose ranging study in rats, tenapanor was not tolerated (>20% decreased 
body weight gain) in male and female pups (PND 5) at dose levels of 5 and 10 mg/kg/day, 
leading to unscheduled termination of the study on Day 11 (PND 16). In a second dose range 
finding study in juvenile rats (PND 5), tenapanor was administered from PND 5 through PND 24 
at doses of 0.1, 0.5, 2.5 or 5 mg/kg/day by oral gavage. There were mortalities in male and 
female pups at ≥0.5 mg/kg/day. Lower mean body weight gains were generally noted in the 5 
mg/kg/day group males (up to 43.7%) and females (up to 35.2%). Slightly lower mean tibial 
lengths (4.9% to 11.4%) and microscopic bone changes were noted in the 0.5, 2.5, and 5 
mg/kg/day group males and females on PND 25 which correlated with the lower body weight in 
these groups. 

In an 8-week definitive juvenile toxicology study followed by a 4-week recovery period, 
tenapanor was administered to juvenile rats beginning at PND 5 at dose levels of 0.03, 0.1 and 
0.3 mg/kg/day. In the high dose group, five males died on PND 11, 18, 19 and 45 and two 
females died on PND 17 and 24. In the 0.1 mg/kg/day dose group, one male and one female 
died on PND 57 and 58, respectively. This death was not considered test article-related because 
there were no adverse effects. Mean absolute body weights were lower up to 15.8% (males) 
and 16.8% (females) in the high dose group compared to the control group. Mean tibial lengths 
of the 0.3 mg/kg group from PND 22 (males) or 19 (females) were generally shorter than the 
control group. There were no test article-related organ weight, macroscopic or microscopic 
changes in any group. The NOAEL was determined to be 0.1 mg/kg/day, which does not provide 
a margin of safety to support study of pediatric patients <12 years of age. An additional juvenile 
toxicity study in juvenile rats starting at postnatal day 21 will be required (refer to 
Postmarketing Requirements and Commitment, Section 14) below.  

AZ13792925 (M1) was identified as the major metabolite of tenapanor. In support of the safety 
of AZ13792925, the Applicant conducted the following studies with the metabolite: single dose 
toxicity and repeat-dose oral toxicity studies in a rodent up to 4 weeks, genotoxicity (Ames test 
and in vitro micronucleus assay), 6-month carcinogenicity study in Tg rasH2 mouse, and an 
embryo-fetal development study in rats. In a 28-day toxicology study, AZ13792925 was 
administered orally to hemizygous transgenic (Tg) rasH2 [CbyB6F1-Tg(HRAS)2Jic] mice. There 
were no test article-related adverse findings noted at up to 250 mg/kg/day. 

AZ13792925 was negative in the Ames test and the in vitro micronucleus assay in L5178Y 
mouse lymphoma cells. AZ13792925 was not tumorigenic in the 6-month Tg rasH2 mice 
carcinogenicity bioassay. In an embryofetal development study of AZ13792925, in SD rats, dose 
levels of 30, 150, and 400 mg/kg/day were administered to pregnant rats. One female in the 
400 mg/kg/day group was euthanized in extremis on Gestation Day 17 following marked body 
weight loss and reduced food consumption and clinical observations of pale body and gasping 
on the day of euthanasia. Adverse fetal findings were observed at the 400 mg/kg/day, which 
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may be related to maternal toxicity of the compound. The 150 mg/kg/day dose was considered 
to be the NOAEL for both maternal toxicity and embryo/fetal development. 

In summary, repeated dose toxicology studies of up to 6 months and 9 months were conducted 
in rats and dogs, respectively. In a 6-month toxicology study in rats, tenapanor was 
administered orally to SD rats at doses of 1, 3, and 10 mg/kg/day. Two males in the high dose 
group died on Days 65 and 139, respectively. Histological examinations of these animals 
showed hemorrhage and acute inflammation of the cecum; luminal dilatation of the 
duodenum, jejunum, ileum, and colon; and lymphoid depletion in the spleen and thymus. The 
unscheduled deaths of the two high dose group animals were related to gastrointestinal 
changes, and considered test article-related. Clinical observation in surviving animals included 
soft feces, diarrhea, and associated brown material around the anogenital and urogenital areas. 
These adverse gastrointestinal effects in rats are expected pharmacological effects of 
tenapanor. The NOAEL was determined to be 3 mg/kg/day for males and 10 mg/kg/day for 
females. The NOAEL doses in male and female rats are 1.8 times and 5.9 times the 
recommended daily clinical dose of 100 mg (1,7 mg/kg/day). In a 9-month toxicology study in 
dogs, tenapanor was administered orally to beagle dogs at doses of 50, 300 and 1000 
mg/kg/day. Test article-related clinical observations were limited to abnormal excreta, primarily 
soft feces and diarrhea in all tenapanor-treated male and female groups throughout the study. 
There were no test article-related mortalities, macroscopic, microscopic, or organ weight 
changes in dogs. The NOAEL was determined to be 1000 mg/kg/day. The NOAEL dose in dogs is 
588 times higher than the recommended clinical dose of 100 mg/day. Thus, the toxicology 
studies in rats and dogs show that the rat is a more sensitive species for GI adverse effects of 
tenapanor as compared to the dog. The differences in the GI sensitivities between these two 
species can be explained on the findings of the higher levels of intestinal NHE3 expression in 
rats as compared to dogs. Thus, the nonclinical studies support the safety of the proposed 
clinical dose of tenapanor in the proposed clinical population. 

5.2. Referenced NDAs, BLAs, DMFs 

IND 108732: Tenapanor, for irritable bowel syndrome with constipation (IBS-C); Ardelyx, Inc. 

5.3. Pharmacology 

Study: In Vitro Evaluation of the Inhibition Potential of Tenapanor and Its Major Metabolite, 
AZ13792925, (pIC50) on Rat NHE3, Human NHE3, Human NHE1 and Human NHE2 (Study # 
RDX5791-EF-01A; RDX5791-EF-02A; RDX5791-EF-04 and RDX5791-EF-12) 

This study was conducted to determine the potency of tenapanor (RDX5791) and its metabolite 
(AZ13792925) against rat and human NHE3 and human NHE1 and NHE2 Na+/H+ antiport 
activity. The gene encoding rat and human NHE3 were transiently expressed in OK cells and 
hamster lung (PS120) cells, respectively. Genes encoding for human NHE1 and NHE2 were 
transiently expressed in OK and HEK293 cells, respectively. Cells were preincubated with 5μM 
2’,7’-bis-(2-carboxyethyl)-5-(and-6)-carboxyfluorescein (BCECF). Ethyl isopropyl amiloride 
(EIPA), a specific inhibitor of NHE1 with minimal activity against NHE3, was used to inhibit 
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endogenous NHE1 activity. The pIC50 value of tenapanor for rat and human NHE3 inhibition was 
8.7 (IC50 =1 and 1.3nM, respectively) during preincubation. The pIC50 values of tenapanor for rat 
and human NHE3 inhibition at persistent assay were 7.7 and 7.9 (IC50 =20 and 13nM, 
respectively). The pIC50 value of tenapanor metabolite AZ13792925 during preincubation and 
persistent assay were >5.0 (IC50 ≥10µM). Tenapanor did not inhibit human NHE1 and NHE2 
activity at concentrations up to 10µM in HEK293, and OK cells transiently transfected with the 
human NHE1 and NHE2 genes, respectively, with pIC50 of >5. 

In conclusion, this study showed that tenapanor is a potent inhibitor of rat and human NHE3 
activity expressed in OK and PS120 cells with IC50 values of 20 and 13nM, respectively. The 
tenapanor metabolite (AZ13792925) was inactive against rat and human NHE3 with IC50 of 
>10µM. 

Study: The Effect of a Single Dose of RDX5791 on Fecal Water and Sodium Content in Normal 
Rats (Study # RDX5791-EF-03) 

RDX5791 was administered orally to 8-week-old SD rats at dose levels of 0, 0.3, 1.0, or 
3.0 mg/kg. Sixteen hours postdose urine and fecal samples were collected to determine fecal 
water content and sodium levels in urine fecal samples. A dose-dependent increase in fecal 
water content was observed. Additionally, fecal sodium levels increased, and urine sodium 
levels decreased significantly in the treatment groups. 

Study: The Pharmacodynamic Effect of Tenapanor in the Mouse (Study # 1516 ) 

Tenapanor was administered orally to male CD-1 male mice twice daily at dose levels of 0, 1.5, 
5, or 15 mg/kg/day for 7 days, and urinary and fecal sodium level was measured from Days 1 
through 7. A dose-dependent reduction of urinary sodium excretion was noted. This was 
accompanied by a significant increase in fecal sodium excretion on treatment Day 7. The results 
indicate that tenapanor effectively inhibits intestinal sodium absorption in mice. 

Study: The Effect of RDX5791 on Gastrointestinal Transit in Sprague-Dawley Rats (Study # 
RDX5791-EF-01-01) 

Seven-week old SD rats (n=6) were administered RDX5791 (10 mg/kg) or the vehicle orally 
following 16 hours of overnight fasting. A 12% (weight/volume) carmine red dye was also 
administered orally immediately after test article administration, and the rats were necropsied 
1 and 6 hours after dosing to determine the length of the intestine and the distance travelled 
by the red dye. The results showed that in RDX5791 treated rats, the dye traversed an average 
of 99.5% GI distance, demonstrating an increased transit rate. 

Oral administration of tenapanor to mice, cynomolgus monkeys, a stress-induced IBS-C model 
of rat, and a mouse model of opioid-induced constipation showed a significant improvement in 
GI function. See nonclinical pharmacology/toxicology appendix (Section 16.2) for details of the 
studies. 
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5.3.1.  Secondary Pharmacology 

Study: AZD1722 and AZ13792925: Selectivity Screening in Radioligand Binding, Enzyme 
Activity and Functional Assays In Vitro (Study # 3126SV and 3534SV) 

In a receptor screening assay, 181 and 82 distinct molecular targets (receptors, ion channels, 
transporters and enzymes) were screened for tenapanor and its metabolite (AZ13792925) 
bindings, respectively. The binding activity was determined with concentration-response curves 
generated where >25% activity was detected. The binding activity was defined as IC50 or EC50. 
Tenapanor binding was observed for 41 targets but only two targets were identified with 
functional IC50 values of <1μM (5-HT1D receptor, 0.070μM and tachykinin NK1 receptor, 
0.35μM). However, human plasma exposures are typically below the quantitative limit (<0.5 
ng/mL) at steady state. Thus, these off-target activities are not expected to have any clinical 
relevance at therapeutic doses of tenapanor. Similarly, AZ13792925 (major metabolite of 
tenapanor) had four targets with IC50 at <1μM. They are the dopamine D3 receptor (0.13μM), 5-
HT7 receptor (0.24μM), 5-HT2B receptor (0.37μM), and carbonic anhydrase II (0.43μM). 

5.3.2.  Safety Pharmacology 

Study: In Vitro Effect on hERG Current (lKr) Expressed in Human Embryonic Kidney Cells 
(Study # RDX5791-SP-01) 

RDX5791 was tested at concentrations of 1, 3, and 10μM on hERG current in HEK293 cells. 
Whole cell patch clamp was used to study potassium current in HEK293 cells stably expressing 
the hERG channel to determine the effect of extracellular application of RDX5791 on the hERG 
current amplitude. Peak current values from each experiment were determined from the 
average of five consecutive experiments in each treatment period. The tail peak hERG current 
was reduced by 90% when cells were treated with positive control (E-4031) at 100nM, 
confirming cell sensitivity. RDX5791 at 1μM had no effect (0%) on the hERG currents but at 
3μM and 10μM caused slight inhibitions of hERG currents by 5% and 16.1%, respectively. The 
clinical exposures in humans at 50 mg BID were <0.5 ng/mL. The, 10μM concentration is 
>24300-fold higher than the clinical exposures at the proposed dose. 

Study: AZ13667691: Selectivity Screening in Cardiac Ion Channel Electrophysiological Assays 
In Vitro (Study # 3624SV) 

The purpose of this study was to perform in vitro electrophysiological assays to assess the 
pharmacological activity of AZ13667691 (tenapanor) in a panel of human recombinant cardiac 
ion channels. Seven types of human recombinant voltage-gated cardiac ion channels were 
selected. They are hCav1.2/β2/α2δ (hICaL), hCav3.2 (ICaT), hHCN4 (IF), hKv1.5 (IKUR), 
hKv4.3/hKChIP2.2 (Ito), hKv7.1/hKCNE1 (IKs) and hNav1.5(INa). Electrophysiological assays were 
conducted in concentration-response mode up to a highest concentration of 33 or 100μM. The 
result showed that tenapanor had significant activity at one of the seven human recombinant 
voltage-gated cardiac ion channels (hCav1.2/β2/α2δ (hICaL) with IC50 value of 4.67 at 33.3µM of 
tenapanor. The 4.67 µM concentration is several thousand fold higher than the clinical 
exposure at the recommended dose, and thus, does not raise safety concerns.  
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Study: Evaluation of Cardiovascular Function Following Administration of RDX5791 in 
Conscious Telemetered Male Beagle Dogs (Study # RDX5791-SP-05) 

The objective of this study was to determine the potential effects of RDX5791 on the 
cardiovascular system in conscious male beagle dogs, using a telemetry system. Blood pressure 
(systolic, diastolic, and mean arterial pressure), heart rate, ECG parameters (PR interval, QRS 
duration, RR interval, QT interval), and QTc were recorded by a transplanted transducer in four 
male beagle dogs/dose group. RDX5791 (100, 300 and 1000 mg/kg) or vehicle was administered 
orally on Days 1, 4, 8, and 11 at escalating doses. Data were collected continuously for 22 
hours. Data were analyzed starting at 15 to 20 minutes before dosing and 0.5, 1, 2, 4, 8, 12 and 
22 hours after dosing. A washout period of at least 72 hours was applied between the doses. 
No test article-related changes in systolic, diastolic, or arterial pressure, heart rate, cardiac 
rhythm, and ECG were noted at doses up to 1000 mg/kg. 

Rats receiving oral doses of tenapanor at doses up to 1000 mg/kg had no CNS and respiratory 
adverse effects. See the appendix (Section 16.2) for details of the studies. 

5.4. ADME/PK 

PK studies of tenapanor were conducted in rats and dogs. The bioavailability of tenapanor was 
very low in rats and dogs. Tenapanor was highly bound to plasma proteins of human, rats and 
dogs. See the appendix (Section 16.2) for details. 

5.5. Toxicology 

5.5.1. General Toxicology 

Study Title/Number: A 6-Month Oral (Gavage) Toxicity Study of AZD1722 in Sprague Dawley 
Rats With Male Fertility Evaluation (Study # -775030) 

Key Study Findings  

• Two males in the high dose group (10 mg/kg/day) died on Days 65 and 139, respectively. 
The male which died on Day 65 had intestinal torsion. Gross necropsy observations 
include: distended duodenum, jejunum, ileum, cecum, and colon, dark red areas in the 
glandular stomach, and dark red discoloration of the cecum. Microscopic examinations 
of both animals showed hemorrhage and acute inflammation of the cecum and 
lymphoid depletion in the spleen and thymus. The death of these animals was 
considered to be test article-related. 

• Test article-related lower body weights and body weight changes were noted in the 3 
mg/kg/day (up to 6.7%) and 10 mg/kg/day (up to 11.5%) dose group males and 10 
mg/kg/day dose group females (up to 8%). Test article-related clinical chemistry 
parameters including decreased glucose, increased phosphorus and increased 
potassium levels were observed in the high and mid dose males; increased phosphorus 
and potassium levels were noticed in low dose males. Females in the high dose group 
showed decreased glucose levels and in the high and mid dose females had increased 
phosphorus levels. 
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• The NOAEL was determined to be 3 mg/kg/day for males and 10 mg/kg/day for females. 

Conducting laboratory and location:   

GLP compliance:  Yes 

Table 4: Methods of Study AZD1722 in Sprague Dawley Rats 
Parameter Details 
Dose and frequency of dosing: 0, 1, 3, and 10 mg/kg/day (5 mL/kg), once daily for 6 

months  
Route of administration: Oral gavage 
Formulation/vehicle: 0.1% Tween 80 [w/v] in deionized water 
Species/strain: Crl:CD (Sprague Dawley) rat 
Number/sex/group: 20 males and 15 females/dose group. 
Age: 7 weeks 
Satellite groups/unique design: For TK studies, 3/sex in control and 9/sex in low, 

medium and high dose groups 
Deviation from study protocol affecting 
interpretation of results: 

None. 

Abbreviations: w/v, weight/volume; TK, toxicokinetic 

Table 5: Observations and Results: Changes From Control, Study AZD1722 in Sprague Dawley 
Rats 
Parameters  Major findings 
Mortality Two males (#9102 and #9106) from the 10 mg/kg/day dose group died on 

Days 65 and 139 after dosing. 
Clinical signs Soft feces, diarrhea, and associated brown material around the 

anogenital and urogenital areas were noted in a dose-related manner in 
the 1, 3, and 10 mg/kg/day dose groups. These observations were 
expected pharmacological effects of the test article. 

Body weights Test article-related lower body weights and body weight changes were 
noted in the 3 mg/kg/day (up to 6.7%) and 10 mg/kg/day group males (up 
to 11.5%), and 10 mg/kg/day females (up to 8%). The effect on body 
weight did not persist through the end of the dosing period. 

Ophthalmoscopy  No ocular changes were observed. 
Hematology No alteration in hematology and coagulation parameters. 
Clinical chemistry HD males at Weeks 13 and 26: 8.0 and 9.8% decrease in mean glucose; 

13.5% and 14.7% increase in phosphorus; 5.7% and 11.8% increase in 
potassium. 
MD males at Weeks 13 and 26: 5.3 and 11.5% decrease in mean 
glucose; 5.5% and 11.3% increase in phosphorus; 5.1% and 8.7% 
increase in potassium. 
LD males at Weeks 13 and 26: 4.1% and 11.3% increase in phosphorus; 
6.4% and 14% increase in potassium  
HD females at Week 13: 11.5% decrease in mean glucose; 14.1% 
increase in phosphorus 
MD females at Week 13: 12.5% increase in phosphorus 
LD female at Week 13: 9.4% increase in phosphorus 
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Parameters  Major findings 
Urinalysis At Weeks 13 and 26, dark, yellow or red urine was observed in HD, MD 

and LD males and HD and MD females.  
Gross pathology No treatment-related macroscopic findings. 
Organ weights Relative to body weight (%) 

No test article-related effects in organ weights. 
Histopathology 
 Adequate battery: 
Yes  

Hypertrophy of the zona glomerulosa (most superficial layer of the 
adrenal cortex): 
Male: 

LD: 15/15 (minimal 7, mild 7 and moderate 1) 
MD: 15/15 (mild 6 and moderate 9) 
HD: 14/14 (mild 6 and moderate 9) 

Female: 
LD: 15/14 (minimal 3, mild 11 and moderate 0) 
MD: 15/15 (mild 5 and moderate 10) 
HD: 15/15 (mild 5 and moderate 10) 

 
Mammary gland adenocarcinoma 
Female: 
HD: 1/15 (This finding is not considered test article-related due to lack of 
any potential precursor lesions, and considered to be back ground finding 
in rats). 

[Other evaluations] 
Male fertility evaluation 

Described under reproductive and developmental toxicology, Section 
16.2. 

-: indicates reduction in parameters compared to control. 
Abbreviations: LD, low dose; MD, middle dose; HD, high dose 

Study Title/Number: A 9-Month Oral (Capsule) Toxicity Study of AZD1722 in Beagle Dogs 
(Study # -775031) 

Key Study Findings  

• One male (#3296) in the low dose group (50 mg/kg/day) was euthanized in extremis 
prior to scheduled necropsy on study day 208. This dog had a stricture of the jejunum 
due to entanglement with a vas deferens. This death was not considered a treatment 
related finding because only one low dose animal was affected. 

• There were no test article-related effects on body weight, food consumption, 
hematology, coagulation, urinalysis, organ weight, ophthalmic, electrocardiographic, 
macroscopic or microscopic findings.  

• The NOAEL was 1000 mg/kg/day, the highest dosage tested for both males and females. 

Conducting laboratory and location:   

GLP compliance:  Yes 
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Table 6: Methods of Study of AZD1722 in Beagle Dogs 
Parameter Details 
Dose and frequency of 
dosing: 

0, 50, 300 and 1000 mg/kg/day, once daily  

Route of administration: Orally 
Formulation/vehicle: Size 11, gelatin capsules 
Species/strain: Beagle dogs 
Number/sex/group: 4 animals/sex/dose groups 
Age: 5 to 6 months 
Satellite groups/unique 
design: 

None 

Deviation from study 
protocol affecting 
interpretation of results: 

None. 

 

Table 7: Observations and Results: Changes From Control, Study AZD1722 in Beagle Dogs 
Parameters  Major Findings 
Mortality One male (#3296) in the low dose group (50 mg/kg/day) was euthanized 

in extremis prior to scheduled necropsy on study day 208, and was not 
considered treatment-related. 

Clinical signs Test article-related clinical observations were limited to abnormal excreta, 
primarily soft feces and diarrhea in all AZD1722-treated male and female 
groups throughout the study. These observations were expected 
pharmacological effects of the drug. 

Body weights No test article-related effects on body weights.  
Ophthalmoscopy  No ocular changes were observed. 
Electrocardiogram No test article-related effects were observed. However, the mean QRS 

interval in the 1000 mg/kg/day group males (38 msec) was significantly 
decreased compared to the control group (44 msec) during study Week 
38 at approximately 6 hours postdosing. This statistically significantly 
minor change in the QRS interval was a normal variant, as values were 
still within the normal range. 

Hematology No alteration in hematology and coagulation parameters. 
Clinical chemistry No test article-related differences in clinical chemistry parameters  
Urinalysis  No test article-related alterations in urinalysis parameters  
Gross pathology No treatment-related macroscopic findings. 
Organ weights Relative to body weight (%) 

No test article-related effects in organ weights. 
Histopathology 
Adequate battery: Yes 

No test article-related histopathological findings were noted. 

[Other evaluations] None 
-: indicates reduction in parameters compared to control. 
LD = low dose; MD = middle dose; HD = high dose 

Twenty-eight day and 3-month oral gavage toxicity studies of tenapanor were conducted in SD 
rats. In a 28-day dose range finding study in rats, tenapanor was administered up to 100 
mg/kg/day. In this study, there was high mortality and severe adverse effects on body weight, 
and the study was shortened from 4 weeks to 2 weeks. In a 3-month toxicology study in rats, 
the NOAEL was 5 mg/kg/day (highest dose tested). In a 3-month oral gavage toxicity study in 
dogs, the NOAEL was determined to be 1000 mg/kg/day (highest dose tested). See the 
appendix (Section 16.2) for details. 
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5.5.2. Genetic Toxicology 

Tenapanor was negative in the Ames test, the in vitro mammalian chromosome aberration 
assay in human peripheral blood lymphocytes, and the in vivo micronucleus assay in mice 
following oral and IV administration in rats. See the appendix (Section 16.2) for details. 

5.5.3. Carcinogenicity 

Study: AZD1722: A 104-week Carcinogenicity Study by Oral Gavage in Rats (Study # 3732CR 
[20049785] 

In a 2-year rat carcinogenicity study, tenapanor was administered to Crl:CD (Sprague Dawley) 
rats by oral gavage at dose levels of 0 (vehicle), 1, 3, and 10 mg/kg/day. The high dose of 10 
mg/kg/day was selected based on the MTD from the 14-day and 6-month toxicology studies in 
rats. On Day 86, the 10 mg/kg/day dose level was reduced to 5 mg/kg/day due to a decrease in 
body weight up to 20%. On Day 92, the 3 mg/kg/day (mid dose) dose level was reduced to 2 
mg/kg/day for both male and female rats. Males in the high dose group (10/5 mg/kg/day) were 
terminated early at Week 83, as only 15 animals survived in the group. All other male groups 
were terminated at Week 86 after only 20 animals survived in the male vehicle control group. 
All female groups were terminated on Week 96 due to survival in the vehicle control female 
group reached 20 animals. There were no tenapanor-related significant effects on survival of 
male or female rats. Tenapanor treated animals showed up to 20% reduction in body weight 
within the first 3 months of the study. Treatment with tenapanor was not associated with a 
treatment related significant increase in neoplasms in male and female rats. 

Study: A 26-week Carcinogenicity Study of Tenapanor and AZ13792925 by Oral Gavage in 
CByB6F1/Tg rasH2 hemizygous mice (Study No. RDX5791-TX-16 [20105943]) 

In the 26-week carcinogenicity study in Tg rasH2 mice with tenapanor and its major metabolite, 
AZ13792915, tenapanor doses of 100, 300 and 800 mg/kg/day were used for females, and 10, 
30 and 100 mg/kg/day for males. The doses of AZ13792915 used were 55 and 165 mg/kg/day 
for both male and female mice. The control groups received the vehicles. The positive control 
was 7.5 mg/mL N-nitrosomethylurea in citrate-buffered saline (pH 4.5). There were no 
tenapanor or AZ13792925-related effects on survival rates of male or female Tg rasH2 mice. For 
the positive control group, there was a high incidence of mortality in males (13 out of 15) and 
females (12 out of 15). Males and females in the 165 mg/kg/day AZ13792925 dose group 
showed reductions of body weight (13.3% and 8.3%, respectively), compared to controls. Due 
to decrease in mean body weight, high dose of 165 mg/kg was reduced to 110 mg/kg/day on 
Day 99. The body weight was lower in males (12.8%) and females (7.0%) at study termination 
day. No significant tenapanor or AZ13792925-related neoplastic or non-neoplastic findings 
were noted in male and female Tg rasH2 mice. 

5.5.4. Reproductive and Developmental Toxicology 

Fertility and Early Embryonic Development 

Female fertility and early embryonic development study was conducted in CD-1 mice. The 
NOAEL for female fertility was determined to be 50 mg/kg/day (highest dose tested). Effects of 
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tenapanor in male fertility was determined in SD rats. The NOAEL was determined to be 10 
mg/kg/day (highest dose tested). See the appendix (Section 16.2) for details.  

Embryo-Fetal Development 

Study Title/Number: An Oral (Gavage) Study of Effects of RDX5791 on Embryo/Fetal 
Development in Rats (Study # RDX5791-TX-14 [ -775024]) 

Key Study Findings  

• Oral gavage administration of tenapanor to pregnant Crl:CD (Sprague Dawley) rats 
during organogenesis was not well-tolerated at dose levels of 10 and 30 mg/kg/day, as 
evidenced by mortality and moribundity, adverse clinical findings (primarily excreta-
related), body weight losses, and reduced food consumption. Due to excessive maternal 
toxicity, females in the 10 and 30 mg/kg/day group were terminated early on Gestation 
Days 13, 14, 15, or 16. 

• In the 1 mg/kg/day group of tenapanor, excreta related clinical findings were noted 
generally throughout the treatment period. Intrauterine growth, and survival and 
external, visceral, and skeletal morphology were unaffected in the 1 mg/kg/day. Mean 
body weight losses and reduced food consumption were noted at 1 mg/kg/day. 

• The NOAEL for maternal toxicity was determined to be <1 mg/kg/day, and NOAEL for 
the embryo-fetal development was considered to be 1 mg/kg/day. 

Conducting laboratory and location:  

GLP compliance: Yes 

Table 8: Methods of Study RDX5791-TX-14 on Embryo/Fetal Development in Rats 
Parameter Details 
Dose and frequency of dosing: 0, 1, 10 and 30 mg/kg/day, once daily. 
Route of administration: Oral gavage 
Formulation/vehicle: 0.1% Tween 80 [w/v] in deionized water 
Species/strain: Crl:CD (Sprague Dawley) rats 
Number/sex/group: 25 females/dose group 
Satellite groups: Yes, for toxicokinetic analysis five females/dose group 
Study design: Pregnant animals were dosed once daily by oral gavage, from GD 6 to 

GD 17. Females were observed daily for clinical signs, and body 
weights and food intake was recorded daily. On GD 20, a 
laparohysterectomy was performed on each surviving female. The uteri, 
placentae, and ovaries were examined, and the number of fetuses, 
early and late resorptions, total implantations, and corpora lutea were 
recorded. Gravid uterine weights were recorded, and net body weights 
and net body weight changes were calculated. The fetuses were 
weighed, sexed, and examined for external, visceral, and skeletal 
malformations and developmental variations. For toxicokinetic analysis, 
blood samples were collected from four rats/test article treated group at 
0 (predose), 1, 2, 4, 8, and 24 hours after dose administration on GDs 6 
and 17. 

Deviation from study protocol 
affecting interpretation of 
results: 

None 

Abbreviation: GD, gestation day 
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Table 9: Observations and Results of Study RDX5791-TX-14 on Embryo/Fetal Development in Rats 
Parameters  Major findings 
Mortality In the 30 mg/kg/day dose group, two females were found dead (#32879 

and 32859) on GD 13 and 16, respectively, and one female (#32862) was 
euthanized in extremis on GD 15. Mortality was not observed in the 10 
mg/kg dose group. However, due to extreme body weight loss and 
significant reduction in food intake, females in the MD and HD groups 
were terminated on GDs 13, 14, 15, or 16. All females in the control and 1 
mg/kg/day groups survived to the scheduled necropsy on GD 20. 

Clinical signs Females in the 10 and 30 mg/kg/day dose group showed soft feces and 
diarrhea, decreased defecation, and brown material on the anogenital 
area, urogenital area, base of the tail, and ventral abdominal area. These 
findings were noted at the daily examinations generally beginning on GD 
7 through the day of death/euthanasia. In addition, red material on the 
urogenital area was noted for two and six females in the 10 and 30 
mg/kg/day groups, respectively, during GDs 13-16 at the daily 
examinations and/or 1-2 hours following dose administration. Partial 
closure of the eyes was noted on GD 13 at the daily examinations for the 
female that was euthanized in extremis in the 30 mg/kg/day group. 
Clinical findings of soft stool/diarrhea were noted for all females in the 1 
mg/kg/day group, generally throughout the treatment period. 

Body weights Animals in all MD and HD groups showed statistically significant decrease 
in body weight gain (MD: up to 28.6%; HD: up to 35%,) on Day 6 to 16 of 
gestation when compared to controls. In the LD group, mean body 
weights were 5% to 6.8% lower compared to the control group. 

Necropsy findings 
Cesarean section data  

Two females found dead (#32879 and 32859) in the HD group showed 
small thymus. One female euthanized in extremis showed distended 
cecum with 14 normally developed implantations and one early resorption 
in utero. Due to extreme body weight loss and significant reduction in 
food intake, females in the MD and HD groups were terminated on GDs 
13, 14, 15, or 16. These females from the MD and HD were discarded 
without examination. Data below shows from control and low dose groups 
only.  
 
No treatment-related findings in LD group (1 mg/kg/day) at necropsy in 
any female sacrificed on Day 20 of gestation.  

(continued below) 
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Parameters  Major findings 
Necropsy findings 

Cesarean section data 
 (continued) 

Corpora lutea, number 
CG: 420±3.15 
LD: 425±2.74 

Implantations, number 
CG: 390±2.6 
LD: 382±3.55 

Early Resorption (%) 
CG: 4.8% 
LD: 6.0% 

Late Resorption (%) 
CG: 0.00% 
LD: 4.00% 

Pre-implantation loss (%) 
CG: 6.2% 
LD: 11.0% 

Post implantation loss (%) 
CG: 4.8% 
LD: 10.0% 

Fetal Weight (g) 
CG: 3.7 

LD: 3.6 
Necropsy findings 

Offspring 
All animals in the 10 and 30 mg/kg/day groups were found dead, 
euthanized in extremis, or euthanized early due to excessive toxicity prior 
to the scheduled necropsy. Therefore, evaluation of fetal morphology was 
precluded in these groups.  
 
There were no test article-related skeletal developmental variations noted 
in the 1 mg/kg/day group. An increased mean litter proportion of reduced 
ossification of the vertebral arches was noted in the 1 mg/kg/day group 
(1.7% per litter) compared to the control group (0.0% per litter) and the 
value exceeded the maximum mean value in the WIL historical control 
data (1.1% per litter). 

Abbreviations: CG, control group; GD, gestation day; HD, high dose; LD, low dose; MD, middle dose 

Study Title/Number: An Oral (Gavage) Study of the Effects of RDX5791 on Embryo-Fetal 
Development in Rabbit (Study # RDX5791-TX-15 [ -775025]) 

Key Study Findings 

• Females in the MD and HD dose groups showed mean body weight loss and reduced food 
intake. 

• Tenapanor had no effect on the pregnancy or fetal parameters at any dose levels. 
• The NOAEL for maternal toxicity was determined to be 5 mg/kg/day due to weight loss, and 

embryo-fetal development was considered to be 45 mg/kg/day. 

Conducting laboratory and location:  

GLP compliance: Yes 
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Table 10: Methods of Study RDX5791-TX-15 on Embryo-Fetal Development in Rabbit 
Parameter Details 
Dose and frequency of 
dosing: 

0, 5, 15 and 45 mg/kg/day, once daily 

Route of administration: Oral gavage 
Formulation/vehicle: 0.1% Tween 80 [w/v] in deionized water 
Species/strain: New Zealand white rabbits 
Number/sex/group: 22 females/dose group 
Satellite groups: 4 females/dose group for TK analysis. Blood samples were collected on 

GDs 7 and 20. 
Study design: Pregnant females were dosed once daily by oral gavage, from GD 7 to 

GD 20. Females were observed daily, their body weights were recorded, 
and food intakes monitored. Animals were sacrificed on Day 29 of 
gestation and pregnancy parameters were determined. Gravid uterus and 
placenta weights were recorded. Fetuses were removed from the uterus, 
weighed, sexes determined and then examined for external, visceral and 
skeletal abnormities. 

Deviation from study 
protocol affecting 
interpretation of results: 

None. 

Abbreviation: w/v, weight/volume; GD, gestation day; TK, toxicokinetic 

Table 11. Observations and Results of Study RDX5791-TX-15 on Embryo-Fetal Development in 
Rabbit 
Parameters  Major findings 
Mortality No test article-related mortality.  
Clinical Signs One female in the 45 mg/kg/day group aborted on GD 23 following body 

weight losses (17.8%) and reduced food consumption beginning 7 days 
prior to abortion. This single abortion was not considered test article-
related. Slightly increased incidences of excreta-related findings 
(decreased defecation, small feces, soft stool, diarrhea, and/or brown 
material at the base of the tail) were noted in all test article treated groups 
at the daily examinations beginning on GD 8. These excreta related 
findings were generally noted in a dose-dependent manner and were 
expected pharmacological effects of the test article. No other test article-
related clinical signs were noticed. 

Body Weights There was a reduction in overall mean body weight gain (g) in MD and 
HD females (LD: 240±41.5g; MD: 82±62g; HD: 138±40.4g vs. 320±33.1g 
in controls) during the treatment period (Days 7 to 21 of gestation) 
compared with controls; (statistically significant at 15 and 45 mg/kg/day; 
p<0.01 to p<0.05). After the dosing was stopped, body weight gain was 
similar in all groups on Day 29 of gestation.  
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Parameters  Major findings 
Necropsy findings 

Cesarean section data  
One female in the 45 mg/kg/day dose group (#65633) aborted on GD 23, 
and had white areas on a thickened cecum and colon and two early 
resorptions in utero. No other treatment-related findings were observed at 
necropsy. Treatment with tenapanor had no significant effect on the 
pregnancy parameters at any dose levels. 
Corpora lutea, number 

CG: 215±1.6 
LD: 208±1.9 
MD: 188±1.9 
HD: 195±2.1 

Implantations, number 
CG: 189±1.2 
LD: 196±1.6 
MD: 172±2.3 
HD: 178±1.6 

Early Resorption (%) 
CG: 3.2 
LD: 10.4 
MD: 3.2 
HD: 6.0 

Late Resorption (%) 
CG: 0.5 
LD: 2.9 
MD: 3.8 
HD: 2.8  

Pre-implantation loss (%) 
CG: 11.1 
LD: 4.9 
MD: 9.0 
HD: 7.9 

Post implantation loss (%) 
CG: 3.8 
LD: 13.3 
MD: 7.0 
HD: 8.7 

Fetal Weight (g) 
CG: 40.5 
LD: 39.0 
MD: 39.8 
HD: 40.1 
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Parameters  Major findings 
Necropsy findings 
Offspring malformations, 
variations, etc. 

Tenapanor treatment was not associated with any significant increase in 
fetal abnormalities at any dose level. However, some malformations were 
observed which include: 
 

CG: One fetus with excessive fat pad. 
LD: Four fetuses were noted with lobular agenesis of the lungs 

consisting of an absent right accessory lobe. Fusion of sternebrae 
numbers 4 and 5. Vertebral central anomaly in one fetus. 

MD: One fetus with hydrocephaly. 
HD: One fetus with carpel flexure (right). Another fetus (#65656-06) 

had an absent kidney and ureter (right). Fetus no. 65625-09 was 
noted with a skull anomaly consisting of the intraparietal and 
supraoccipital bones being fused. Fusion of sternebrae nos. 1 
through 5. 

However, none of these findings were considered treatment-related 
because of isolated cases of these findings and the incidences are within 
historical control values. 

Abbreviations: CG, control group; LD, low dose; MD, mid dose; HD, high dose; GD, gestation day 

 

Prenatal and Postnatal Development 

Study Title/Number: An Oral (Gavage) Study of the Effects of Tenapanor on Pre- and 
Postnatal Development, Including Maternal Function in Mice (Study # -775035) 

Key Study Findings  

• Tenapanor had no effect on pregnancy parameters or litter survival, percentage of 
males at birth, postnatal survival, pup clinical observations, or necropsy findings at any 
dosage level. 

• Test article-related, adverse lower mean body weight gains were noted in the 60 
mg/kg/day (8.3% to 14.1%) and 200 mg/kg/day (13.7% to 17.3%) group F1 male and 
female pups throughout the preweaning period (PND 1 to 21). 

• Maternal treatment of tenapanor had no other significant effect on the F1 generation, 
including behavior, sexual development, and fertility and mating performance in either 
sex. 

• The NOAEL for maternal toxicity was determined to be 200 mg/kg/day and the NOAEL 
for the F1 neonatal/developmental toxicity was considered to be 20 mg/kg/day. 

Conducting laboratory and location:  

GLP compliance: Yes 

Reference ID: 4490899

(b) (4)

(b) (4)



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

38 
Version date: September 12, 2018  

Table 12: Methods of Study -775035 on Pre- and Postnatal Development and Maternal 
Function in Mice 
Parameter Details 
Dose and frequency of dosing: 0, 20, 60 and 200 mg/kg/day; Once daily 
Route of administration: Oral gavage 
Formulation/vehicle: Tween 80 [w/v] in deionized water 
Species/strain: Crl:CD1 Mice 
Number/sex/group: 25 females/dose group 
Satellite groups: None 
Study design: Animals were dosed orally once daily, from GD 6 to Lactation 

Day 20. Females were observed daily for clinical signs, and body 
weights and food intake was also recorded daily. The females 
were allowed to litter and rear their offspring to weaning on Day 
21 of lactation. Pups not selected for the F1 generation were 
sacrificed on Day 21 of lactation together with all parental 
generation dams, and a necropsy examination was conducted. 
 
For the F1 generation, 25 males and 25 females per group were 
selected and allowed to mature, untreated. The effects on 
growth, development, behavior and reproductive performance 
were assessed. The F1 animals in each group (maximum of 
1/sex/litter) were mated, avoiding sibling pairings. All F1 females 
were allowed to deliver and rear their pups until PND 4. Clinical 
observations, body weights, and sexes were recorded for F2 pups 
at appropriate intervals. Gross necropsies were performed on all 
F2 pups found dead; all remaining F2 pups were euthanized and 
discarded without examination on PND 4. 

Deviation from study protocol 
affecting interpretation of 
results: 

None. 

Abbreviations: PND, postnatal day; w/v, weight/volume; GD, gestation day 
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Table 13: Observations and Results of Study -775035 on Pre- and Postnatal Development and 
Maternal Function in Mice 
Generation Major Findings 
F0 dams There were no test article-related effects on survival of the F0 females at 

any dosage level. One female in the 200 mg/kg/day group was found 
dead on GD 8. In the 20 mg/kg/day group, one female was euthanized in 
extremis on lactation Day 3. The moribundity and mortality at 20 and 200 
mg/kg/day occurred in the absence of any other signs of adverse toxicity, 
and therefore were not considered test article-related.  
 
No test article-related clinical signs and body weight gains were noted 
during the study. Lower mean food consumption was noted in the 200 
mg/kg/day group F0 females throughout the entire gestation (GDs 6 to 18) 
and lactation (lactation days 1-21) periods. However, in the absence of an 
effect on mean body weights, the reduction in mean food consumption 
was considered test article-related but not adverse. 
 
There were no test article-related effects on gestation lengths or the 
process of parturition for F0 females at any dosage level. There were no 
test article-related macroscopic findings or effects on the mean number of 
implantation sites in any dose group.  

F1 generation No unscheduled deaths or clinical signs related to the test item were 
observed in either sex. There were no test article-related effects on the 
mean number of F1 pups born, live litter size, percentage of males at 
birth, postnatal survival, pup clinical observations, or necropsy findings at 
any dosage level. Test article-related, adverse lower mean body weight 
gains were noted in the 60 mg/kg/day (8.3% to 14.1%) and 200 
mg/kg/day (13.7% to 17.3%) group F1 male and female pups throughout 
the preweaning period (PND 1-21). 
 
There were no effects of maternal treatment on learning and memory of 
F1 pups. However, a test article-related higher (up to 64.4%) mean 
escape time with a corresponding higher (up to 110.0%) mean number of 
errors was noted in the 200 mg/kg/day group F1 males during the PND 22 
memory assessment. There were no effects of maternal treatment on 
auditory function, sexual development, fertility and mating performance in 
either sex at any dose levels. However, test article-related higher motor 
activity counts were noted for F1 males at 200 mg/kg/day on PND 21 but 
not in F1 males and females at 20 and 60 mg/kg/day or F1 females at 200 
mg/kg/day on PND 21 and or at any dosage level on PND 61.  

F2 generation No effects of F0 maternal test article administration were noted on the 
mean number of F2 pups born, live litter size, percentage of males at 
birth, postnatal survival or pup clinical observations.  

Abbreviation: GD, gestation day; PND, postnatal day 

5.5.5. Juvenile Toxicology Studies 

In the 8-week juvenile toxicology study in rats, mortalities and dehydration of the animals were 
observed and the NOAEL was determined to be 0.1 mg/kg/day. Details of the studies are 
provided in the appendix (Section 16.2). 

These findings of toxicity at doses much lower than human therapeutic doses raise concerns of 
the potential for young children to have increased susceptibility to toxicity related to 
tenapanor. The findings in this study occurred in animals of human age equivalent < 2 years. 
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While IBS does not occur in this young age group (age < 6 years), there is a need to study the 
drug in children age 6 years and older. This issue will be further evaluated in an additional 
juvenile toxicology study, issued as a post-marketing requirement, with dosing to start on 
PND21, to determine whether or not it is appropriate to initiate any clinical trial in patients <12 
years of age. The currently available information will be noted in product labeling, which will 
include a boxed warning noting the deaths in young juvenile animals, a contraindication in 
patients < 6 years, and a warning to avoid use in patients 6 to <12 years of age.  
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6. Clinical Pharmacology 

6.1. Executive Summary 

IBSRELA (tenapanor) is a locally acting sodium/hydrogen exchanger 3 (NHE3) inhibitor. The 
proposed indication is for the treatment of irritable bowel syndrome with constipation (IBS-C) 
in adults. IBSRELA is formulated as a tablet containing 50 mg of tenapanor. The proposed 
dosing regimen is 50 mg administered orally twice a day (50 mg BID), immediately prior to 
breakfast (or the first meal of the day) and immediately prior to dinner.  

The Applicant evaluated the 50 mg BID dosing regimen in two phase 3 trials (TEN-01-301 and 
TEN-01-302). The Applicant conducted a phase 2 dose-ranging study to support the dose 
selection for phase 3 trials. The Applicant also submitted results of phase 1 trials and in vitro 
studies to support clinical pharmacology information of tenapanor. 

The key clinical pharmacology review findings are summarized in Table 14. 

Table 14. Summary of Clinical Pharmacology Review Findings 
Review Issues Recommendations and Comments 
Pivotal and supportive 
evidence of effectiveness 

The efficacy of tenapanor for the treatment of IBS-C is established in 
two phase 3 trials (TEN-01-301 and TEN-01-302).  
The pharmacodynamic effect on fecal sodium excretion in phase 1 trial 
(D5611C00005) and dose-response for complete spontaneous bowel 
movement (CSBM) in phase 2 trials (RDX5791-201 and D5612C0001) 
provide supportive evidence of effectiveness.  

General dosing instructions The efficacy and safety data from phase 3 trials overall support that the 
proposed 50 mg BID dosing regimen is acceptable. 

Dosing in patient subgroups 
(intrinsic factors) 

No dose individualization is recommended based on intrinsic factors. 

Drug interactions In vitro and in vivo drug interaction studies do not indicate clinically 
relevant drug-drug interaction (DDI) potential for tenapanor. 

Bridge between the to-be 
marketed and clinical trial 
formulations 

The to-be-marketed formulation was used in tenapanor phase 3 trials; 
therefore, there is no need to bridge the to-be-marketed formulation to 
the clinical trial formulation. 

Abbreviation: IBS-C, irritable bowel syndrome with constipation 

6.1.1. Recommendations 

From a clinical pharmacology standpoint, this NDA is acceptable to support the approval of 
tenapanor for the treatment of irritable bowel syndrome with constipation in adults. 

6.2. Summary of Clinical Pharmacology Assessment 

6.2.1. Pharmacology and Clinical Pharmacokinetics 

Mechanism of Action 

Tenapanor is a locally acting inhibitor of the sodium/hydrogen exchanger 3 (NHE3). NHE3 is an 
antiporter expressed on the apical surface of the small intestine and colon primarily responsible 

Reference ID: 4490899



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

42 
Version date: September 12, 2018  

for the absorption of dietary sodium. In vitro and animal studies indicate that the major 
metabolite of tenapanor, M1 (AZ13792925), is not active against NHE3.  

Pharmacodynamics 

Tenapanor reduces absorption of sodium from small intestine and colon. In a study in healthy 
subjects, taking tenapanor (tablet 15 mg) 5 to 10 minutes before a meal showed a greater 
effect on increasing the 24-hour stool sodium excretion than taking tenapanor in fed or fasting 
conditions.  

QT Prolongation 

At approximately 3 times the mean maximum exposure of M1 following the recommended 50 
mg BID dosing, there were no clinically relevant effects on the QTc interval.  

Clinical Pharmacokinetics 

Tenapanor (parent drug) showed minimal systemic absorption with plasma concentrations 
below the lower limit of quantitation (0.5 ng/mL) in most PK samples in clinical trials. 
Consequently, it is not feasible to characterize the typical PK parameters of tenapanor following 
oral administration. Tenapanor is metabolized primarily by CYP3A. Plasma concentrations of 
the major metabolite (M1) were measured in clinical studies. There is minimal accumulation of 
M1 to steady-state as M1 Cmax is approximately 13 ng/mL after a single dose of 50 mg 
tenapanor and 15 ng/mL at steady state following 50 mg BID in healthy subjects. 

6.2.2. General Dosing and Therapeutic Individualization 

General Dosing 

The dose-response results in the phase 2 study and the efficacy results in phase 3 trials overall 
support the acceptability of the proposed dosing regimen of tenapanor 50 mg BID. The results 
of the food effect study also support that tenapanor should be taken immediately before a 
meal, which is consistent with the design of the phase 3 clinical trials. 

Therapeutic Individualization 

Therapeutic individualization based on intrinsic or extrinsic factor is not necessary. Tenapanor 
has minimal systemic absorption following oral administration and the effectiveness of 
tenapanor to treat IBS-C is not dependent on its systemic exposure. Dose adjustment in 
patients with hepatic or renal impairment is not necessary. In vitro and in vivo drug interaction 
studies did not indicate clinically relevant drug-drug interaction potential for tenapanor. 

Outstanding Issues 

There are no outstanding issues that would preclude the approval of tenapanor from the 
Clinical Pharmacology perspective.  
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6.3. Comprehensive Clinical Pharmacology Review 

6.3.1. General Pharmacology and Pharmacokinetic Characteristics 

Pharmacological properties and PK characteristics of tenapanor are summarized in Table 15 and 
Table 16.  

Table 15. Summary of the General Pharmacology of Tenapanor 
Pharmacology 
Mechanism of Action Tenapanor is a locally acting inhibitor of NHE3. By inhibiting NHE3 on the apical 

surface of the enterocytes, tenapanor reduces absorption of sodium from the 
small intestine and colon, resulting in an increase in water secretion into the 
intestinal lumen, which accelerates intestinal transit time and results in a softer 
stool consistency.  

Active Moieties Tenapanor is the active moiety. 
The major metabolite (M1) is inactive against NHE3. No safety concerns related 
to M1 were found in animal toxicology studies. See Section 5 of this 
multidiscipline review for details of the nonclinical study results. 

QT Prolongation Based on extensive ECG data in healthy subjects (Study D5611C00005), no 
clinically relevant effects on the QTc interval was observed in doses up to 
tenapanor HCl 90 mg capsule BID (88 mg in tenapanor), which resulted in 
approximately 3 times the mean maximum exposure of M1 following tenapanor 
50 mg BID in TEN-01-103, i.e., 48.7 ng/mL vs. approximately 15 ng/mL. 

Abbreviation: BID, twice daily; ECG, electrocardiogram 

 

Table 16. Summary of the Pharmacokinetics of Tenapanor 
ADME 
Absorption Tenapanor is minimally absorbed following oral administration. Plasma 

concentrations of tenapanor were below the lower limit of quantitation (0.5 
ng/mL) in most samples (>99%) following single or repeated oral administration 
of tenapanor 50 mg in healthy subjects. 

Distribution Plasma protein binding 
Tenapanor: 99% 
M1: 97%  

Metabolism Tenapanor is metabolized primarily by CYP3A.  
Following oral administration of 15 mg radiolabeled 14C-tenapanor in a mass 
balance study (D5611C00007) in healthy subjects, unchanged tenapanor was 
not detected in pooled plasma samples collected within 24 hours after dosing. 
M1 was the most abundant metabolite and accounted for 16% of plasma AUC0-

24 in radioactivity.  
Excretion In the mass balance study (D5611C00007), the total radioactivity recovery was 

89.2%, of which 79.3% was recovered in feces (65% in the unchanged drug) 
and 8.99% was recovered in urine as metabolites (1.5% as M1). The half-life of 
M1 is 18.7 hours. 

General Information 
Bioanalysis Validated LC-MS/MS methods were used to determine the concentrations of 

tenapanor and M1. See section 16.3.3 for details of the method validation. 
Dose Proportionality In healthy subjects (D5611C00005), Cmax of M1 increased dose proportionally at 

tenapanor doses ranging from 14 mg to 88 mg formulated as a capsule. 
Abbreviations: AUC, area under the curve; Cmax, maximum concentration; CYP, cytochrome P540; LC-MS/MS, liquid 
chromatography with tandem mass spectrometry 

Reference ID: 4490899



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

44 
Version date: September 12, 2018  

6.3.2. Clinical Pharmacology Questions 

Does the clinical pharmacology program provide supportive evidence of effectiveness? 

Yes. The efficacy of tenapanor for the treatment of IBS-C was demonstrated in the two phase 3 
trials. See Section 8 of this multidisciplinary review for details of study design and efficacy 
results of the phase 3 trials. The pharmacodynamic (PD) effect on fecal sodium excretion and 
dose-response relationships for efficacy described below provide supportive evidence of 
effectiveness. Note that tenapanor is a locally acting agent and the effectiveness of tenapanor 
to treat IBS-C is not dependent on its systemic exposure. 

• PD effect on fecal sodium excretion: The PD results in the phase 1 study in healthy 
subjects (D5611C00005) showed that the mean daily fecal sodium excretion was greater 
in all tenapanor treatment groups compared to the placebo group (Table 17). 

Table 17. Mean Daily Fecal Sodium Excretion by Tenapanor Doses After Repeated Dosing for 7 
Days in Healthy Japanese Subjects (Study D5611C00005) 
Cohort (Tenapanor 
Capsule Dose) 

Placebo 
(n=14) 

15 mg BID 
(n=12) 

30 mg BID  
(n=12) 

60 mg BID 
(n=12) 

90 mg BID 
(n=12) 

Mean ± SD (mEq/day) 4.1±3.1 21.3±17.8 32.2±16.8 28.4±23.4 30.8±15.6 
The 15 mg, 30 mg, 60 mg, and 90 mg of tenapanor capsules correspond to 14 mg, 28 mg, 60 mg, and 88-mg dose of tenapanor, 
respectively.  
Abbreviations: BID, twice daily; SD, standard deviation 
Source of data: Table 24, Summary of Clinical Pharmacology 

• Dose-response for CSBM: once daily (QD) dosing regimen: Tenapanor treatment 
improved weekly complete spontaneous bowel movement (CSBM) frequency compared 
to the placebo group in the phase 2a dose-finding study in patients with IBS-C 
(RDX5791-201). Following multiple doses of tenapanor 10, 30, or 100 mg QD and 
placebo for 4 weeks, the mean changes from baseline in weekly CSBM frequency were 
1.50, 1.54, and 1.57 in the tenapanor 10 mg, 30 mg, and 100 mg QD dose groups, 
respectively, compared to 1.01 in the placebo group. Although there was no apparent 
dose-response relationship for change in weekly CSBM frequency among the tenapanor 
dose groups at Week 4, the 100 mg QD group overall showed the greatest effect in 
improving weekly CSBM frequency at time points prior to Week 4, suggesting a faster 
onset of treatment effect at higher doses. See OCP appendixes (Section 16.3) individual 
study report for details. 

• Dose-response for CSBM: twice daily (BID) dosing regimen: A dose-response relationship 
was demonstrated in the phase 2b dose-finding study in patients with IBS-C 
(D5612C0001) in terms of overall CSBM responder rate (the primary endpoint) and 
change in weekly CSBM frequency (the secondary endpoint; Table 18). The tenapanor 
50 mg BID dosing regimen showed greater treatment effect than the 5 mg BID and 20 
mg BID dosing regimens which supported the dose selection for phase 3 trials. 
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Table 18. Dose-Response for CSBM in Study D5612C00001 

Response 
Placebo 

(n=89) 

Tenapanor 
5 mg BID 

(n=87) 

Tenapanor 
20 mg BID 

(n=87) 

Tenapanor 
50 mg BID 

(n=87) 
CSBM response rate (%) 33.7 40.2 43.7 60.7* 
Change in CSBM frequency 
(mean ± SD) 1.1±2.4 1.8±2.7 2.3±3.6 2.9±4.0 
CSBM responders are defined as weekly responders with an increase of ≥1 CSBM from baseline for 6 out of 12 treatment weeks. 
Change in CSBM frequency represents the change in average weekly CSBM from baseline to Week 12.  
* Note that the treatment comparison of 50 mg BID group versus placebo was statistically significant (p<0.001).  
Abbreviations: BID, twice daily; CSBM, complete spontaneous bowel movement; SD, standard deviation 
Source of data: Tables 6 and 7, CSR D5612C0001 

Is the proposed dosing regimen appropriate for the general patient population for which the 
indication is being sought? 

Yes. The efficacy and safety data from phase 3 trials overall support that the proposed 
tenapanor 50 mg BID dosing regimen is acceptable for the treatment of IBS-C. The dose 
selected for phase 3 trials are also supported by the dose-response results in phase 2 trials 
(RDX5791-201 and D5612C0001) as described above.  

Dosing Timing Relative to a Meal 

The proposed dosing regimen includes a recommendation to take tenapanor immediately prior 
to the first meal of the day and dinner, which is consistent with the study design of the phase 3 
trials. The results of the food effect study in healthy subjects (D5611C00003, Part A) also 
showed that taking tenapanor immediately before a meal achieved greater PD effect on fecal 
sodium excretion compared to taking tenapanor after meals or in fasting conditions. In Study 
D5611C00003, the mean 24-hour fecal sodium excreted were 14.1 mEq, 17.2 mEq, and 25.9 
mEq when tenapanor HCl 15 mg (14 mg in tenapanor) BID was administered for 4 days in a 
fasting condition, after meals, or 5 to 10 minutes prior to meals, respectively.  

Dose-Response for Safety 

Based on the integrated summary of safety with the integrated safety analysis set, the most 
commonly occurring treatment-emergent adverse events (TEAEs) in IBS-C subjects was 
diarrhea, occurring in 14.8% of IBS-C patients who received tenapanor 50 mg BID compared to 
2.3% of patients administered placebo (see Section 10 for the review of safety). There were 
apparent dose-response relationships for diarrhea in phase 2 trials with higher incidence of 
diarrhea at higher doses.  

• In the phase 2a study (RDX5791-201) for 4-week period, the incidence of diarrhea was 
2.2% (N=46), 4.3% (N=47) and 4.3% (N=46) at tenapanor doses of 10 mg, 30 mg, and 100 
mg QD, respectively, compared to an incidence of 2.1% (N=47) in the placebo group. 

• In the phase 2b study (D5612C00001) for 12-week period, the incidence of diarrhea was 
8.0% (N=88), 12.4% (N=89) and 11.2% (N=89) at tenapanor doses of 5 mg, 20 mg, and 50 
mg BID, respectively, compared to an incidence of 0% (N=90) in the placebo group. 
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Is an alternative dosing regimen or management strategy required for subpopulations based 
on intrinsic patient factors? 

No. There is no need for alternative dosing regimen for subpopulations based on intrinsic 
factors. As discussed below, dose adjustment for renal or hepatic impairment is not necessary.  

Renal Impairment 

A dedicated renal impairment study for tenapanor was not conducted. Dose adjustment for 
renal impairment is unnecessary, given the following considerations: 

• Tenapanor has minimal systemic absorption and only a small fraction of dose is excreted 
in urine (~9% of dose in metabolites).  

• The Applicant provided safety data from patients with ESRD (Studies D5611C00001, 
D5613C00001, and TEN-02-201) and patients with chronic kidney disease (CKD) (Study 
D5610C00001) to support the use of tenapanor in renal impairment. PK data in renal 
impairment was available from Study D5611C00001, where ESRD patients on dialysis 
(eGFR <15 mL/min/1.73m2) received tenapanor HCl  

 The mean plasma concentrations of M1 in ESRD patients was 2.55 
ng/ml (n=5), in comparison to 7.99 ng/mL (n=12) in healthy subjects at comparable 
doses. 

Hepatic Impairment  

A dedicated hepatic impairment study for tenapanor was not conducted. As tenapanor is 
minimally absorbed and primarily excreted in feces in unchanged form (~65% of dose), dose 
adjustment in hepatic impairment is not needed. 

Are there clinically relevant food-drug or drug-drug interactions, and what is the appropriate 
management strategy? 

No. The in vitro and in vivo DDI study results did not indicate clinically relevant DDI effect of 
tenapanor. 

In Vivo Study Results 

• Tenapanor is metabolized via CYP3A. In Study TEN-01-104, co-administration of 
tenapanor 50 mg with itraconazole (a strong CYP3A inhibitor) decreased systemic 
exposure to M1 by 50%. Plasma concentration of tenapanor was below LLOQ in most 
plasma samples either with or without itraconazole. As M1 is pharmacologically inactive 
and no safety concern was found in nonclinical studies, 50% decreased M1 exposure is 
not considered clinically significant.  

• In TEN-01-103, co-administration of tenapanor 50 mg BID did not alter PK of midazolam 
(a CYP3A substrate) or cefadroxil (a PepT1 substrate). 
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In Vitro Drug-Drug Interactions Results 

• Tenapanor is a substrate of CYP3A4 and CYP3A5; however, none of the CYP enzymes 
was found to be responsible for ≥25% of its overall elimination.  

• Neither tenapanor nor M1 inhibits CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, and 
CYP2D6. Tenapanor and M1 do not induce CYP1A2 and CYP2B6.  

• Tenapanor is not a substrate of P-gp; however, M1 is a substrate of P-gp.  
• Tenapanor and M1 are not substrates of BCRP, OATP1B1, or OATP1B3. 
• Neither tenapanor nor M1 inhibits P-gp, BCRP, OATP1B1, and OATP1B3. M1 did not 

inhibit OAT1, OAT3, OCT2, MATE1, and MATE2-K.  
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7. Sources of Clinical Data and Review Strategy  

7.1. Table of Clinical Studies  

Table 19. Listing of Clinical Trials Relevant to this NDA/BLA 

Trial Identity Trial Design 

Regimen/ 
Schedule/ 
Route Study Endpoints 

Treatment 
Duration/ 
Follow Up 

No. of 
patients 
(Total  
Tenapanor 
Placebo) 

Study 
Population 

No. of 
Centers 
and 
Countries 

 Controlled Studies to Support Efficacy and Safety 
TEN-01-301 Randomized 1:1, 

double-blind, 
placebo-
controlled  

50 mg/BID/Orally 6/12-week overall responder (weekly 
responder for at least 6/12 weeks for 
both CSBM and abdominal pain) 

12 weeks/ 
4 weeks 

610* 
309 
301 

Females and 
Males, 18 to 
75 years of 
age  

122 
United 
States 

TEN-01-302 Randomized 1:1, 
double-blind, 
placebo-
controlled  

50 mg/BID/Orally 6/12-week overall responder (weekly 
responder for at least 6/12 weeks for 
both CSBM and abdominal pain) 

26 weeks 620* 
293 
300 

Females and 
Males, 18 to 
75 years of 
age 

92 
United 
States 

D5612C0001 Randomized 
1:1:1:1, double-
blind, placebo-
controlled 

5 mg/BID/Orally 
20 mg/BID/Orally 
50 mg/BID/Orally 

6/12-week overall responder (weekly 
responder for at least 6/12 weeks for 
both CSBM and abdominal pain) 

12 weeks/ 
4 weeks 

356 
266 
90 

Females and 
Males, 18 to 
75 years of 
age 

79 
United 
States 

RDX5791-201 Randomized, 
1:1:1:1, double-
blind, placebo-
controlled 

10 mg RDX5791 
30 mg RDX5791 
100 mg 
RDX5791 

Change in weekly complete 
spontaneous bowel movement 
(CSBM) frequency from the 14 day 
pretreatment baseline period to the 
end of the 4-week treatment period 

4 weeks/ 
2 weeks 

186 
139 
47 

Females and 
Males, 18 to 
75 years of 
age 

43 
United 
States 

 Studies to Support Safety 
TEN-01-303 Open-label safety 

extension 
50 mg/BID/Orally Adverse events 39 weeks 

(after TEN-
01-301) 
26 weeks 
(after TEN-
01-302) 

312 
312 
0 

Females and 
Males, 18 to 
75 years of 
age 

122 
United 
States 
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Trial Identity Trial Design 

Regimen/ 
Schedule/ 
Route Study Endpoints 

Treatment 
Duration/ 
Follow Up 

No. of 
patients 
(Total  
Tenapanor 
Placebo) 

Study 
Population 

No. of 
Centers 
and 
Countries 

 Other studies pertinent to the review of efficacy or safety (e.g., clinical pharmacology studies) 
D5610-
C00001 

Randomized 
1:1:1:1, double-
blind, placebo-
controlled  

5 mg/BID/Orally 
15 mg/BID/Orally 
30 mg/BID/Orally 
60 mg/BID/Orally 
Dose titration 

Changes in urine albumin-to-
creatinine ratio from baseline to Week 
12 

12 weeks/ 
2 weeks 

154 
77 
77 

Females and 
Males, 18 to 
75 years of 
age 

43  
United 
States 
 
5 
Germany 

D5611C00001 Randomized 1:1, 
double-blind, 
placebo-
controlled 

4 weeks/ 
2 weeks 

88 
41 
32 

Females and 
Males, 18 to 
75 years of 
age 

14 
United 
States 

D5613C00001 Randomized 
1:1:1:1:1:1, 
double-blind, 
placebo-
controlled 

1 mg/BID/Orally 
3 mg/BID/Orally 
10 mg/BID/Orally 
30 mg/BID/Orally 
3 mg/OD/Orally 
30 mg/OD/Orally 

Change in serum phosphate levels 
from end-of-washout to end-of-
treatment/early termination in end-
stage renal disease patients on 
hemodialysis 

4 weeks/ 
2 weeks 

162 
135 
26 

Females and 
Males, 18 to 
75 years of 
age 

47 
Poland 
Slovakia 
United 
Kingdom 
United 
States 

TEN-02-201 Randomized 1:1 
double-blind, 8-
week, parallel 
group study with 
a 4-week, 
placebo-
controlled, 
randomized 
withdrawal period 

3 mg BID 
10 mg BID 
Dose titration 

Change in serum phosphorus from the 
end of the 8-week treatment period to 
the end of the 4-week randomized 
withdrawal period 

8 weeks/ 
4 weeks 

300 
218 
82 

Females and 
Males, 18 to 
75 years of 
age 

41 
United 
States 

*629 patients were randomized to study 301, and 620 to study 302. Due to GCP violations at site 284, patients from that site were excluded from analyses. For details refer to section 
on “Issues regarding data integrity and submission quality” below (7.3).  
Abbreviations: BID, twice daily; CSBM, complete spontaneous bowel movement; OD, every other day 
Source: Reviewer’s table, electronic common technical document: \\CDSESUB1\evsprod\NDA211801\211801.enx  
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7.2. Review Approach 

Efficacy evaluation focused on the two randomized, double-blind, placebo-controlled 
confirmatory studies (Study TEN-01-301 and Study TEN-01-302), which were independently 
assessed. No pooling of results for efficacy analysis was conducted. 

7.3. Data Integrity  

Compliance with Good Clinical Practice 

The applicant attested that studies were conducted in compliance with Good Clinical Practice.  

Financial Disclosures  

Form 3454 was reviewed and indicated no reportable financial conflicts of interest between the 
applicant and any investigator involved in the conduct of the studies contained in the 
application.  
 

Issues Regarding Data Integrity and Submission Quality 

The submission quality of this application was adequate in organization, ease of finding 
information and completeness of information. The Applicant responded appropriately to 
requests for information. Prior to submission of the application, the Applicant discovered 
serious breaches in GCP at one of the sites, site 284. Identified issues included lack of adequate 
oversight by the Principal Investigator (PI), questionable signatures attributed to this PI, 
inadequate site resources and personnel to carry out the responsibilities of conducting the trial 
procedures. The FDA visited the site and the Applicant conducted an audit. Based on the 
findings of the audit, data from this site were excluded from further analyses, including all 
safety and efficacy analyses.  

The review team identified two additional sites (sites 202 and 180) that had outlier safety 
results. Site 202 had no reported AEs but only enrolled seven patients, four in one arm and 
three in the other. Because of the small numbers of patients, it is possible that AEs did not 
occur. The other site, Site 180, reported very high efficacy (68% for overall responder rate in 
Study 302, 24% higher than placebo) and very low rates of AEs (one patient with an AE of 
common cold in 19 patients). This site was inspected by the Office of Scientific Investigations. 
Refer to Section 4.1 above. The preliminary classification was Voluntary Action Indicated for 
protocol violations (failure to dispense drug at 2 visits for 2 patients, failure to record abnormal 
laboratory findings as adverse events, failure to provide a subject screening log to the ORA 
investigator during the inspection). Deviations identified were considered minor and were not 
anticipated to impact the interpretability of data from the site.  
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8. Review of Relevant Individual Trials Used to Support Efficacy and 
Safety  

8.1. Study Design of Key Studies That Support Approval 

8.1.1. Phase 3 Studies: TEN-01-301 (Study 301) and TEN-01-302 (Study 302) 

Description of Both Studies 

(Note: Descriptions in this section are extracted from the Applicant’s clinical study report. In 
addition, from this point on in this review, we will refer to Study TEN-01-301 as Study 301 and 
Study TEN-01-302 as Study 302.) 

Both studies had similar study objectives, primary and secondary endpoints, primary analysis 
populations, statistical analysis plan and sample size calculations. The differences between the 
two studies were that Study 301 had a 12-week double -blind treatment period with a 4-week 
randomized withdrawal period, whereas Study 302 had a 26-week double-blind treatment 
period. In both studies, the primary endpoint was assessed based on 12 weeks of treatment. 
The follow up duration for Study 301 was 4 weeks, but Study 302 included up to an additional 
14 weeks of follow up. Both studies were conducted in the United States. 

Study Objective 

The primary objective of the studies was to assess the efficacy of tenapanor 50 mg for the 
treatment of IBS-C when administered BID for the duration of each study. 

The secondary objective was to assess the safety and tolerability of tenapanor 50 mg when 
administered BID for the duration of each study. 

Study Design 

Both studies were phase 3, randomized, double-blind, placebo-controlled studies of tenapanor 
in adults (18 to 75 years old) with IBS-C (as defined by the Rome III Criteria for the Diagnosis of 
IBS). Study 301 was conducted in 122 sites and Study 302 in 92 sites in the United States. 

Study 301 consisted of a 2-week screening period, a 12-week treatment period, and a 4-week 
randomized-withdrawal (RW) period. Approximately 2 weeks prior to study randomization, 
prospective subjects were assessed for the eligibility of the study. Those that met the basic 
requirements were asked to provide a written informed consent. Subjects were required to 
discontinue the use of all prohibited medications1 at Visit 1 (Screening/Day -14) for the duration 
of the study. During the screening period, subjects self-reported information about the status 
of their IBS symptoms daily via a touch-tone telephone diary (interactive voice response system 

                                                      
1 Prohibited medications included laxatives and stool softeners (unless stable during screening period and 
continued throughout trial), other treatments for IBS, and various other medications anticipated to have an effect 
on stool frequency or consistency (including narcotics, anticonvulsants, antidepressants, antipsychotics, 
anticholinergics, etc).  
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[IVRS] diary). This included information about their stool frequency, stool consistency, straining, 
abdominal pain, abdominal discomfort, abdominal bloating, abdominal fullness, abdominal 
cramping, and rescue medication2 usage. IBS severity and constipation severity were collected 
weekly through the IVRS diary.  

Randomization occurred twice with a ratio of 1:1 (tenapanor: placebo); at Visit 2 for the 12-
week treatment phase and at Visit 6 for the RW period (Study 301 only). A computer-generated 
randomization schema was centrally available via an interactive web response system (IWRS) to 
all clinical sites that met the requirements for participation in the study. 

During the 12-week double-blind treatment period and the double-blind RW period, subjects 
continued to record daily and weekly assessments via the IVRS diary. Scheduled visits took 
place at Weeks 2, 4, 8, and 12 (Days 15, 29, 57, and 85) during the treatment period and Week 
2 (Day 99) of the RW period for study assessment visits (See Table 85 in the Appendix). Subject 
compliance with study drug was monitored closely by clinical site staff throughout the study. 
Subjects returned to the site at the end of the 4-week RW period (Week 16, Day 113) to obtain 
safety and other end of study information. 

Study 302 consisted of a 2-week screening period, and a 26-week treatment period. The 
procedures from screening (Day -14) to randomization (Visit 2, Day 0) were identical to those 
described for Study 301 above. 

Subjects were randomized with a ratio of 1:1 (tenapanor: placebo) according to a centrally 
available computer-generated randomization schema. During the 26-week double-blind 
treatment period, subjects continued to record daily and weekly assessments via the IVRS diary 
as instructed. Scheduled visits took place at Weeks 2, 4, 8, 12, 16, 20, and 26 (Days 15, 29, 57, 
85, 113, 141, and 183) during the treatment period (See Table 86 in the Appendix). Subject 
compliance with daily diary entries was monitored on an ongoing basis by the clinical site staff. 
Subject compliance with study drug was also monitored closely by clinical site staff throughout 
the study. 

Primary and Secondary Efficacy Endpoints (Studies 301 and 302) 

The primary efficacy endpoint of both studies was the proportion of subjects who were weekly 
overall responders at 6 or more of the first 12 weeks of double-blind treatment (6/12 weeks 
overall responder rate). 

An overall responder was defined as a weekly responder for at least 6/12 weeks where both 
complete spontaneous bowel movement (CSBM) and abdominal pain response criteria were 
met for the week. The CSBM and abdominal pain response criteria are defined below.  

The CSBM response criterion was defined as an increase of one or more in average weekly 
CSBMs from baseline. A CSBM was defined as an SBM for which the subject responded “yes” to 
the following question; “Did you feel like you completely emptied your bowels?” Any SBM 
which was preceded within 24 hours by the use of rescue medication was not counted as an 

                                                      
2 Rescue medication use was limited to Bisacodyl (5mg tablet or 10mg suppository) for protocol specified 
symptoms of severe constipation defined as at least 72 hrs from last BM, or intolerable symptoms.  
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SBM, and therefore, also not counted as a CSBM as defined above. Should a subject not have 
data reported for a given week (either due to a gap in reporting or due to discontinuation), the 
subject was considered to be a nonresponder for the week. The average weekly CSBMs was 
calculated as the sum of the number of CSBMs reported during each day of the defined weekly 
period divided by the number of days CSBMs were reported multiplied by 7. A valid week 
required at least 4 days of SBM reporting.  

The abdominal pain response criterion was defined as a decrease of 30% or more in average 
weekly worst abdominal pain from baseline. Patients were asked to report daily on their “worst 
abdominal pain over the past 24 hours.” Abdominal pain was scored using the scale 0 (no pain) 
to 10 (very severe pain). The average weekly abdominal pain score was calculated as the 
average score for all days during a valid week. A valid week required at least 4 days of 
abdominal pain reporting. Should a subject not have data reported for a given week (either due 
to a gap in reporting or due to discontinuation), the subject was considered to be a 
nonresponder for the week. 

The Applicant pre-specified a total of five multiplicity-controlled secondary endpoints in study 
301 listed below:  

• 6/12 weeks overall CSBM responder.  
• 6/12 weeks overall abdominal pain responder.  
• 9/12 weeks overall responder.  
• 9/12 weeks overall CSBM responder 
• 9/12 weeks overall abdominal pain responder  
 

The Applicant pre-specified a total of eight multiplicity-controlled secondary endpoints in study 
302. These included: 
 

• 6/12 weeks overall CSBM responder.  
• 6/12 weeks overall abdominal pain responder.  
• 9/12 weeks overall responder 
• 9/12 weeks overall CSBM responder  
• 9/12 weeks overall abdominal pain responder 
• 13/26 weeks overall responder rate 
• 13/26 weeks overall CSBM responder rate  
• 13/26 weeks overall abdominal pain responder rate  

The 9/12 week response criterion was defined as meeting the same responder criteria as those 
for the 6/12 week responder for 9 out of the 12 weeks. Additionally, for the 9/12 week 
response criteria, the average weekly CSBMs had to be ≥3.  
In addition, although not included in the multiple testing procedure, the applicant defined an 
endpoint of “durable overall response,” which the review team also evaluated. “Durable overall 
response” was defined as a patient who met criteria for 9/12 week response, where 
additionally, 3 of the last 4 weeks had to be responder weeks. FDA considers this endpoint 
clinically relevant because it assesses the durability of response (albeit limited to 12 weeks) to 
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therapy and ensures tachyphylaxis did not occur. This endpoint demonstrates that the 
improvement seen in the 12 week period was not limited only to the first 6 weeks and then no 
further efficacy thereafter. With this single exception, this review otherwise will focus only on 
the primary and key secondary endpoints. 
 
Clinical Outcome Assessments 
Patient reported outcome measures were utilized in assessing the primary endpoint, derived 
from electronic diary data as outlined above. The questions used to assess abdominal pain and 
stool frequency were considered fit-for-purpose. Additional concepts assessed by the applicant 
included straining, abdominal bloating, discomfort, fullness, cramping, and stool consistency. 
Validity of assessing the concepts of bloating, discomfort, fullness, and cramping were 
questioned by the review team, given potential overlap between these symptoms with 
abdominal pain measured in the primary endpoint.

 
The 

review team requested input from COA staff in interpreting results of the change from baseline 
in straining score, given that straining has been suggested as a clinically relevant concept. The 
anchor based analysis concluded that no meaningful difference in straining was demonstrated 
in patients treated with tenapanor. Refer to full COA consult review by Susan Pretko for 
additional detail.  
  

Statistical Analysis Plan: 

Determination of Sample Size for Both Studies 

The Applicant expected that a sample size of 300 in each treatment group would achieve 95% 
power to detect a difference of 0.15 (15%) between tenapanor 50 mg BID and placebo in 6/12 
week overall responder rates (assuming that tenapanor 50 mg BID response rate was at least 
45% under the alternative hypothesis, and the response rate in the placebo group was no closer 
than 15% from tenapanor 50 mg BID). The test statistic used for sample size estimation was the 
two-sided Fisher's exact test with significance level of 0.05. This sample size also had 80% 
power to detect an 11.6% difference in responder rates between the treatment groups when 
the responder rates were in the same range as above. 

Analysis Populations 

The Intent-to-Treat (ITT) analysis set consisted of all subjects who met the study entry 
inclusion/exclusion criteria, received at least one dose of study drug, and had at least 1 valid 
week of efficacy assessment data (minimum of 4 days). Although the Applicant referred to this 
as the ITT set, this is actually a modified ITT population given that it excludes patients based on 
post-randomization variables that may be affected by treatment assignment (i.e., whether the 
patient had at least one valid week of efficacy assessment data). 

The Per-Protocol (PP) analysis set consisted of all subjects included in the ITT analysis set who 
completed the study as planned with no major protocol deviations.  
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The Applicant used the ITT analysis set for the analysis of the primary and key secondary 
efficacy variables. Subjects were analyzed according to the treatment group into which they 
were randomized.  

Handling of Missing and Imputing the Data  

For the primary analysis, patients with a week with less than 4 diary days were treated as a 
nonresponder for that week. If there were at least 4 nonmissing diary days in a given week, 
weekly SBMs and CSBMs were calculated based on the available diary days so that missing days 
during the week were imputed with the mean for the nonmissing days.  

In addition, upon request by FDA, the applicant conducted a sensitivity analysis with alternate 
handling of missing data. Specifically, instead of imputing a mean score for CSMB on days with 
missing data, days with missing diary data for bowel movements were imputed with “zero,” and 
weeks with <4 of 7 days of data were considered nonresponder weeks. Analyses of the primary 
endpoint utilizing this alternate imputation method were considered as sensitivity analysis.  

Methods of Pooling Sites into Groups  

For the purpose of adjusting for investigator effects in statistical models, the Applicant pooled 
investigator sites into groups based on geographic region and number of subjects enrolled with 
an aim for comparable sample sizes amongst pooled investigator sites. As indicated in the study 
protocol, the goal of the pooling strategy was to avoid less than a minimum number of subjects 
per pooled investigator site. The size of a pooled investigator site was to be generally no larger 
than the total number of subjects enrolled at the highest enrolling individual investigator site. 
The pooled investigator sites were used in all applicable analyses where adjustment for 
investigator effect was desired. 

Based on an average of six subjects per site to be enrolled, the primary pooled investigator site 
strategy targeted 10 pools of approximately 60 subjects each (approximately 30 per treatment 
group per pooled investigator site). As a sensitivity analysis, a second pooling had a target of 20 
pools of approximately 30 subjects each (approximately 15 per treatment group per pooled 
investigator site). The actual designation of membership in a pooled investigator site was not 
made until the final enrollment quantities and final number of sites used was completed. The 
final pooling strategy was defined before treatment unblinding.  

Statistical Methods 

Statistical analyses were performed at the two-sided significance level of 0.05. For analyses of 
all efficacy variables involving responder rates or proportions, the Applicant used a Cochran-
Mantel-Haenszel (CMH) test with pooled investigator site as a stratification adjustment 
variable. Summary statistics included the pairwise risk difference for tenapanor 50 mg BID 
compared with placebo along with the asymptotic 95% confidence interval (CI). The adjusted 
relative risk (adjusted for pooled investigator site) was based on the ratio of responder rates for 
tenapanor 50 mg BID versus placebo. The 95% CI versus placebo was presented for the 
adjusted relative risk. 
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Multiple Testing Procedure 

For both studies (301 and 302), a sequential testing procedure was utilized to control the 
family-wise type 1 error rate associated with the primary efficacy variable and key secondary 
efficacy variables. The primary efficacy variable was tested at the 2-sided 5% level of 
significance. If this test was significant, the first key secondary efficacy variable was tested at 
the 5% level. If this test was significant, then the next key secondary efficacy variable was 
tested at the 5% level. This procedure continued until one of the key secondary variables in the 
list resulted in a p-value of >5%. Key secondary efficacy variables up to that point in the list 
were declared statistically significant. 

8.1.2. Safety Extension: TEN-01-303 (Study 303) 

Study 303 was an open-label, long term extension study that was included to ensure an 
adequate number of patients had long term (52 week) exposure to tenapanor to inform the 
safety of chronic administration. No efficacy evaluation was conducted during this trial. The 
study design is briefly reviewed here, as these patients are analyzed in the integrated safety 
analysis described in the sections that follow. 

The study was an open-label, long-term extension study which enrolled 312 patients. To be 
eligible for inclusion, patients must have either 1) completed all 16 weeks of Study 301, OR 2) 
completed all 26 weeks of Study 302 (as described above in Section 8.1.1). All patients who 
enrolled received 50 mg twice daily of tenapanor, as open-label treatment. The primary 
objective of the study was to assess safety of tenapanor when given chronically for up to 52 
weeks.  

Site visits occurred every 13 weeks (which included measurement of vital signs, review of 
concomitant medications, pregnancy test when indicated, and solicitation of adverse events), 
and telephone follow-up occurred at intervening timepoints (which included review of AEs and 
concomitant medications), such that patients were in contact with the site approximately every 
4 weeks. Physical examination and an additional ECG were conducted at final visit (or early 
termination if applicable). Duration of treatment was 26 weeks for subjects entering from Study 
302 (to provide a total of 52 weeks cumulative exposure) and approximately 39 weeks (±2) for 
patients entering from Study 301. Appropriate safety assessments were collected throughout 
the study (for details refer to Applicant’s clinical study report for study 303).  

 

9. Review of Efficacy 

In this section, efficacy results of each phase 3 study are reported separately. 

Reference ID: 4490899



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

57 
Version date: September 12, 2018  

9.1.1. TEN-01-301 (Study 301) Results 

Patient Disposition  

A total of 1,599 subjects were screened and 629 were randomized into the 12-week treatment 
period. Overall, 96 (15.3%) subjects withdrew prior to completing the 12-week treatment 
period, with the most common reasons for withdrawal being withdrawal of consent (34 [5.4%] 
subjects), AEs (26 [4.1%] subjects), and loss to follow-up (18 [2.9%] subjects). The most 
common AE leading to discontinuation was diarrhea. The proportion of subjects who dropped 
out of the study was higher on tenapanor (18%) than placebo (12%), primarily due to a greater 
proportion who discontinued due to AE (7.5% versus 0.6%). 

 Table 20 shows the disposition of the subjects for Study 301. 
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Table 20. Subject Disposition, 12-Week Treatment Period (All Subjects), Study 301 

 

 
Source: Applicant’s Clinical Study Report; Page58/1530 
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Demographics and Baseline Characteristics 

Table 21 below summarizes demographic and baseline characteristics of patients enrolled in 
Study 301. The study population was generally representative of the IBS-C population, including 
that it enrolled a greater proportion of females (81%) than males, consistent with the 
distribution of IBS. Racial distribution was reasonable, including 31% African Americans, an 
often under-represented group. Mean age was 45 years and the range spanned from 18 to 75 
years of age, with adequate geriatric representation. Demographic and baseline characteristics 
were generally similar between treatment groups. 

 

Reference ID: 4490899

APPEARS THIS WAY ON 
ORIGINAL



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

60 
Version date: September 12, 2018  

Table 21. Summary of Demographic and Baseline Characteristics, 12-Week Treatment Period (ITT 
Analysis Set), Study 301 

 

 
Source: Applicant’s Clinical Study Report for Study 301; Page 63/1530 

 
 

Reference ID: 4490899



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

61 
Version date: September 12, 2018  

Efficacy Results: Primary Endpoint 

A total of 192 (62.1%) subjects in the tenapanor 50 mg BID group and 200 (66.4%) subjects in 
the placebo group were compliant between 80% to 100% of times for study drug 
administration.3 Compliance was generally similar between treatment groups. 

In the 12-week treatment period, for the ITT population, 83 (27.0%) subjects in the tenapanor 
50 mg BID group and 56 (18.7%) subjects in the placebo group were considered to be 6/12 
week overall responders. The difference (95% CI) in 6/12 week overall responder rates for 
tenapanor versus placebo was 8.31% (1.66%, 14.96%), which was statistically significant 
(p=0.020) based on a Cochran-Mantel-Haenszel (CMH) test stratified by pooled investigator 
site.  

The table below shows the primary efficacy results in the ITT population, and supportive 
analysis based on the PP population.  

Table 22. Study 301 Primary Efficacy Endpoint Results, ITT Population and PP Population 
6/12 weeks overall 
responder rate Tenapanor Placebo P-Value 

Difference 
(95% CI) 

ITT (primary analysis) 83/307 
(27.0%) 

56/299 
(18.7%) 

 
0.020 

8.3% 
(1.7%, 15.0%) 

PP  
(exploratory analysis) 

76/225 
(33.8%) 

54/242 
(22.3%) 

0.006 11.5% 
(3.4%, 19.6%) 

Abbreviations: CI, confidence interval; ITT, intent-to-treat; PP, per-protocol 
Source: TEN-01-301 Clinical Study Report Table 11–11 (pg. 79), Table 14.2.1.2 (pg. 469) 

The Applicant’s results were confirmed by the FDA.  

As described above, where data were missing for a given day (within a week that had diary 
entries for at least 4/7 days) the missing days were imputed with the mean of the non-missing 
days per SAP. As an additional sensitivity analysis (“zero imputation method”), FDA requested 
analysis of the primary endpoint and key secondary endpoints, where days with missing data 
were imputed with zero for the CSBM that day. Utilizing this method, 27% of tenapanor treated 
patients were responders, vs 19% on placebo, consistent with the results in the ITT population 
(results in Applicant’s response to IR received 4/23/19, TEN-01-301-Table 14.2.1.1s).  

                                                      
3 Compliance with study drug was calculated as the total number of tablets dispensed, minus the total number of 
tablets returned, divided by 2 times the number of days during the treatment period, multiplied by 100. 
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Secondary Efficacy Analysis  

Multiplicity-controlled secondary efficacy variables included:  

• 6/12 weeks overall CSBM responder;  
• 6/12 weeks overall abdominal pain responder;  
• 9/12 weeks overall responder; 
• 9/12 week overall CSBM responder rate; 
• 9/12 week overall abdominal pain responder rate 
 

“Durable overall response”, although exploratory, was considered clinically relevant to be 
included in the review because it captures a clinically relevant concept (see Section 8.1, 
“Primary and Secondary Endpoints”). 

Table 23 presents the efficacy results for these endpoints using the same statistical analysis 
method as was utilized for the primary endpoint. 

 

Table 23. Study 301 Secondary Endpoints Results, ITT Population 

Secondary Endpoints in Order Tenapanor Placebo P-Value# 
Difference 
(95% CI) 

Overall CSBM response (6/12) 104/307 
(33.9%) 

88/299 
(29.4%) 

 
0.270 

4.4% 
(-3.0%, 11.8%) 

Overall abdominal pain response (6/12) 135/307 
(44.0%) 

99/299 
(33.1%) 

 
0.008 

10.9% 
(3.2%, 18.6%) 

Overall response (9/12) 42/307 
(13.7%) 

10/299 
(3.3%) 

 
<0.001 

10.3% 
(6.0%, 14.7%) 

Overall CSBM response (9/12) 52/307  
(16.9%) 

15/99 
(5.0%) 

 
<0.001 

11.9%  
(7.1%, 16.9%) 

Overall abdominal pain response (9/12) 93/307  
(30.3%) 

58/299 
(19.4%) 

 
0.003 

10.9%  
(4.1%, 17.7%) 

“Durable overall response” 40/307 
(13.0%) 

10/299 
(3.3%) 

 
<0.001 

9.7% 
5.4%, 14.0%) 

Abbreviations: CI, confidence interval; CSBM, complete spontaneous bowel movement; ITT, intent-to-treat 
#Reported p-values are not adjusted for multiplicity 
Source: TEN-01-301 Clinical Study Report Table 11-12 (pg. 81), Table 11-13 (pg.83), Table 11-14 (pg. 85), Table 11-15 (pg.87), 
Table 11-16 (pg. 88) 

As shown in Table 23, the difference in the responder rates for the first secondary endpoint 
(overall CSBM response (6/12) between tenapanor and placebo groups was not statistically 
significant (p=0.27). Therefore, based on the pre-specified testing hierarchy for the secondary 
endpoints, the testing will stop and should not proceed to the analysis of the next endpoint. 
Consequently, the rest of the analyses for the multiplicity-controlled secondary endpoints are 
considered exploratory. These results were confirmed by the statistical reviewer. 

Although exploratory, a descriptive analysis showing that a greater proportion of patients on 
tenapanor than placebo achieved what the applicant referred to as 

 

 

Reference ID: 4490899

(b) (4)



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

63 
Version date: September 12, 2018  

 
  

As described above, sensitivity analyses (to missing data) of these endpoints using a “zero 
imputation” method, as requested by the Agency, showed results comparable to those 
demonstrated by the prespecified primary statistical method (data not shown, refer to 
Applicant’s response to IR dated 4/23/19).  

 

Time to Onset of Clinical Benefit 

The onset of action of tenapanor was observed early in the 12-week treatment period  with 
tenapanor arm demonstrating improvement in average change in both CSBM frequency as well 
as abdominal pain intensity by Week 1. Refer to Figure 2 and Figure 3 below.  

Figure 2. Least Squares Mean and 95% CI for Change from Baseline in Average Weekly CSBMs 
(Study 301)- 12 week treatment period 

 
Source: sponsor’s response to IR received 8/7/19, ITT population from study 301, refer to CSR Table 14.2.3.1a  
Remark: y-axis represents “Average Weekly CSBM” 
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Figure 3. Least Squares Means and 95% CI for Percent Change from Baseline in Average Weekly 
Abdominal Pain (Study 301) 12 week treatment period 

 
Source: sponsor’s response to IR received 8/7/19, ITT population from study 301, refer to CSR Table 14.2.6.1a  
Remark: y-axis represents “Average Weekly Abdominal Pain” 

 

 
 

 

For the randomized withdrawal period, in patients re-randomized to placebo, CSBM frequency 
and abdominal pain severity worsened over the 4-week period on average but remained 
improved compared to baseline (refer to Figure 4 and Figure 5). Patients who continued on 
tenapanor maintained their response to therapy over the additional 4 weeks on average. 
Patients on placebo who were re-randomized to tenapanor had an average increase in CSBM 
frequency and a decrease in abdominal pain. 
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Figure 4. Study 301: Mean Weekly CSBM for Baseline of Randomized Treatment Period (RTP) and 
4-Week Randomized Withdrawal Period (RWP) 

 
Source: sponsor’s response to IR received 8/7/19, ITT population from study 301, refer to CSR Table 14.2.3.1b    
Remark: y axis represents mean average weekly CSBM rate 

 

Figure 5. Study 301, Mean Weekly Abdominal Pain Score for Baseline of Randomized Treatment 
Period (RTP) and 4-Week Randomized Withdrawal Period (RWP) 

 
Source: sponsor’s response to IR received 8/7/19, ITT population from study 301, refer to CSR Table 14.2.6.1b   
Remark: y axis represents mean weekly abdominal pain score    
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Subgroup Analyses 

Table 24 below summarizes overall response rates (primary endpoint) by treatment arm and 
treatment differences with 95% CIs for gender, age category (<65 and ≥65) and race subgroups.  

Table 24. Study 301 Subgroup Analyses by Gender, Age Category and Race for Primary Endpoint* 
Subgroup Tenapanor Placebo Difference (95% CI) 
Gender    

Female 88/244 
(36.1%) 

79/249 
(31.7%) 4.3% (-4.0%, 12.7%) 

Male 16/63 
(25.4%) 

9/50 
(18.0%) 7.4% (-7.7%, 22.5%) 

Age Category    

<65 71/279 
(25.5%) 

52/277 
(18.8%) 6.7% (- 0.2%, 13.6%) 

≥65 12/28 
(42.9%) 

4/22 
(18.2%) 24.7% (0.3%, 49.1%) 

Race    

White 55/201 
(27.4%) 

28/186 
(15.1%) 12.3% (4.3%, 20.3%) 

Black 26/88 
(29.6%) 

24/100 
(24.0%) 5.6% (-7.1%, 18.2%) 

Asian 0/10 
(0%) 

1/4 
(25%) -25% (-67.4%, 17.4%) 

* The primary endpoint was the 6/12 week overall responder rate (CSBM and abdominal pain combined) 
Abbreviations: CI, confidence interval 
Source: FDA analysis 

In all subgroups, except the Asian race subgroup, response rates showed a trend in favor of 
tenapanor, with differences varying from 4.3% in the female subgroup to 24.7% in the elderly 
subgroup (>65 years), although for most of the subgroups, there was no significant difference 
between tenapanor and placebo (95% CI included zero). In the Asian subgroup, the treatment 
difference was in favor of placebo. However, the Asian subgroup had only 14 patients in total 
and only one patient out of 14 patients was a responder (placebo arm). In addition, a 
numerically greater estimated treatment effect was observed in the geriatric subgroup as 
compared to those <65 years. A similar trend was not observed in Study 302, suggesting that 
the Study 301 difference may be due to chance. In both cases (Asian race and age subgroup 
analyses), the numbers of patients in these subgroups are small, precluding definitive 
conclusions. 

 

9.1.2. TEN-01-302 (Study 302) Results 

Patient Disposition  

A total of 1461 subjects were screened. The most common reason for screen failure was failure 
to meet the screening eligibility criteria for active IBS-C symptoms (665 [45.5%] subjects). 

Overall, 620 (42.4%) subjects were randomized (306 [20.9%] subjects into the tenapanor 50 mg 
BID group and 314 [21.5%] subjects into the placebo group). A total of 139 (22.4%) subjects 
withdrew prior to completing the 26-week treatment period, with the most common reasons 
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for withdrawal being withdrawal of consent (47 [7.6%] subjects), loss to follow-up (31 [5.0%] 
subjects), and AE (27 [4.4%] subjects). The majority of AEs leading to discontinuation were 
diarrhea. Other reasons for withdrawal included: two subjects who had moved out of state, one 
subject got pregnant, one subject no longer met inclusion criterion #10 (daily access to a touch-
tone telephone), noncompliance with study diary and multiple missed study visits (two 
subjects), and unspecified (two subjects).  

There was slightly greater overall dropout on tenapanor than placebo (24.2% versus 20.7%), 
largely attributable to greater dropout due to AE on tenapanor than placebo  (7.5% vs. 1.3%).  

Table 25 shows the disposition of the subjects for Study 302. 
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Table 25. Subject Disposition, 12-Week Treatment Period (All Subjects), Study 302 

 

 
Source: Applicant’s Clinical Study Report Pages 53 and 54/1738 
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Demographics and Baseline Characteristics 

Subject demographics and baseline characteristics are presented in Table 26 below. 

Similar to study 301, the demographics of the study were generally reflective of the IBS-C 
population. The study enrolled a broad population of ages and adequate representation of 
African American subjects as well as Hispanic subjects. The demographic and baseline 
characteristics were similar between treatment groups. 
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Table 26. Demographics and Baseline Characteristics, 12-Week Treatment Period (All Subjects), 
Study 302 

 

 
Source: Applicant’s Clinical Study Report Pages 56 and 57/1738 
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Efficacy Results: Primary Endpoint 

A total of 107 (36.5%) subjects in the tenapanor 50 mg BID group and 71 (23.7%) subjects in the 
placebo group were considered to be 6/12 week overall responders in the ITT population. 
Compliance was similar between groups.  

The treatment difference and the 95% CI in 6/12 week overall responder rates for tenapanor 
versus placebo was 12.85% (5.54%, 20.17%), which was statistically significant (p<0.001) based 
on a CMH test stratified by pooled investigator sites (primary analysis). Table 27 summarizes 
the 6/12 week overall responder rates for the both ITT as well as the PP analysis population. 

 

Table 27. Study 302 Primary Efficacy Endpoint Results, ITT and PP 
6/12 Weeks Overall 
Responder Rate Tenapanor Placebo P-Value 

Difference 
(95% CI) 

ITT (primary analysis) 107/293 
(36.5%) 

71/300 
(23.7%) 

<0.001 12.9% 
(5.5%, 20.2%) 

PP (exploratory analysis) 99/228 
(43.4%) 

60/233 
(25.8%) 

<0.001 17.7% 
(9.1%, 26.2%) 

Abbreviations: CI, confidence interval; ITT, intent-to-treat; PP, per-protocol 
Source: TEN-01-302 Clinical Study Report Table 11-6 (pg. 64) and Table 14.2.1.2 (pg. 312). Results were confirmed by FDA. 

 

The findings by the FDA review team confirmed the Applicant’s results.  

Similar to Study 301, FDA requested an additional sensitivity analysis (“zero imputation 
method”), of the primary and key secondary endpoints where days with missing data were 
imputed with zero for the CSBM count for that day. Utilizing this method, 37% of tenapanor 
treated patients were overall responders for 6/12 weeks vs 23% on placebo, consistent with the 
results in the ITT population (results in Applicant’s response to IR received 4/23/19, TEN-01-
302-Table 14.2.1.1s). 

Secondary Efficacy Endpoints  

The efficacy results for the clinically relevant secondary endpoints are shown in Table 28. The 
first eight endpoints listed were controlled for multiplicity, while durable overall response was 
an exploratory endpoint. 
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Table 28.Study 302 Secondary Endpoints Results, ITT Population 
Secondary Endpoints 
in Order Tenapanor Placebo P-Value 

Difference 
(95% CI) 

Overall CSBM response 
(6/12) 

139/293 
(47.4%) 

100/300 
(33.3%) 

<0.001 14.1% 
(6.3%, 21.9%) 

Overall abdominal pain 
response (6/12) 

146/293 
(49.8%) 

115/300 
(38.3%) 

0.005 11.5% 
(3.6%, 19.4%) 

Overall response (9/12) 54/293 
(18.4%) 

16/300 
(5.3%) 

<0.001 13.1% 
(8.0%, 18.2%) 

Overall CSBM  
Response (9/12) 

65/293 
(22.2%) 

18/300 
(6.0%) 

<0.001 16.2% 
 (10.7%, 21.7%) 

Overall Abdominal Pain 
Response (9/12) 

105/293 
(35.8%) 

80/300 
(26.7%) 

0.02 9.2% 
(1.7%, 16.6%) 

Overall  
Response (13/26) 

104/293 
(35.5%) 

73/300 
(24.3%) 

0.003 11.2% 
(3.8%, 18.5%) 

Overall CSBM  
Response (13/26) 

121/293 
(41.3%) 

93/300 
(31.0%) 

0.01 10.3% 
(2.6%, 18.0%) 

Overall Abdominal Pain 
Response (13/26) 

147/293 
(50.2%) 

120/300 
(40.0%) 

0.01 10.2% 
(2.2%, 18.1%) 

*”Durable overall 
response” 

53/293 
(18.1%) 

15/300 
(5.0%) 

<0.001 13.1% 
(8.0%, 18.1%) 

Abbreviations: CI, confidence interval; CSBM, complete spontaneous bowel movement; ITT, intent-to-treat 
Source: TEN-01-302 Clinical Study Report Table 11-7 (pg. 66), Table 11-8 (pg. 67), Table 11-9 (pg. 69) and Table 14.2.1.34 (pg. 
340). Results were confirmed by FDA.  
*”Durable overall response” was exploratory endpoint, not subject to multiplicity control. 

All secondary efficacy endpoints, included in the multiple testing procedure and summarized 
above, demonstrated statistically significant results in Study 302. The additional exploratory 
endpoint of “durable overall response” (exploratory analysis) also showed an effect of 
tenapanor in comparison to placebo.  

 
 

These results were in agreement with that of the FDA review team. 

Using the “zero imputation method” described above, the results of the sensitivity analysis to 
missing data for the secondary endpoints requested by the FDA were consistent with results 
from the primary analysis of these endpoints (data not shown, Applicant’s response to IR dated 
4/23/19). 

 

Time to Onset of Clinical Benefit: 

Similarly to Study 301, within Study 302 a pharmacodynamic (PD) effect on both the frequency 
of CSBMs as well as the abdominal pain scores were noted on average within the first week of 
treatment.  
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Figure 6.Least Squares Mean and 95% CI for Change from Baseline in Average Weekly CSBMs 
(Study 302)- 26 week treatment period 

 
Source: sponsor’s response to IR received 8/7/19, ITT population from study 302, refer to CSR Table 14.2.3.1. 
Remark: y-axis represents “Average Weekly CSBM” 

 

Figure 7. Least Squares Mean and 95% CI for Percent Change from Baseline in Average Weekly 
Abdominal Pain Score (Study 302) 26 Week Treatment Period 

 
Source: sponsor’s response to IR received 8/7/19, ITT population from study 302, refer to CSR Table 14.2.6.1. 
Remark: y-axis represents “Average Weekly Abdominal Pain” 

 

Subgroup Analyses 

Table 36 summarizes overall response rates (primary endpoint) by treatment arm and 
treatment differences with 95% CIs for sex, age category (<65 and ≥65) and race subgroups. 
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Table 29. Study 302 Subgroup Analyses by Gender, Age Category and Race for Primary Endpoint* 
Subgroup Tenapanor Placebo Difference (95% CI) 
Gender    

Female 91/240 
(37.9%) 

62/247 
(25.1%) 12.8% (4.6%, 21.0%) 

Male 16/53 
(30.2%) 

9/53 
(17.0%) 13.2% (-3.8%, 29.2%) 

Age category    

<65 101/271 
(37.3%) 

65/273 
(23.8%) 13.5% (5.8%, 21.1%) 

≥65 6/22 
(27.3%) 

6/27 
(22.2%) 5.1% (- 19.3%, 29.4%) 

Race    

White 69/185 
(37.3%) 

47/192 
(24.5%) 12.8% (3.6%, 22.1%) 

Black 35/92 
(38.0%) 

22/92 
(23.9%) 14.1% (0.9%, 27.3%) 

Asian 1/12 
(8.3%) 

2/9 
(22.2%) -13.9% (-45.2%, 17.5%) 

* The primary endpoint was the 6/12 week overall responder rate (CSBM and abdominal pain combined) 
Abbreviation: CI, confidence interval 
Source: FDA results 

No major differences in efficacy were seen by subgroups analyzed in Study 302.  
Similarly to Study 301, for all subgroups with the exception of the Asian race subgroup, overall 
response rates observed in the tenapanor arm were higher than in the placebo arm, although 
confidence intervals were wide due to the small subgroup sample sizes. The number of patients 
in the Asian subgroup was very small, precluding definitive conclusions. 
 

Conclusion 

Based on the results of the two phase 3 studies, tenapanor demonstrated superiority to 
placebo for the primary efficacy endpoint of proportion of subjects who were weekly overall 
responders at 6 or more of the first 12 weeks of double-blind treatment.  To be an overall 
responder for a given week, patients met both the abdominal pain and CSBM response criteria 
in the same week.   

Efficacy results for the multiplicity-controlled secondary endpoints (overall CSBM response for 6 
out 12 weeks, overall abdominal pain response for 6 out of 12 weeks, and overall response for 
9 out of 12 weeks) further supported primary efficacy findings (statistical significance for all 
secondary endpoints was achieved in Study 302).  
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10. Review of Safety 

10.1. Safety Review Approach 

The safety review of tenapanor focuses primarily on separate analyses of the data from the two 
adequate and well controlled trials (Study 301 and Study 302) in IBS-C patients.  Because of 
limitations to the safety analysis of data from a randomized withdrawal design (Study 301), the 
first 12 weeks and last 4 weeks of this trial were analyzed separately. Data on the safety of 
longer term exposure to tenapanor was obtained by following patients who completed Study 
301 or 302 in an open-label extension (Study 303).  

Pooled Data for IBS-C 

While acknowledging limitations of pooling studies that differ in key elements, we also 
conducted key analyses in pooled datasets with larger numbers of patients and total duration 
of exposure as described below. The rationale was to aid in detection of uncommon adverse 
events. Table 30 below defines three pooled datasets created by the Applicant, based on 
indication and population studied. For further description of individual studies, please see  
Section 7.1 above. Pooled datasets from patients being studied for other indications (ESRD, CKD 
sets) will be discussed later in the review (Section 10.2.12). 
 

Table 30. Safety Review Sets With Dose Ranges 

Core Safety Analysis Set ESRD Safety Analysis Set 
Type 2 DM/CKD Safety 
Analysis Set 

D5612C00001 
(5 mg BID, 20 mg BID, 50 mg 
BID, placebo) 

D5610C00001 
(5 mg BID, 15 mg BID, 30 mg 
BID, 60 mg BID, placebo) 

RDX 5791-201  
(10 mg QD, 30 mg QD, 100 mg 
QD, placebo) 

D5613C00001 
(1 mg BID, 3 mg QD, 3 mg BID, 
10 mg BID, 30 mg QD, 30 mg 
BID, placebo) 

 

TEN-01-301 
(50 mg BID) 

TEN-02-201 
(3 mg BID, 10 mg BID, 15 mg 
BID, 20 mg BID, 30 mg BID) 

 

TEN-01-302 
(50 mg BID) 

  

TEN-01-303 
(50 mg BID) 

  

Abbreviations: BID, twice daily; CKD, chronic kidney disease; DM, diabetes mellitus; ESRD, end-stage renal disease; QD, once 
daily 
Source: Reviewer table, adapted from Applicant’s Tables 2-3, 2-4 and 2-5, Integrated Summary of Safety (ISS), Sept. 28, 2018, pp. 
40–41 

Table 31 below defines the safety analysis populations utilized for our analyses and that of the 
Applicant, with the rationale and limitations of each population. Where a pooled analysis 
dataset encompassing the combined phase 2 and phase 3 data is required for analysis of 
adverse events, our Integrated Safety Analysis Set, referred to hereafter as “Integrated Safety 
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Analysis Set,” is utilized. Similarly, where a pooled dataset is needed to assess laboratory 
parameters, our Laboratory Analysis Set is utilized.  

Table 31. Description of Safety Analysis Populations 

Population 
Tenapanor 
N Included 

Placebo 
N Included 

Study 301 (first 12 weeks) 
All randomized patients who received at least one blinded 
treatment  

309 301 

Study 301 (last 4 weeks) 
All patients who completed Week 12 and were rerandomized 
into the randomized-withdrawal (RW) period and received at 
least one dose of blinded treatment after Week 12 

386 129 

Study 302  
All randomized patients who received at least one dose of 
study drug 

293 300 

Applicant’s “Core Safety Analysis Set”  
Patients enrolled in phase 2 or phase 3 studies, excluding 
site 284  
 
Summarized by group to which patients were initially 
randomized  

1007 
 

(excludes site 284 
n=23) 

738 
 

(excludes site 284 
n=22) 
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Population 
Tenapanor 
N Included 

Placebo 
N Included 

Applicant’s “Core Analysis Set” 
 
-Includes all randomized patients across phase 2 and 3 
studies  
 
-Categorized by whether or not patients ever received a dose 
of tenapanor as follows: 
 
344 patients were counted twice (once in placebo and once 
in tenapanor) because they received placebo in either the 
first 12 weeks of Study 301 or the first 26 weeks of 302, and 
subsequently received at least one dose of tenapanor 
thereafter, either in RW period of 301, or as active treatment 
in extension study 303. 
 
The purpose was to ensure a “safety population” that does 
not miss anyone who received at least one dose of 
tenapanor, regardless of when in study participation it was 
received.  

Because the Integrated Safety Analysis Set contains pooled 
data from trials of different duration and dosing as well as 
data from an open-label uncontrolled extension trial, 
analyses using this set are subject to potential bias and 
should be interpreted with caution. For example, inclusion of 
lower doses than 50 mg BID in the tenapanor arm may result 
in underestimates of the risk of the proposed dose, 
differences in incidence proportions between arms could be 
due to differences in duration of follow-up (rather than drug 
effects), and crude pooling of studies with different treatment 
arms/randomization ratios induce bias (e.g., Simpson’s 
Paradox). In order to mitigate some of the potential bias 
introduced by differing trial duration, some analyses were 
conducted using incidence rates (per 100 person-years), not 
only incidence proportions.  

Another limitation of the Applicant’s Core Analysis Set is that 
the denominator of the treatment arm is increased , but the 
denominator for placebo was not increased comparably 
(patients who initially got tenapanor in Study 301, followed by 
placebo in RW period, did not contribute an additional patient 
to the N of the placebo group). This may potentially result in 
the proportion for a given AE appearing falsely lowered in the 
treatment arm as compared to placebo.  
 
Because of the limitations of the integrated analyses that 
were conducted, analysis of individual controlled trials is 
preferred for reporting incidence of specific AEs. However, 
the use of this set still permits potential detection of rare AEs 
that would require a larger population exposed to detect.  
 
This set does not exclude the GCP violation.  

1374 
 

(derived from 1007 
from above + 23 from 

site 284 + 344 who 
were initially in 

placebo arm)  

760 
 

(derived from 738 
above + 22 from 

site 284)  
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Population 
Tenapanor 
N Included 

Placebo 
N Included 

FDA’s Integrated Safety Analysis Set 
 
Defined similarly to Applicant’s “Core Analysis Set” but 
excluding patients from Site 284.  

1343 
 

(1374 above–31 
records of patients 
who got tenapanor 

from site 284  
(this 31 is comprised 

of records from 23 
individuals who got 

tenapanor in the first 
12 weeks and eight 
individuals who got 

placebo in the first 12 
weeks followed by 

tenapanor in the RW 
period)) 

738 

FDA’s Laboratory Analysis Set 
 
Includes patients who had baseline and at least one 
evaluable postbaseline value for the laboratory test in 
question.  
 
For Study 301 subjects, each subject contributed once to the 
population that they were randomized to, and a second time 
to the population they were rerandomized to at Week 12. For 
example, a patient who received placebo in first 12 weeks, 
and then was re-randomized to active treatment contributes 
once to each denominator (tenapanor and placebo). 
Similarly, a patient who got active treatment for initial 12 
weeks, and then was rerandomized to active treatment in 
RW period contributes twice to the tenapanor denominator. 
This decision was made to avoid one of the limitations of the 
applicant’s “Core Analysis Sets” as described above.  

Variable (by available 
data for given lab test) 

Variable (by 
available data for 

given lab test)  

Abbreviations: AE, adverse event; GCP, good clinical practice; RW, randomized-withdrawal 
Source: reviewer’s table  

 
Pooled Data for Other Indications 
 
As a supplemental safety analysis, data from all phase 2 and phase 3 trials conducted in ESRD 
and a single trial in type 2 diabetes with chronic kidney disease (CKD) were analyzed. These 
results will be discussed in Section 10.2.12, Specific Safety Studies/Clinical Trials in Special 
Populations. These analyses were performed because post-marketing experience with other IBS 
drugs such as tegaserod and alosetron supports the utility of examining an older population 
with comorbidities in the premarketing phase to identify potential safety issues in special 
populations.  

10.1.1. Overall Exposure 

A total of 2085 subjects have received tenapanor in clinical trials: 1343 had IBS-C, 412 had 
ESRD, 77 had type 2 diabetes with CKD, and 253 were healthy volunteers (See Section 7.1). The 
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total exposure in person-years is 466.1 for IBS-C (of which 422 is at the proposed dosage of 
50 mg BID). In the IBS-C program, 312 patients were enrolled in the 52-week, open-label, 
extension trial, of whom 262 completed the trial. A total of 306 patients were enrolled in the 
tenapanor 50 mg BID arm in the 26-week, phase 3, controlled trial. Thus, the IBS-C program 
met the International Conference on Harmonisation E1A4 recommended targets of 
approximately 1500 patients exposed to study drug, with more than 300 exposed for 26 weeks 
and over 100 exposed for 1 year. 

Overall, there appears to be adequate exposure to tenapanor in the IBS-C program for the 
evaluation of common AEs and events with short latency. However, the evaluation of rare or 
infrequent AEs and/or those that may occur after a long duration of tenapanor exposure may 
not be adequately assessed in this program. 

10.1.2. Demographics / Adequacy of the Safety Population 

The demographics of the enrolled population in each of the two phase 3 trials were 
summarized and describe above in section 9.1.1 and 9.1.2 (Table 21, Table 20 and Table 25, 
Table 26) and representation was mostly adequate to describe the safety of tenapanor in a 
broad population. Limited numbers of patients of races other that Caucasian or African 
American / Black is one notable exception.  

Similarly, the Integrated Safety Analysis Data Set appears adequate in terms of total numbers of 
patients, duration of exposure and diversity (Table 32). The preponderance of female patients 
in the trials (83%) reflects the known female preponderance of IBS-C patients. The percentage 
of Asians enrolled in the trials (2%) underrepresents the estimated U.S. Asian population of 
5.6%. Only 7% of patients in the Integrated Safety Analysis safety population were over age 65 
compared to the estimated 16% of the U.S. population aged 65 and over in 2017. Higher 
representation of older and male patients in the ESRD and CKD clinical trials provides additional 
data on potential risks in these populations (See Section 10.2.12 on Specific Safety 
Studies/Clinical Trials in Special Populations). 

                                                      
4 See the guidance for industry The Extent of Population Exposure to Assess Clinical Safety: For Drugs Intended for 
Long-term Treatment of Non-Life-Threatening Conditions (March 1995). 
https://www.fda.gov/RegulatoryInformation/Guidances/default.htm. 
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Table 32. Demographic Characteristics of FDA’s Integrated Safety Analysis Population 
Integrated Safety 
Analysis  
Database Race Age Sex Ethnicity 
IBS-C on 
Tenapanor 
N=1343 

White: 916 (68%) 
Black: 371 (28%) 
Asian: 33 (2%) 
Native American: 3 
(0.22%) 
Other, Unknown or 
Multiple: 20 (1.5%) 

≤65 years: 1251 
(93%) 
>65 years:  
92 (7%) 

Female: 1116 
(83%) 
Male: 227 (17%) 

Hispanic or 
Latino: 377 
(28%) 
Non-Hispanic: 
966 (72%) 

Placebo 
N=738 

White: 479 (65%) 
Black: 226 (31%) 
Asian: 15 (2%) 
Native American: 2 
(0.27%) 
Other, Unknown or 
Multiple: 16 (2.2%) 

≤65 years:  
683 (92%) 
>65 years: 
55 (8%) 

Female: 614 
(83%) 
Male: 124 (17%) 

Hispanic or 
Latino: 193 
(26%) 
545 
(74%) 

Abbreviations: IBS-C, irritable bowel syndrome with constipation 
Source: Reviewer’s table, adapted from Applicant’s Table 2.1, 2.2 and 2.3, ISS, pp. 19-30, submitted September 12, 2018 

10.1.3. Categorization of Adverse Events 

The general, categorization of the AEs was appropriate. 

AEs were categorized by system organ class (SOC) and preferred term (PT) using the Medical 
Dictionary for Regulatory Activities (MedDRA). All collected data (medical history terms, TEAE, 
concomitant medications) were coded in the integrated datasets using the MedDRA dictionary 
version 20.1 and the World Health Organization Drug Dictionary, September 2017 version. Prior 
to creation of the integrated datasets, MedDRA versions 14.0, 16.0, 18.1 were used for 
individual studies. 

The Applicant defined an AE as follows: “any untoward medical occurrence in a subject 
administered a pharmaceutical product, whether or not the occurrence has causal relationship 
with this treatment… This includes any newly occurring event or previous condition that has 
increased in severity or frequency since the administration of the investigational product.” 

Treatment-emergent adverse events were defined as any of the following: 

• Any adverse event that occurs after administration of the first dose of study drug and up 
through the final visit 

• Any event that is considered drug-related regardless of the start date  
• Any event that is present at baseline but worsens in severity or is subsequently 

considered drug-related by the investigator 

Categorization of severity of AEs by the Investigator was as follows: 

• Mild-- does not interfere in a significant manner with the subject’s normal functioning 
level 

• Moderate-- produces some impairment of functioning but is not hazardous to health 
• Severe-- produces significant impairment or incapacitation and is a definite hazard to 

the subject’s health 
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An unexpected adverse experience was defined as any adverse drug experience, the specificity 
or severity of which is not consistent with the current Investigator’s Brochure or available risk 
information described in the general investigational plan or elsewhere in the current 
application. Causality of AEs was assigned by the Investigator as follows: 

• Not related-- most likely produced by other factors such as the subject’s clinical 
condition, intercurrent illness, or concomitant drugs and does not follow a known 
response pattern to the study drug 

• Possibly related-- follows a reasonable temporal sequence from the time of drug 
administration, and/or follows a known response pattern to the study drug but could 
have been produced by other factors 

• Probably related-- follows a reasonable temporal sequence from the time of drug 
administration, and/or follow a known response pattern to the study drug and cannot 
be reasonably explained by other factors. 

Serious AEs (SAEs) were defined consistent with 21 CFR 312.32. 

For Study 301, AEs were queried at each visit through the last visit at Week 16 (the end of the 
randomized withdrawal period). For Study 302, AEs were queried at each visit through the last 
visit at Week 26 (the last dose of study drug). For Study 303, AEs were queried at each visit, and 
at intervening telephone visits. All SAEs were followed until satisfactory resolution or clear 
determination that a subject’s AE was due to a stable or chronic condition or concomitant 
illness.  

To better detect potential safety signals, we recoded the following preferred terms as shown in 
the Table 33 below. 

Table 33. Preferred Terms Used in Safety Signal Analysis 
Preferred Term Included Terms 
Rectal bleeding Rectal hemorrhage, hemorrhoidal hemorrhage, hematochezia, 

hemorrhagic diarrhea, lower gastrointestinal hemorrhage 
Chest pain Chest pain, chest discomfort, noncardiac chest pain, angina pectoris 
Ischemic/thromboembolic 
events 

Myocardial infarction, coronary artery stenosis, coronary artery occlusion, 
ischemic stroke, myocardial ischemia, pulmonary embolism, peripheral 
ischemia, deep vein thrombosis, peripheral artery occlusion, peripheral 
artery ischemia, venous occlusion, subclavian artery occlusion, shunt 
thrombosis, arteriovenous (AV) fistula thrombosis, AV fistula stenosis 

Abdominal surgical 
emergencies 

Emergent surgery due to small intestinal obstruction, cholecystitis, 
appendicitis, endometriosis, ovarian vein thrombosis and diverticulitis 

Acute kidney injury and/or 
dehydration 

Acute kidney injury, blood creatinine increased, azotemia, blood urea 
increased, glomerular filtration rate decreased, dehydration 

Abdominal pain Abdominal pain upper, abdominal pain lower, abdominal pain right-sided, 
abdominal pain left-sided and abdominal discomfort 

Source: Reviewer’s table 

 

Appropriate safety evaluations were performed as a part of the drug development program. 
The safety assessments consisted of: 

• Monitoring of all spontaneous AEs and SAEs with their severity and relationships to 
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study drug and pregnancies 
• Hematology, blood chemistry, urinalysis, pregnancy testing, vital signs, physical 

examinations, ECGs. 

The evaluation of safety was conducted during visits to the clinic and all patients entered daily 
diary entry data. Schedule of events is provided in the Clinical Appendices, Section 16.1. 

10.2. Safety Result 

10.2.1. Overall Rates of Adverse Events  

Overall, rates of TEAEs were higher on tenapanor than placebo, and AEs leading to 
discontinuation occurred with greater frequency on tenapanor than placebo. SAEs occurred 
rarely and in comparable proportion of patients on tenapanor or placebo. Table 34 below 
summarizes rates of AEs across the controlled portions of Study 301 and Study 302.  

Table 34. Rates of Adverse Events in Phase 3 Trials 

Number of 
patients with 

Study 301* 
Tenapanor 

N=309 
n (%) 

Study 301* 
Placebo 

N=301 
n (%) 

Difference in 
Proportions 

(%) 
(95% CI) 

Study 302 
Tenapanor 

N=293 
n (%) 

Study 302 
Placebo 

N=300 
n (%) 

Difference 
in 

Proportions 
(%) 

(95% CI) 
Any TEAE 110 (36)  74 (25)  11 

(4, 18) 
143 (49)  124 (41)  7 

(-0.01, 15) 
Any SAE 4 (1.3)  0 (0) 1, 

(-0.2, 3) 
4 (1.4) 6 (2.0)  -0.6 

(-2, 3) 
Any TEAE 
leading to 
discontinuation 

23 (7.4)  2 (0.7) 7 
(4, 10) 

23 (7.8) 3 (1.0)  7 
(4, 11) 

Any TEAE 
leading to death 

0 (0) 0 (0) 0 
(-1, 1) 

0 (0) 0 (0) 0 
(-1, 1) 

* First 12 weeks of Study 301 only, using ITT population as denominator 
Source: Reviewer’s table, created from ADAE datasets for study 301 and 302.  

10.2.2. Dropouts and/or Discontinuations Due to Adverse Effects 

As seen in Table 34 above, in both the phase 3 trials, more patients on tenapanor discontinued 
the study due to AEs than patients on placebo. In total (both trials combined), AEs resulting in 
discontinuation occurred in 46/602 (7.6%) of patients receiving tenapanor and 5/601 (0.8%) of 
patients receiving placebo. Diarrhea was the most common AE leading to discontinuation. 

There appeared to be a dose-response relationship between tenapanor dose and frequency of 
diarrhea in the FDA’s Integrated Safety Analysis cohort (Table 35). Diarrhea is an expected 
adverse event for this drug based on the mechanism of action.  
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Table 35. Diarrhea AEs Leading to Discontinuation by Treatment Group and Dosage, Integrated 
Safety Analysis Data Set 

AE Diagnosis (SOC and PT) 
Number of AEs/Total Number of 
Patients per Dose 

Percentage of 
Patients  Dosage 

Placebo 4/738 0.54% Placebo 
Tenapanor 2/87 

3/87 
64/675 
69/1343 

2.3% 
3.4% 
9.5% 
5.1% 

5 mg BID 
20 mg BID 
50 mg BID 
All doses 

Abbreviations: AE, adverse event; BID, twice daily; PT, preferred term; SOC, system organ class 
Source: FDA’s table, adapted from Applicant’s Table 24, ISS, , Studies D5612C00001, RDX5791-201, TEN-01-301, TEN-01-302, 
submitted September 12, 2018 

 

10.2.3. Deaths 

No IBS-C patients died during the development program. Two patients died in the ESRD trials, 
see Section 10.2.12 and narratives in Appendix 16.1.1. Although deemed by the investigators to 
be unrelated to the study drug, these deaths involved the occurrence of rare adverse events 
seen in other patients on tenapanor, and are therefore considered potentially relevant to 
patients with IBS-C. 

10.2.4. Serious Adverse Events 

In the controlled portions of Study 301 and Study 302, there were few SAEs reported. In the 
first 12 weeks of Study 301, there were 5/307 (1.6%) SAEs on treatment and 0/299 (0%) on 
placebo. Of the five SAEs on tenapanor, three were psychiatric (alcohol withdrawal, panic 
attack and major depression), one was neurologic (migraine), and one was osteoarthritis. In 
Study 302, there were 4/293 (1.4%) SAEs on treatment and 7/300 (2.3%) on placebo. None of 
the SAEs on tenapanor in Study 302 was neuropsychiatric. Instead, the 4 SAEs in Study 302 
were primarily gastrointestinal (nausea, diarrhea, abdominal pain and chronic obstructive 
pulmonary disease exacerbation). 

Due to low numbers of serious adverse events in the controlled trials, we also assessed SAEs in 
the Integrated Safety Analysis Set Analysis Set (which provides a larger database) to determine 
if any particular SOC was over-represented. Results were generally comparable with findings 
from the controlled trials. Details are described in the Clinical Appendix: 16.1.3. including Table 
60.  

10.2.5. Common Adverse Events  

Diarrhea was the most common TEAE in tenapanor-treated patients for all safety analysis 
subsets. To increase the sensitivity of the detection of TEAEs other than diarrhea and determine 
if other events should be included in the label as common AEs, we analyzed TEAEs that 
occurred in at least 1% of tenapanor-treated patients and for which the risk difference with 
placebo exceeded 1%. The following analyses justify inclusion of the following additional terms 
in the prescribing information as “common adverse events”: abdominal distension, abnormal 
gastrointestinal sounds, flatulence, dizziness. 
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Results for common TEAEs for the two phase 3 trials, Study 301 and Study 302, for IBS-C were 
analyzed separately, as the duration of treatment differed. TEN-01-301 consisted of a 12-week, 
randomized, double-blind, placebo-controlled trial, followed by a 4-week rerandomized, 
withdrawal period. These two periods were also analyzed separately. 

Study 301 (First 12 Weeks) 

In Study 301, the most commonly reported AE was diarrhea, occurring in 45/309 (15%) of 
tenapanor patients and 5/301 (1.7%) of placebo treated patients (Table 36). Two additional 
gastrointestinal TEAEs, abdominal distension and abnormal gastrointestinal sounds, also 
occurred in greater than 1% of tenapanor-treated patients with a risk difference of greater than 
1% versus placebo.  

Table 36. Common Treatment-Emergent Adverse Events With Risk Difference >1% Between 
Tenapanor and Placebo: Study 301, First 12 Weeks 

Diagnosis Tenapanor N=309 Placebo N=301 
Risk Difference (%, 

95% CI) 
Diarrhea 45 (15%) 5 (1.7%) 13 (9,17) 
Abdominal distension 5 (1.6%) 0 (0%) 1.6 (0.6,2.6) 
Gastrointestinal sounds abnormal 4 (1.3%) 1 (0.33%) 1 (0,2) 
Source: Reviewer’s table, derived from Applicant’s ADAE electronic ADAM data set for study TEN-01-301, submitted September 12, 
2018, analyzed with JMP 13.0 software  

Study 301 (Last 4 Weeks/Randomized Withdrawal Period) 

In this safety population (Table 37), diarrhea was still the most common TEAE, reported in 8.3% 
of tenapanor-treated patients compared to 0% of placebo-treated patients. In addition, nausea 
and vomiting occurred at slightly higher rates (1.8%) in tenapanor-treated patients as compared 
to placebo-treated patients (0.8%). The clinical significance of nausea and vomiting (which were 
not present during the 12 week, controlled period, of Study 301, nor in the 26 week controlled 
period of Study 302) is unclear. This finding may be due to chance and the risk difference is 
small, so a decision was made not to include nausea and vomiting in Section 6 of the label as 
common AEs.  

Table 37. Common TEAEs with Risk Difference >1% between Tenapanor and Placebo: Study 301, 
Last 4 Weeks 

Diagnosis 
Tenapanor 

N=386 patients 
Placebo 

N=129 patients 
Risk Difference (%, 

95% CI) 
Diarrhea 32 (8.3%) 0 (0%) 8.3 (5.3,11.3) 
Nausea and/or vomiting 7 (1.8%) 1(0.8%) 1 (-1,3) 
Abbreviation: TEAE, treatment-emergent adverse event 
Source: Reviewer’s table, derived from Applicant’s Adverse Event line listings for Study TEN-01-301t, submitted September 12, 
2018, analyzed with JMP 13.0 software 

Study 302 

In this 26-week, phase 3 trial, rates of TEAEs were similar to those reported for Study 301, the 
12-week, phase 3 trial (Table 38). Cumulative rates of diarrhea were 16% in tenapanor-treated 
patients and 3.7% in placebo-treated patients. Less common gastrointestinal TEAEs included 
abdominal distension (3.4% tenapanor versus 0.33% placebo), flatulence (3.1% tenapanor 
versus 1% placebo) and abnormal gastrointestinal sounds (1% tenapanor versus 0% placebo). 
Dizziness was the only non-gastrointestinal TEAE found in 1.7% of tenapanor-treated patients 
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and 0.67% of placebo-treated patients. It is interesting that abdominal distension occurred in 
more than 3% of patients in Study 302; published reports in the literature note that some 
patients reported an improvement in bloating on this medication (Black et al. 2018). Different 
subsets of patients may exist, some of whom derive improvement in bloating on the medication 
and some of whom experience worsening abdominal distension. 

 

Table 38. Common TEAEs with Risk Difference >1 between Tenapanor and Placebo: Study 302 

Diagnosis 
Tenapanor  

N=293 
Placebo  

N=300 
Risk Difference (%, 

95% CI) 
Diarrhea 47 (16%) 11 (3.7%) 12 (7,17) 
Abdominal distension 10 (3.4%) 1 (0.33%) 3 (1,5) 
Flatulence 9 (3.1%) 3 (1%) 2.1 (0.1,4.1) 
Dizziness 5 (1.7%) 2 (0.67%) 1 (-1,3) 
Gastrointestinal sounds abnormal 3 (1.0%) 0 (0%) 1 (0,2) 
Abbreviation: TEAE, treatment-emergent adverse event 
Source: Reviewer’s table, derived from Applicant’s ADAE electronic ADAM data set, submitted September 12, 2018, analyzed with 
JMP 13.0 software 

 

10.2.6. Adverse Events of “Severe” Intensity 

In the controlled portions of Study 301 and Study 302, small numbers of AEs graded by 
investigators as “severe” in intensity occurred. In the first 12 weeks of Study 301, 13/307 (4.2%) 
severe AEs occurred on tenapanor treatment and 2/299 (0.66%) on placebo. Of the severe AEs 
that occurred on tenapanor in Study 301, 10/13 were gastrointestinal (9 diarrhea). Similarly, in 
Study 302, 12/293 (4.1%) severe AEs occurred on tenapanor treatment and nine (3.0%) on 
placebo. Of the severe AEs on tenapanor in this study, 10/12 were gastrointestinal (7 diarrhea). 
Taken together, severe diarrhea was reported in 2.5% of patients across the controlled portions 
of the two trials.  

Due to low numbers of severe adverse events in the controlled trials, severe AEs were also 
assessed within the Integrated Safety Analysis Set (a larger database). The trends were similar, 
and detailed data are presented within the clinical appendix, Section 16.1.3 (Table 61) below.  

 

10.2.7. Laboratory Findings 

General Approach 

Comparisons between patients on tenapanor and placebo were independently conducted by 
the FDA for the following laboratory values: alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase, total bilirubin (BILI), bicarbonate, chloride, 
hemoglobin, leukocytes, neutrophils, platelet count, potassium, and sodium. Mean laboratory 
values at each visit and mean change from baseline values were compared between treatment 
groups for the Integrated Safety Analysis Set and for the individual phase 3 trials. No significant 
differences between treatment groups for any of the laboratory tests analyzed were detected 
(data not shown). 
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For laboratory values of special interest, liver function tests and potassium, further analyses 
were conducted using shift tables and are presented below. Potassium level was analyzed 
separately due to findings of hyperkalemia in some ESRD and CKD patients treated with 
tenapanor (see Section 10.2.12, Specific Safety Studies/Clinical Trials in Special Populations). 
Bicarbonate was also analyzed due to the potential for dehydration and resultant acidosis in 
patients with diarrhea, but data are not shown here due to absence of significant findings. 

Liver Function Tests 

Evaluation for potential drug-induced liver injury (DILI) was conducted. The data do not suggest 
the drug has a high likelihood for causing significant DILI. Specifically, there were no patients 
who met Hy’s law criteria (rise in ALT or AST >3X the upper limit of normal [ULN] with 
accompanying risk in total bilirubin >2X ULN).  

Within the controlled portions of study 301 and study 302, each analyzed separately, the data 
do not show an increased rate of experiencing ALT elevation associated with use of tenapanor 
over 12 or 26 weeks.  

 

Table 39. Shift in ALT, Controlled Portions of Study 301 and 302 
 Study 301* Study 302 
 Tenapanor  Placebo  Tenapanor Placebo  
Shift from Normal to 
High ALT (>55 U/L) 

7/295 (2.4%) 10/288 (3.5%) 10/276 (3.6%) 13/284 (4.6%) 

Source: reviewer’s analysis of ADLB datasets for Trials 301 and 302, and applicants response to labeling IR received 9/6/19.  
* Limited to first 12 weeks  

 

There were very small numbers of patients with pre-existing baseline elevation of ALT, but 
including them in the analysis above did not change the overall conclusion (data not shown).  

Additional evaluation for a potential DILI signal was conducted to assess whether more ALT or 
AST elevations >2X ULN were present in tenapanor-treated patients compared with placebo, 
and whether a similar trend was seen with greater degrees of AST/ALT elevation (i.e., >5X or 
>10X ULN).  

Shifts in Transaminases From Baseline in the Two Phase 3 Studies 

Separate analysis of Study 301 (including RW period and extension) and Study 302 (including 
extension) showed that a slightly greater incidence proportion and incidence rate of patients on 
treatment than placebo experienced elevation of ALT and AST in Study 302 (Table 40, Table 41, 
Table 43); a similar trend was not seen in Study 301 (Table 40, Table 42). The reason for this is 
unclear, but may be a chance finding. In both Studies 301 and 302, transaminases were 
obtained at baseline and every 4 weeks thereafter through 12 weeks. In Study 302, they were 
also assessed at 16 weeks, 20 weeks and 26 weeks. In Study 303, the extension trial, they were 
assessed at 26 and 39 weeks.  
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Table 40. Abnormal Alanine Aminotransferase Shifts From Baseline, Study 301 (Including 
Randomized Withdrawal Period and Safety Extension) 

Highest Postrandomization Value 

Treatment Arm 
Tenapanor  

(N=317 Patients*) 
203 PY 

Placebo 
(N=306 Patients*) 

87 PY 
Normal ALT at baseline N=308 normal ALT 

baseline values  
N=299 normal ALT 

baseline values 
ALT >2X ULN, ≤3X ULN 0 0 
ALT >3X ULN, ≤5X ULN 0 0 
ALT >5X ULN, ≤10X ULN 0 0 
ALT >10X ULN, ≤15X ULN 0 0 

Abnormal ALT at baseline^ N=9 abnormal baseline 
ALT values  

N=7 abnormal baseline 
ALT values 

ALT >2X ULN, ≤3X ULN 2 (22%) 0 
ALT >3X ULN, ≤5X ULN 0 0 
ALT >5X ULN, ≤10X ULN 0 0 
ALT >10X ULN, ≤15X ULN 0 0 

Total ALT elevation 2 (0.63%) 
0.99/100 PY 

0 
0/100 PY 

* Total number of patients for whom evaluable data was available 
^ includes only patients whose postbaseline value was higher than baseline abnormal. 
Abbreviations: ALT, alanine aminotransferase; ULN, upper limit of normal 
Source: FDA’s table, derived from Applicant’s LB STDM data set and ADSL data set, submitted September 12, 2018, analyzed with 
JMP 13.0 software 

Table 41. Abnormal Alanine Aminotransferase Shifts From Baseline, Study 302 (Including Safety 
Extension) 

Highest Postrandomization Value 

Treatment Arm 
Tenapanor  

(N=311 Patients*) 
187 PY 

Placebo 
(N=312 Patients*) 

132 PY 
Normal ALT at baseline N=304 normal ALT 

baseline values  
N=305 normal ALT 

baseline values 
ALT >2X ULN, ≤3X ULN 1 (0.33%) 0 
ALT >3X ULN, ≤5X ULN 2 (0.67%) 0 
ALT >5X ULN, ≤10X ULN 0 0 
ALT >10X ULN, ≤15X ULN 0 0 

Abnormal ALT at Baseline^ N=7 abnormal baseline 
ALT values  

N=7 abnormal baseline 
ALT values 

ALT >2X ULN, ≤3X ULN 2 (29%) 1 (14%) 
ALT >3X ULN, ≤5X ULN 0 0 
ALT >5X ULN, ≤10X ULN 0 0 
ALT >10X ULN, ≤15X ULN 0 0 

Total ALT elevation 5 (1.6%) 
2.7/100 PY 

1 (0.32%) 
0.76/100 PY 

* Total number of patients for whom evaluable data was available 
^ includes only patients whose postbaseline value was higher than baseline abnormal. 
Abbreviations: ALT, alanine aminotransferase; ULN, upper limit of normal 
Source: FDA’s table, derived from Applicant’s LB STDM data set and ADSL data set, submitted September 12, 2018, analyzed with 
JMP 13.0 software 
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Table 42. Abnormal Aspartate Aminotransferase Shifts From Baseline, Study 301 (Including 
Randomized Withdrawal Period and Safety Extension) 

Highest Postrandomization Value 

Treatment Arm 
Tenapanor  

(N=317)* 
203 PY 

Placebo 
(N=306*) 

87 PY 
Normal AST at baseline N=301 N=289 

AST >2X ULN, ≤3X ULN 1 (0.33%) 1 (0.35%) 
AST >3X ULN, ≤5X ULN 1 (0.33%) 0 
AST >5X ULN, ≤10X ULN 1 (0.33%) 2 (0.70%) 
AST >10X ULN, ≤15X ULN 0 0 

Abnormal AST at baseline^ N=16 N=17 
AST >2X ULN, ≤3X ULN 3 (19%) 2 (12%) 
AST >3X ULN, ≤5X ULN 1 (6.2%) 0 
AST >5X ULN, ≤10X ULN  0 
AST >10X ULN, ≤15X ULN 0 0 

Total AST elevation 7 (2.2%) 
3.4/100 PY 

5 (1.6%) 
5.7/100 PY 

* Total number of patients for whom evaluable data was available. 
^ includes only patients whose postbaseline value was higher than baseline abnormal. 
Abbreviations: AST, aspartate aminotransferase; ULN, upper limit of normal 
Source: FDA’s table, derived from Applicant’s LB STDM data set and ADSL data set, submitted September 12, 2018, analyzed with 
JMP 13.0 software 

Table 43. Abnormal Aspartate Aminotransferase Shifts From Baseline, Study 302 (Including Safety 
Extension) 

Highest Postrandomization Value 

Treatment Arm 
Tenapanor  

(N=304*) 
187 PY 

Placebo 
(N=312*) 

132 PY 
Normal AST at baseline N=288 N=300 

AST >2X ULN, ≤3X ULN 2 (0.69%) 2 0.67%) 
AST >3X ULN, ≤5X ULN 2 (0.69%) 0 
AST >5X ULN, ≤10X ULN 0  
AST >10X ULN, ≤15X ULN 0 0 

Abnormal AST at baseline^ N=16 N=12 
AST >2X ULN, ≤3X ULN 5 (31%) 2 (17%) 
AST >3X ULN, ≤5X ULN  0 
AST >5X ULN, ≤10X ULN 1 (6.2%) 0 
AST >10X ULN, ≤15X ULN 0 0 

Total AST elevation 10 (3.3%) 
5.3/100 PY 

4 (1.3%) 
3.0/100 PY 

* Total number of patients for whom evaluable data was available 
^ includes only patients whose postbaseline value was higher than baseline abnormal. 
Abbreviations: AST, aspartate aminotransferase; ULN, upper limit of normal 
Source: FDA’s table, derived from Applicant’s LB STDM data set and ADSL data set, submitted September 12, 2018, analyzed with 
JMP 13.0 software 

No clear temporal pattern was noted in the onset of transaminase elevations in either of the 
two controlled phase 3 trials. The time to onset ranged from 1 to 378 days after initiation of the 
study drug with a median time to onset of 85 days. Details of cases in which the ALT or AST was 
more than 2X ULN are provided in the subsection, Individual Case Listing of Patients with 
Elevated Transaminases in the Integrated Safety Analysis Set, below. In most cases the 
elevations of transaminases were either likely related to concomitant medications or 
intercurrent events, or resolved or were improving while on treatment without intervention or 
study drug discontinuation, thereby not suggesting a strong signal of drug induced liver injury. 
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There were rare cases where either there was no other likely explanation for the rise in liver 
enzyme(s) or where additional evaluation or longer term follow-up was not provided, and 
therefore a causal relationship to tenapanor could not be excluded. There were no cases of 
serious liver injury reported. The label will reflect the potential for tenapanor to cause 
elevations of AST and ALT.  

Liver Function Tests in the Integrated Safety Analysis Set 

Similar to the findings when the phase 3 trials were analyzed separately, within the Integrated 
Safety Analysis Set there was limited evidence of drug-induced liver injury. The details of this 
analysis and supporting tables are shown in the Clinical Appendix, Section 16.1.3 (Table 62, 
Table 63, Table 64). An almost 5-fold increase occurred in the percentage of patients with 
postbaseline ALT elevations in tenapanor- versus placebo-treated patients (Table 62) but the 
numbers were very small (0.52 versus 0.11%, 1.8/100 PY vs 0.4/100 PY). Of note, most of these 
shifts were less than 3 times the upper limit of normal and occurred in patients who had 
abnormal ALT at baseline. No significant shifts in alkaline phosphatase occurred in either group 
(data not shown).  

 

Narratives of Patients with Elevated Transaminases from the Integrated Safety Analysis Set 

Nine patients (eight on tenapanor, one placebo) in the Integrated Safety Analysis Set had an 
elevated AST or ALT >2X ULN. Additional information on these patients and their evaluation and 
outcomes were requested in an Information Request on February 25, 2019. A summary of this 
information appears below in Table 44. Of the patients with laboratory values that suggest DILI, 
the we identified only one case for which DILI could not be excluded according to the guidance 
for industry Drug-Induced Liver Injury: Premarketing Clinical Evaluation (July 2009). That patient 
had a favorable outcome, which is reassuring.  

The one case in question was patient TEN-01-302-  (row with * in table below), who had 
normal baseline LFTs, and postbaseline elevations that peaked at 2.6 and 3.1X ULN for ALT and 
AST, respectively. This patient was a 52-year-old white male with a BMI greater than 30 and 
multiple co-morbidities (diabetes, asthma, hypertension, hyperlipidemia on statins). He 
withdrew from the study at Day 78 due to serious adverse event of abdominal pain (which 
could potentially have been related to hepatitis, as cause of the pain was not identified in the 
documentation available). His bilirubin remained normal throughout. After discontinuation of 
therapy, his liver enzymes normalized, and the event was reported as “resolved.” Given the 
timing and resolution upon discontinuation, we could not exclude the contribution of 
tenapanor to this AE.  

An additional four cases of elevated AST or ALT >2X ULN (TEN-01-301- , TEN-01-302-
, TEN-01-302- , TEN-01-302-  in Table 44) were deemed possibly related 

to study drug because one or more laboratory abnormalities were temporally related to study 
drug, did not resolve on study drug and could not be explained by the introduction of a new co-
medication. Because no follow-up occurred, it is not possible to determine the relationship with 
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certainty. Reassuringly, none of these patients had evidence of significant impairment of 
hepatic function, nor serious events reported in association with these laboratory findings.  

Of the nine cases of ALT elevation, eight of nine patients had elevated BMI and eight of nine 
patients had exposure to concomitant medications that are reported to cause DILI in the 
literature. All nine cases occurred at doses of 50 mg BID, the proposed marketing dose and the 
highest dose tested in the combined trials. No clear trend was noted in the temporal 
occurrence of the transaminase elevations.  
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Table 44. Cases of ALT Shifts by Demographics, BMI, Visit, Concomitant Medications and Outcome, Integrated Safety Analysis Data Set 

Patient and 
Study Number 

Demo-
graphics Arm 

Shift 
ALT 
(X ULN) 

Shift 
AST 
(X ULN) 

Max Post-
baseline 
TBili  
(X ULN) BMI 

Visit (V) and 
Day (D) Concomitant Meds 

Outcome 
and  
Assessment 
of DILI 
Likelihood 

TEN-01-301-
 

35HF T 1.5 to 
2.8 

1.4 to 
3.9 

0.6 >30 ET/V4 
D378 

Ibuprofen; MVI; Esomeprazole Unknown 
outcome 
Possible 

TEN-01-302-
 

35HF T 0.5 to 
3.1 

0.7 to 
3.3 

0.5 >30 V9 
D183 

None Unknown 
outcome 
Possible 

TEN-01-302-
 

55WF T 0.7 to 
4.8 

1.2 to 
7.4 

0.3 >30 V4 
D29 

Clonazepam; fluoxetine; quetiapine; 
vitamin D; salbutamol; loratadine; 
baclofen; ketaconazole shampoo (D 
116); paracetamol; meloxicam; estradiol; 
sennoside; Vicodin; omeprazole; 
atorvastatin; ondansetron; phentermine; 
Axotal; paracetamol; cefazolin; docusate 
sodium; enoxaparin; famotidine; 
fluticasone nasal spray; gabapentin; 
naproxen; oxycodone; quetiapine 

Resolved on 
treatment 
Unlikely 

TEN-01-302-
 

52WM T 0.6 to 
2.6 

0.7 to 
3.1 

0.6 >30 ET 
D76 
(withdrew at 
D78 due to 
abdominal 
pain. 
hospitalized) 

Doxepin; aspirin; clonazepam; 
ziprasidone; allopurinol; amlodipine; 
Byetta; doxazosin; Invokana; isosorbide 
mononitrate; lisinopril; metformin; 
metoprolol; Symbicort; zifirlukast; 
carvedilol; clonidine; nifedipine; 
spironolactone; atorvastatin; baclofen; 
Colcrys; lactulose; omeprazole; insulin 
glargine; salbutamol; tramadol; 
dulaglutide; azilsartan; Twinrix 

Recovered, 
resolved.  
Possible 

TEN-01-301-
 

41WM T 1.1 to 
2.2 

2.2 to 
3.0 

0.5 >30 V6 
D1 

Clonazepam; Vit B; 
acetaminophen/aspirin; venlafaxine; 
fiber; sertraline 

Not resolved, 
still elevated at 
V8 but 
improving on 
study drug 
Unlikely 
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Patient and 
Study Number 

Demo-
graphics Arm 

Shift 
ALT 
(X ULN) 

Shift 
AST 
(X ULN) 

Max Post-
baseline 
TBili  
(X ULN) BMI 

Visit (V) and 
Day (D) Concomitant Meds 

Outcome 
and  
Assessment 
of DILI 
Likelihood 

TEN-01-302-
 

36HM T 1.7 to 
2.8 

1.3 to 
2.6 

0.7 >30 V6 
D93 

PEG 3350; Theraflu; diphenhydramine 
with paracetamol; phenylephrine 

Back to 
baseline at 
V9/ET 
Unlikely 

TEN-01-302-
 

51HF T 1.3 to 
2.5 

1.0 to 
1.5 

0.3 >30 V6 
D91 

Mometasone furoate; folic acid; 
etanercept; methotrexate; sulfasalazine; 
gabapentin; tizanidine; macrogol 3350; 
omeprazole 

Improving at 
last visit 
Possible 

TEN-01-302-
 

46WM T 1.5 to 
2.9 

1.6 to 
2.6 

0.8 <30 V6 
D85 

Carvedilol Improving ,not 
resolved 
Possible 

TEN-01-302-
 

51 WF P 1.5 to 
2.1 

1.6 to 
2.0 

1.5 
(baseline) 
1.4 (post-
treatment) 

<30 V4 
D31 

Relpax; Miralax; Crestor; indomethacin Not resolved 
but not worse 
at ET 
Unlikely 

* The only case that represents l kely DILI 
Abbreviations: W, white; H, Hispanic; F, female; M, male; T, tenapanor; P, placebo; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DILI, 
drug-induced liver injury; MVI, multivitamin infusion; ULN, upper limit of normal; ET, end of treatment; PEG, polyethylene glycol 
Source: Reviewer’s table, derived from Applicant’s Lb STDM data set and ADSL data set, submitted September 12, 2018, analyzed with JMP 13.0 software 
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In summary, within the controlled clinical trials, no difference was noted in proportion of 
patients who had elevation of ALT on treatment compared to placebo. The additional analyses 
of the Integrated Safety Analysis Set identified a small number of patients who experienced a 
rise in one or more liver enzymes, but given limitations of the integrated analysis, this was not 
considered a clear signal of drug induced liver injury. The rises were generally small, not 
associated with serious adverse events or poor outcomes, and none met Hy’s law criteria. Thus, 
these data support inclusion of the terms “increase in AST and ALT” within the product label as 
a less common AE.  

Potassium 

Hyperkalemia was examined in the IBS-C population because of increased rates of 
hyperkalemia AEs noted in the ESRD and CKD Safety Sets. Hyperkalemia also occurred in some 
knock-out animals fed a low-sodium diet. This finding is likely due to an intracellular mechanism 
to compensate for excess export of sodium. Therefore, shift tables were created for 
hyperkalemia by Common Terminology Criteria for Adverse Events (CTCAE) Grade comparing 
tenapanor to placebo patients in the two phase 3 trials (Table 45 and Table 46) and the 
Integrated Safety Analysis Set (Table 65, Clinical Appendices, Section 16.1.3).  

Phase 3 Trials 

Shifts in potassium were analyzed for each of the phase 3 trials separately. Only patients with 
post-randomization values higher than those obtained at baseline were included in the analysis. 
The randomized withdrawal period of Study 301 was excluded from the analysis to prevent 
confounding issues due to study design. As seen in Table 45 and Table 46, a slight increase in 
cumulative incidence of hyperkalemia was found in tenapanor-treated patients in Study 301 
(7.8% versus 5.0%, 37 vs 22/100 PY), but a decrease in the rate of hyperkalemia was found in 
Study 302 (7.2% versus 11.3%, 17/100 vs 26/100 PY). In both studies, a slight increase in the 
rate of hyperkalemia was noted when a higher threshold (>5.5 vs 5.0) was utilized. The reasons 
for these divergent results are unclear, but given that the findings were not confirmed in both 
studies, the majority of reported cases were minimally elevated (in the >5.0 and ≤5.5 range) 
and lack of imbalance in AEs reported related to hyperkalemia, a clear signal of hyperkalemia in 
IBS-C patients was not identified. The signal was also separately evaluated in patients with renal 
impairment (refer to section 10.2.11 below) and no increased propensity to hyperkalemia was 
identified in IBS-C patients with renal impairment.  
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Table 45. Abnormal Total Potassium Shifts From Baseline, Study 301, First 12 Weeks 

Degree of Shift and Baseline Level 

Treatment Arm 

CTCAE Grade 

Tenapanor  
(N=309) 

64 PY 

Placebo 
(N=301) 

67 PY 
Highest postrandomization value (normal at beginning of study) 

K >7 (~1.4 ULN) 0 (0%) 1 (0.33%) 4 
K >6 (~1.2 ULN), ≤7 2 (0.65%) 1 (0.33%) 3 
K >5.5 (~1.1 ULN), ≤6 4 (1.3%) 0 (0%) 2 
K>5.0, ≤5.5 15 (4.5%) 8 (3.0%) 1 

Highest postrandomization value (high at beginning of study) 
K >7 0 (%) 0 4 
K >6, ≤7 1 (0.32%) 0 (0%) 3 
K >5.5, ≤6 1 (0.32%) 0 (0%) 2 
K >5.0, ≤5.5 1 (0.32%) 5 (1.7%) 1 

Total K elevation (>5.5), all patients 8 (2.7%) 
12.5/100 PY 

2 (0.66%) 
3.0/100 PY 

All 

Total K elevation (>5), all patients 24 (7.8%) 
37/100 PY 

15 (5.0%) 
22/100 PY 

All 

Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; K, potassium; ULN, upper limit of normal 
Source: Reviewer’s table, derived from Applicant’s LB STDM data set, submitted September 12, 2018, analyzed with JMP 13.0 
software 

 

Table 46. Abnormal Total Potassium Shifts From Baseline, Study 302 

Degree of Shift and Baseline Level 

Treatment Arm 

CTCAE Grade 

Tenapanor  
(N=293) 
123 PY 

Placebo 
(N=300) 
132 PY 

Highest postrandomization value (normal at beginning of study) 
K >7 (~1.4 ULN) 1 (0.34%) 0 (0%) 4 
K >6 (~1.2 ULN), ≤7 1 (0.34%) 1 (0.33%) 3 
K >5.5 (~1.1 ULN), ≤6 4 (1.4%) 5 (1.7%) 2 
K>5.0, ≤5.5 13 (5.8%) 27 (10%) 1 

Highest postrandomization value (high at beginning of study) 
K >7 0 (0%) 0 (0%) 4 
K >6, ≤7 0 (0%) 0 (0%) 3 
K >5.5, ≤6 0 (0.34%) 0 (0%) 2 
K >5.0, ≤5.5 2 (3.1%) 1 (0%) 1 

Total K elevation (>5.5) 6 (2.4%) 
4.9/100 PY 

6 (2.0%) 
4.5/100 PY 

All 

Total K elevation (>5) 21 (7.2%) 
17/100 PY 

34 (11.3%) 
26/100 PY 

All 

Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; K, potassium; ULN, upper limit of normal 
Source: Reviewer’s table, derived from Applicant’s LB STDM data set, submitted September 12, 2018, analyzed with JMP 13.0 
software 

 

An Information Request was sent to the Applicant on March 28, 2019 requesting confirmation 
of our findings regarding hyperkalemia. The Applicant replied on April 12, 2019. Although the 
Applicant’s findings were similar to those listed here, the magnitude of difference in 
hyperkalemia rates between tenapanor- and placebo-treated patients for Study 301, first 12 
Weeks (see Table 45) was smaller according to the Applicant’s analyses. The Applicant counted 
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laboratory tests obtained at the first study visit for patients rerandomized in the withdrawal 
phase as belonging to patients in the first 12 weeks of the study. We elected not to combine 
data from rerandomized patients with data from the first 12 weeks. Some of these patients, 
who received placebo in the first 12 weeks, had received at least one dose of study drug before 
their laboratory assessment at the first randomized withdrawal visit.  

In the Applicant’s response to the March 28, 2019 Information Request, the Applicant opined 
that the differences (in opposite directions) between tenapanor and placebo patients seen in 
the individual phase 3 studies could be due to chance, or an artifact secondary to difficult blood 
draws. 

Similar findings were noted in the integrated safety analysis set, details of which appear in 
Clinical Appendix 16.1.3. 

Other populations: 

Of note, the signal of hyperkalemia was more pronounced in a population of CKD patients (see 
section 10.2.12) and rare findings of serious hyperkalemia that occurred in this population are 
noted in the label.  

 

10.2.8. Adverse Events of Special Interest  

The Applicant identified three adverse events of special interest in their Integrated Summary of 
Safety based on the known mechanism of action of the drug: diarrhea, dehydration and 
hyponatremia. As reviewed above, diarrhea was a common and significant AE across all studies. 
No signal of hyponatremia was identified. Regarding dehydration, reported AEs of dehydration 
were uncommon, occurring in 2 patients on tenapanor and 0 patients on placebo across the 2 
confirmatory trials. Laboratory shift analyses for creatinine and BUN showed small increases 
from baseline associated with tenapanor.5 However, the difference between the 2 arms was 
small, and, in isolation, without AEs reported, does not appear to represent a strong signal of 
dehydration associated with treatment.  

The review team identified two additional areas of interest in the IBS-C safety dataset, based on 
the known mechanism of action of the drug, postmarketing data obtained from drugs with 
similar mechanisms of action (linaclotide), and results from ESRD and CKD datasets. These are: 
colitis, including inflammatory bowel disease, and hyperkalemia. Hyperkalemia has been 
discussed under Laboratory Findings in Section 10.2.7. Colitis will be discussed below. In 
addition, brief mention will be made of cardiovascular AEs due to finding of possible increased 
thrombosis in the ESRD data set (See Section 10.2.12).  

                                                      
5 Study 301: 18/309 (5.8%) of tenapanor patients vs 11/301 (3.7%) of placebo had post-treatment creatinine > ULN 

23/309 (7.4%) of tenapanor patients vs 22/301 (7.3%) of placebo patients had BUN > ULN 
Study 302: 39/293 (13.3%) of tenapanor patients vs 34/300 (11.3%) of placebo patients had post-treatment 
creatinne > ULN  

54/293 (18.4%) of tenapanor patients vs 49/300 (16.3%) of placebo patients had post-treatment BUN > 
ULN 
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Colitis 

Drug-induced colitis, including inflammatory bowel disease, is a concern for patients on 
tenapanor based on: 

• Reports showing the development of spontaneous colitis in mice with targeted 
disruption of the NHE3 gene 

• Depletion of goblet cells and mucosal inflammation and bleeding on histologic 
examination of colonic tissue from rodents in the context of diarrhea in the preclinical 
program 

• Development of chronic diarrhea and spontaneous, mild, inflammatory bowel disease 
in patients with inactivating mutations in the NHE3 gene 

Two reports in the peer-reviewed literature express concern about the potential of small 
molecule inhibitors of NHE3 to trigger colitis or inflammatory bowel disease (Gurney et al. 
2017; Rieg and Dominguez Rieg 2017). 

Review of TEAEs in the Integrated Safety Analysis Set and in the two individual phase 3 trials 
revealed increased rates of rectal bleeding in tenapanor-treated patients compared to placebo 
(although absolute numbers are small). While there are other causes of rectal bleeding (for 
example, hemorrhoids and polyps), rectal bleeding/hematochezia is an AE that could be used to 
screen for colitis. Because the protocol did not require or recommend colonoscopy to evaluate 
new onset cases of rectal bleeding, it is not possible to definitely exclude or identify potential 
cases of colitis, including inflammatory bowel disease.  

Rectal bleeding occurred more frequently in tenapanor-treated patients than placebo-treated 
patients. There were seven cases (7/1343, 0.52%, 1.5 per 100 person-years) of new-onset of 
rectal bleeding in patients on tenapanor compared to one case of new-onset of rectal bleeding 
in patients on placebo (1/738, 0.13%, 0.004 per person-year; Table 47 below). In Study 301, 
4/309 (1.3%) patients on tenapanor and 0/301 (0%) patients on placebo had rectal bleeding. In 
Study 302, 3/293 (1.0%) patients on tenapanor and 1/300 (0.33%) on placebo had rectal 
bleeding.  

None of the patients with rectal bleeding had significant changes in laboratory parameters or 
vital signs except the placebo patient who developed acute anemia during a rectal hemorrhage. 
In all patients, the rectal bleeding reportedly resolved by the end of the study.  

Only two of the patients with rectal bleeding underwent colonoscopy; one was a 61-year-old, 
female, placebo patient (TEN-01-302, ) with rectal hemorrhage who was found to have 
a polyp, which was removed. The second case, a 58-year-old woman who had microscopic 
heme-positive stool, was a tenapanor-treated patient (TEN-01-302, ). On colonoscopy, 
this patient was found to have a small polyp and internal hemorrhoids but no evidence of 
colitis.  

 We identified at least three cases whose narratives were consistent with possible colitis, for 
whom sufficient information to ascribe the rectal bleeding to another cause was not collected 
or was not available.  
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1) TEN-01-301, , was a 45-year-old woman with a previous history of ischemic colitis, 
who had hemorrhagic diarrhea but did not undergo colonoscopy or imaging. Therefore, it is 
unknown whether her symptoms constituted a recurrence of ischemic colitis. At the end of the 
study, the rectal bleeding had resolved but the patient’s diarrhea persisted requiring follow-up 
with a gastroenterologist. The details of this follow-up are not available. Given the short onset 
to PD effect and short half-life, the fact that the diarrhea did not quickly resolve upon drug 
discontinuation was concerning for possible low grade colitis.  

2) TEN-01-301,  was a 42-year-old woman with two episodes of rectal bleeding on 
tenapanor, who ultimately withdrew from the study due to complaints of proctalgia and 
diarrhea. Follow-up information is not available.  

3) TEN-01-301,  was a 56-year-old woman on tenapanor who experienced rectal 
bleeding. The rectal bleeding was reported to have resolved at the end of the randomized 
treatment period. However, 18 days after enrolling in the extension study, Study303, the 
patient developed hemorrhagic diarrhea on tenapanor. There is no narrative available for this 
patient and, therefore, other causes of hemorrhagic diarrhea cannot be excluded, and drug-
induced colitis remains a possibility.  

The following table (Table 47) provides a summary of the 7 cases of rectal bleeding that 
occurred on tenapanor.  
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Table 47. Rectal Bleeding AEs in Tenapanor-treated Patients by Study, Subject ID, Demographics, 
Treatment Days, Outcome and Other AEs 

Study, Subject ID Demographics Study Days of AE Other AEs (Days) Outcome 
TEN-01-301 

 
42BF 64-71 Diarrhea (1, 85-89); 

Proctalgia (85-89) 
Resolved. No colonoscopy 

TEN-01-301 
 

62WF 56-83 Diarrhea (88-ET) Bleeding resolved. Diarrhea 
not resolved (saw GI); history 
of ischemic colitis and C. 
difficile in past. No 
colonoscopy. 

TEN-01-301 
 

22BF 31-33 Diarrhea (31-48) Resolved. No colonoscopy. 

TEN-01-301 
 

56WF 21(RW) Bloody diarrhea (18-
21/TEN-01-303) 

No narrative available. 
“Resolved” but recurred in 
extension study. No 
colonoscopy. 

TEN-01-302 
 

45WF 17-18  Resolved. Had negative CT. 
No colonoscopy 

TEN-01-302 
 

58BF 17-ET  Heme-positive stool. No overt 
blood. Colonoscopy: Polyps, 
internal hemorrhoids  

TEN-01-302 
 

28WF 2-6 ADHD (7-44) Resolved. 

Abbreviations: AE, adverse event; CT, computed tomography; ET, end of treatment; RW, randomized-withdrawal; W, white; B, 
black; F, female 
Source: Reviewer’s table, derived from Applicant’s AE data listings for studies, D5612C0001, RDX5791-201, TEN-01-301, TEN-01-
302, submitted September 12, 2018 

Based on the information summarized above, there is insufficient evidence to determine if 
tenapanor-associated new-onset colitis, including inflammatory bowel disease, has occurred. If 
colitis occurred in this study population, it is likely to have been mild, given that no alterations 
in laboratory data or vital signs occurred in most of the patients with rectal bleeding. However, 
the possibility exists that inflammatory bowel disease could be triggered in genetically 
susceptible individuals.  

Whereas the numbers of patients experiencing rectal bleeding were low, rectal bleeding may 
represent a “tip of the iceberg” phenomenon in patients with mild colitis. The clinical symptoms 
of animals who developed histologic evidence of colitis and depletion of goblet cells in the 
preclinical program included, for the most part, diarrhea, and not rectal bleeding. Given that 
diarrhea is a common, expected adverse event associated with drugs used to treat constipation, 
and the protocol did not mandate colonoscopy or other testing to evaluate new onset diarrhea 
before ascribing it to pharmacodynamic effect of the drug, uncertainty remains. In clinical 
practice, patients with mild colitis, particularly right-sided colitis, often present with diarrhea in 
the absence of rectal bleeding. Thus, colonoscopy with biopsy evaluated for histologic changes 
would be the only way to determine with accuracy whether mild mucosal inflammation is 
occurring.  It is possible that rectal bleeding, and the attendant risk of colitis, is a class effect 
shared by all secretagogues that inhibit NHE3 (including guanylate cyclase agonists which act 
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upstream of tenapanor in a shared pathway); insufficient data are available to confirm or refute 
this risk.  While the data available in tenapanor treated patients with rectal bleeding are limited 
and do not confirm a safety signal that would preclude approval (given small absolute number 
of patients, lack of documented serious outcomes associated, and uncertainty regarding 
underlying cause of the bleeding in the majority of the documented cases),  we intend to 
further evaluate the potential of tenapanor to induce colitis in the post-marketing setting, by 
conducting a signal assessment study in Sentinel. (Refer to Section 10.2.13 below.)  

 

Cardiovascular AEs 

, a possible imbalance in the number of ischemic-thromboembolic AEs in 
patients receiving tenapanor for hyperphosphatemia and ESRD was noted (see Section 10.2.12 
below). As a result, a detailed analysis of all cardiovascular AEs in the Integrated Safety Analysis 
Set for IBS-C patients was conducted. A consultation was requested from the Division of 
Cardiovascular and Renal Products (DCaRP) to assist in this evaluation. The DCaRP consultant 
recommended analyzing cardiovascular events in groupings based on pathophysiology, and 
evaluating stent/shunt-related thrombotic events separately in the ESRD population. Based on 
re-analysis of the IBS-C cardiovascular AEs informed by discussions with DCaRP, no clear 
increase in cardiovascular AEs was noted (Table 48. Cardiovascular AEs, Integrated Safety 
Analysis Set, by Category). Refer to consult by Dr. Stephen Grant (DCaRP) for additional detail.  

 

Table 48. Cardiovascular AEs, Integrated Safety Analysis Set, by Category 

Diagnosis 

Tenapanor  
N=1343 

466.1 PY 

Placebo 
N=438 

222 PY 
Total CV deaths, MI and stroke 0/1343 

(0%) 
0/100 PY 

0/438 
(0%) 

0/100 PY 
Total congestive heart failure requiring hospitalization 0/1343 

(0%) 
0/100 PY 

0/438 
(0%) 

0/100 PY 
Total atrial arrhythmias 2/1343 

(0.15%) 
0.4/100 PY 

0/438 
(0%) 

0/100 PY 
Total miscellaneous serious CV events 1/1343 

(0.07%) 
0.2/100 PY 

0/438 
0% 

0/100 PY 
Total venous thromboembolisms  1/1343  

(0.07%) 
36/100 PY 

2/438 
(0.45%) 

90/100 PY 
Total significant cardiovascular AEs 4/1343  

(0.30%) 
85/100 PY 

2/438 
(0.45%) 

90/100 PY 
Abbreviations: AE, adverse event; CV, cardiovascular; MI, myocardial infarction; PY, person-years 
Source: Reviewer’s table, derived from Applicant’s AE ADAM data sets for studies D5612C001, TEN-01-301, TEN-01-302, TEN-01-
303, submitted September 12, 2018, analyzed with JMP v. 13 
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10.2.9. Other Safety Evaluation (Vital Signs, Cardiovascular safety) 

Vital signs 

Analysis of vital signs was performed for the Integrated Safety Analysis Set. No significant 
differences were detected in mean heart rate, blood pressure, or temperature over time 
between placebo and tenapanor or across dosage groups for tenapanor.  

Electrocardiograms 

Analyses of ECG results (PR interval, QRS interval and QT interval) were conducted for the 
Integrated Safety Analysis Set. No significant differences or trends were noted for patients 
treated with tenapanor as compared to placebo and among dosage groups for tenapanor. 
Further analyses were conducted comparing proportion of patients in study TEN-01-301 and 
TEN-01-302 whose ECG readings shifted from normal at baseline to abnormal (not clinically 
significant) at end of treatment visits. No significant differences between placebo and 
tenapanor groups were detected. No patients developed clinically significant ECG changes 
during either of the two trials. 

QT 

No difference in mean QT intervals was noted in the ECG analysis. No difference was found 
between placebo- and tenapanor-treated patients in the incidence of prolonged QT interval in 
the Integrated Safety Analysis data set. The Division agreed at the EOP2 meeting that a 
thorough QT study was not needed. See Section 3.2 on Regulatory Background. A consultation 
from the QT Interdisciplinary Studies Review Team was finalized on January 28, 2019. The 
consult concluded that “no significant QT prolongation by tenapanor was detected in this 
assessment.”  

 

10.2.10. Safety Analyses by Demographic Subgroups  

Analyses of all TEAEs, as well as three AEs of interest, diarrhea, rectal bleeding, and 
hyperkalemia, were conducted by age, sex, and race.  

 

Analysis of AEs by Demographic Subgroup (Trial 301) 

Rates of common, serious, and severe intensity adverse events were assessed by demographic 
subgroups for each of the phase 3 trials.  
 
For trial 301 (Table 49 and Table 50), no substantial difference was noted in the risk difference 
in AEs based on age. Women on tenapanor seemed to have higher risk differences vs placebo 
compared to men on tenapanor for severe AEs (6.9 vs 3.1%), TEAEs (34 vs 16%) and diarrhea 
(24 vs 12%). However, the width of the confidence intervals around the estimates and lack of 
replication of the female-male drug-placebo differences in trial 302, suggest significant 
uncertainty about the female-males risk differences. Whites on tenapanor appeared to have 
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higher risk differences vs placebo compared to blacks on tenapanor vs placebo for diarrhea (28 
vs 19%) but the notable overlap in the confidence intervals of the estimates suggest significant 
uncertainty about a risk differences. Note that, in general, there is considerable uncertainty 
around these subgroup comparisons (as evident in the wide confidence intervals around the 
estimated risk differences) due to small sample sizes in several subgroups and the multiple 
comparisons being made. 
 

Table 49. Percentage of Patients with SAEs and Severe AEs by Treatment Arm and Demographic 
Subgroup (Study 301) 

No. of 
Patients 

Safety 
Population 

on Tena.  

Safety 
Population 

on 
Placebo 

SAEs 
on 

Tena. 

SAEs  
on 

Placebo 

SAE Risk 
Difference 

(%, 
95% CI) 

Severe 
AEs on 

Tena. 

Severe 
AEs on 

Placebo 

Severe 
AE Risk 

Difference 
(%, 

95% CI) 
Sex         

Male 64  50 1 (1.5%) 0 (0%) 1.5 
[-1.5,4.5] 

2 (3.1%) 0 (0%) 3.1 
[-0.9,7.1] 

Female 245  251 6 (2.4%) 0 (0%) 2.4 
[0.4,4.4] 

18 (7.3%) 4 (0.41%) 6.9 
[3.9,9.9] 

Age          
≤65 284  281 7 (2.5%) 0 (0%) 2.5 

[0.5,4.5] 
19 (6.7%) 4 (1.4%) 5.3 

[2.3,8.3] 
>65 25  20 0 (0%) 0 (0%) 0 1 (4%) 0 (0%) 4 

[-4,12] 
Race          

White 202  188 6 (3.0%)  0 (0%) 3 
[1,5] 

16 (7.9%)  4 (2.1%) 5.8 
[1.8,9.8] 

Black 89  100 0 (0%)  0 (0%)  0 4 (4.5%)  0 4.5 
[0.5,8.5] 

Asian 10  4 0 (0%) 0 (0%) 0 0(0%) 0 0 
Native 
American, 
Hawaiian 

0 2 0 (0%) 0 (0%) 0 0(0%) 0 0 

Other, 
multiple, 
unknown 

8 7 1 
(12.5%)  

0 (0%) 12.5 
[-10.5,35.5] 

0(0%) 0 0 

Abbreviations: AE, adverse event; SAE, serious adverse event; Tena., tenapanor; TEAE, treatment-emergent adverse event 
Source: Reviewer’s table, derived from Applicant’s ADSL and AE data files for Study,TEN-01-301, submitted September 12, 2018 
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Table 50. Percentage of Patients with Any TEAEs and Diarrhea by Treatment Arm and 
Demographic Subgroup (Study 301) 

No. of 
Patients 

Safety 
Population 

on Tena.  

Safety 
Population 

on 
Placebo 

TEAEs 
on 

Tena. 

TEAEs 
on 

Placebo 

TEAE Risk 
Difference 

(%, 
95% CI)) 

Diarrhea 
on Tena. 

Diarrhea 
on 

Placebo 

Diarrhea 
Risk 

Difference 
(%, 

95% CI) 
Sex         

Male 64  50 24 
(38%) 

11 
(22%) 

16 
[-1,33] 

8 (12%) 0 (0%) 12 
[4,20] 

Female 245  251 164 
(67%) 

83 
(33%) 

34 
[26,42] 

72 (29%) 5 (2%)  27 
[21,31] 

Age          
≤65 284  281 175 

(62%) 
90 

(32%) 
30 

[22,38] 
74 (26%) 5 (1.8%) 24 

[19,29] 
>65 25  20 13 

(52%) 
4 

(20%) 
32 

[6,58] 
6 (24%) 0 (0%) 24 

[7,41] 
Race          

White 202  188 125 
(62%) 

54 
(29%) 

33 
[24,42] 

56 (29%) 2 (1.1%) 28 
[22,34] 

Black 89  100 53 
(60%)  

34 
(34%) 

26 
[12,40] 

19 (21%) 2 (2%) 19 
[10,28] 

Asian 10  4 5 (50%) 2 (50%) 0 1 (10%) 1 (25%) -15 
[-61,31] 

Native 
American 
or 
Hawaiian 

0 2 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 0 

Other, 
multiple, 
unknown 

8 7 5 (62%) 4 (57%) 5 
[-45,55] 

0 (0%) 0 (0%) 0 

Abbreviations: AE, adverse event; SAE, serious adverse event; Tena., tenapanor; TEAE, treatment-emergent adverse event 
Source: Reviewer’s table, derived from Applicant’s ADSL and AE data files for Study,TEN-01-301, submitted September 12, 2018 

 
 

Analysis of AEs by Demographic Subgroup (Trial 302) 

 
For trial 302 (Table 51 and Table 52), the small number of geriatric patients included (< 25 per 
group) and the considerable imbalance in the number of patients exposed to tenapanor by age 
group (> 10:1 ratio) preclude an informative comparison by age. Whites on tenapanor seemed 
to have a higher risk differences vs placebo as compared to blacks on tenapanor for TEAEs (10 
vs 7%, Table 52) and diarrhea (17 vs 5.4%, Table 52); however, the overlap of the confidence 
intervals around the estimates again results in uncertainty regarding the true risk difference.  
Further, the risk difference for Severe AEs was actually less in whites than in blacks (0.7% vs 
2.1%).  
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Table 51. Percentage of Patients with SAEs and Severe AEs by Treatment Arm and Demographic 
subgroup (Study 302) 

No. of 
Patients 

Safety 
Population 

on Tena. 
N=293  

Safety 
Population 

on 
Placebo 

N=300 

SAEs 
on 

Tena. 

SAEs 
on 

Placebo 

SAEs 
Risk 

Difference 
(%, 

95% CI) 

Severe 
AEs 

on 
Tena. 

Severe 
AEs on 

Placebo 

Severe 
AEs Risk 

Difference 
(%, 

95% CI) 
Sex         

Male 53  53 2 (3.8%) 0 (0%) 3.8 
[-1.2,8.8] 

1 (1.9%) 0 (0%) 1.9 
[-2.1,5.9] 

Female 240  247 2 
(0.83%) 

7 (2.8%) -2.0 
[-4,0] 

11 (4.6%) 9 (3.6%) 1 
[-3,5] 

Age          
≤65 273  276 4 (1.5%) 6 (2.2%) -0.7 

[-2.7,2.0] 
12 (4.4%) 9 (3.3%) 1.1 

[-1.9,4.1] 
>65 20  24 0 (0%) 1 (4.2%) -4.2 

[-12,12] 
0 (0%) 0 (0%) 0 

Race          
White 185  192 4 (2.2%)  8 (4.2%) -2 

[-6,2] 
8 (4.3%)  7 (3.6%) 0.7 

[-3.3,4.7] 
Black 92 92 0 (0%)  3 (3.3%) -3.3 

[-7.3,1.3] 
4 (4.3%)  2 (2.2%) 2.1 

[-2.9,7.1] 
Asian 12 9 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 0 
Native 
American 
or 
Hawaiian 

1 0 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 0 

Other, 
multiple, 
unknown 

3 7 0 (0%)  0 (0%) 0 0 (0%) 0 (0%) 0 

Abbreviations: AE, adverse event; SAE, serious adverse event; Tena., tenapanor; TEAE, treatment-emergent adverse event 
Source: Reviewer’s table, derived from Applicant’s ADSL and AE data files for Study,TEN-01-302, submitted September 12, 2018 
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Table 52. Percentages of Patients with Any TEAEs and Diarrhea by Treatment Arm and 
Demographic Subgroup (Study 302) 

No. of 
Patients 

Safety 
Population 

on Tena.  
N=293 

Safety 
Population 

on 
Placebo 

N=300 

TEAEs 
on 

Tena. 
N=146 

TEAEs 
on 

Placebo 

TEAEs 
Risk 

Difference 
(%, 

95% CI) 

Diarrhea 
on Tena. 

N=48 

Diarrhea  
on 

Placebo 

Diarrhea 
Risk 

Difference 
(%, 

95% CI)  
Sex         

Male 53  53 22 
(42%) 

17 
(32%) 

10 
[-8,28] 

7 (13%) 0 (0%) 13 
[8,18] 

Female 240  247 124 
(52%) 

108 
(44%) 

8 
[-1,17] 

41 (17%) 11 (4.5%) 12.5 
[7.5,17] 

Age          
≤65 273  276 136 

(50%) 
115 

(42%) 
8 

[0,16] 
46 (17%) 11 (4.0%) 13 

[8,18] 
>65 20  24 10 

(50%) 
10 

(42%) 
8 

[-21,37] 
2 (10%) 0 (0%) 10 

[-3,23] 
Race          

White 185  192 92 
(50%) 

77 
(40%) 

10 
[0,20] 

39 (21%) 8 (4.2%) 17 
[10,24] 

Black 92  92 49 
(53%)  

42 
(46%) 

7 
[-7,21] 

8 (8.7%) 3 (3.3) 5.4 
[-1.6,12] 

Asian 12  9 3 (25%) 4 (44%) -19 
[-60,22] 

0 (0%) 0 (0%) 0 

Native 
American 
or 
Hawaiian 

1 0 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 0 

Other, 
multiple, 
unknown 

3 7  2 (67%) 2 (29%) 38 
[-25,101] 

1 (33%) 0 (0%) 33 
[-20,86] 

Abbreviations: AE, adverse event; SAE, serious adverse event; Tena., tenapanor; TEAE, treatment-emergent adverse event 
Source: Reviewer’s table, derived from Applicant’s ADSL and AE data files for Study,TEN-01-302, submitted September 12, 2018 

 

Supportive Safety Analyses 

As shown in Table 66 and Table 67 (Clinical Appendix, Section 16.1),  in the Integrated Safety 
set, no clear pattern was noted in the risk difference in SAEs, severe AEs, TEAEs, or diarrhea 
between tenapanor and placebo based on sex, age, or race when the confidence intervals 
around the estimates are taken into account and incidence rates are compared.  

 

10.2.11. Safety Analysis in Renally Impaired Patients 

Based upon findings identified during exploration of the ESRD and CKD supportive safety sets 
(discussed in 10.2.12 below), the safety profile of tenapanor in IBS-C patients with concomitant 
renal impairment was explored.  

Within the IBS-C trial program, the applicant enrolled an adequate proportion of patients with 
renal impairment. Renal impairment was defined as eGFR <90ml/min/1.73m2 (estimated based 
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on CKD-EPI equation). Three hundred sixty-eight patients with rena l impairment were enrolled 
in the phase 3 program, representing 31% of the overa ll popu lation. 

In response to IR prov ided on 7 / 19/ 19, the sponsor summarized laboratory data (shift from 
baseline in potassium) by baseline rena l f unction and treatment group. In (Table 53) below the 
data show that overall, tenapanor-treated, IBS-C patients with rena l impairment experienced 
fewer elevations in potassium than those treated w ith placebo. There were no reported AEs of 

hyperka lemia in IBS-C patients with eGFR <90ml/min/ 1.73m2 • 

Table 53. Proportion of Patients with Elevated Post-Dose Potassium (>Smmol/L) by baseline Renal 
Function (Controlled period of Studies 301 and 302 combined) 

Impaired Renal Function Normal Renal Function 
(eGFR < 90) (eGFR ::: 90) 

IBSRELA Placebo IBSRELA Placebo 

All 15/194 (7.7%) 16/174 (9.2%) 35/407 (8.6%) 42/426 (9.9%) 

Subgroup 

Max Pre-Dose K ~ 5 12/184 (6.5%) 13/1 69 (7.7%) 31/396 (7.8%) 40/408 (9.8%) 

Max Pre-Dose K > 5 3/ 10 (30.0%) 3/5 (60.0%) 419 (44.4%) 2/17 (11.8%) 

* Two IBSRELA-treated patients I . tbll&i from Study I and I ions from Study 2) and one placebo-treated 
atient (bf(& from Studv 2) liad creatuune data at baseline out aid not have an · re-dose otassium p r 1 YP p 

da1a. They are excluded from 1he subgroup analyses by maximum pre-dose potassium level. 

Source: sponsor's response to IR dated 7/19/19. Analysis of double-blind periods of study 301 and 302. 

Additionally, the sponsor provided ana lysis of the proportion of patients experiencing any TEAE, 

SAE, Diarrhea, Severe Diarrhea, Hyperka lemia reported as an AE, and a pooled ana lysis of 
events of interest (including changes in electrolytes, dehydration, fall) which could be 

interpreted as consequences of diarrhea and/ or resultant dehydration. This ana lysis identified 
that patients w ith renal impairment appeared to have more frequent diarrhea and severe 
diarrhea than IBS-C patients w ith normal renal f unction. However, reassuringly, patients with 
rena l impairment did not appear to suffer an increased risk of complications from diarrhea. 

In t he follow ing table (Table 54), the results of these analyses are summarized. The label w ill 
note that patients w ith rena l impairment may experience more frequent or severe diarrhea. 
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Table 54. Rates of TEAEs, SAEs, AEs of Diarrhea, Hyperkalemia, and Events of Special Interest by 
Baseline Renal function (First 12-Week Treatment Period, Studies 301 and 302 Combined) 

 
Source: Applicant’s table, derived from Applicant’s Table 1.1 in Clinical Response to Information Request, submitted July 19, 2019 

 

10.2.12. Specific Safety Studies/Clinical Trials in Special Populations 

ESRD Safety Data Analysis Set 

Patients with renal disease have been treated with tenapanor for hyperphosphatemia under 
IND  in studies D5611C001, D5613C001 and TEN-02-201. Data from these studies, 
conducted under this open IND, provide safety information on the special population of 
patients with renal impairment. 
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Two deaths occurred in the ESRD population; one was due to left lower extremity ischemia 
resulting in cardiac failure and the other was due to intestinal obstruction (See Section 17.4.1 
for further details).  

Treatment-emergent SAEs for patients on tenapanor in the ESRD Safety Analysis Set occurred at 
similar rates to those seen in patients on placebo. In total, 57 SAEs occurred in 31/398 (7.8%) 
patients on tenapanor and 14 SAEs were reported in 11/151 (7.3%) placebo patients. There was 
no clear dose-response or SOC pattern for SAEs within this safety set.  

In the ESRD Safety Set, tenapanor-treated patients (80/398, 20%) had higher rates of 
discontinuation due to AEs than placebo-treated patients (7/151, 4.6%). Of 80 AEs on 
tenapanor resulting in discontinuation, 52 (65%) were gastrointestinal and, of these, 37 were 
diarrhea (the most common AE resulting in discontinuation).  

Severe adverse events occurred more frequently in tenapanor-treated ESRD patients 
(60/398,15%) than in placebo-treated ESRD patients (10/151,6.6%). The most common severe 
AEs were gastrointestinal, occurring in 44/97 (45%) of tenapanor-treated patients compared to 
1/17 (5.9%) of patients on placebo. Additionally, nine patients had severe AEs in the infection 
and infestations SOC; eight were on tenapanor and one on placebo. Two patients on tenapanor 
had severe AEs of hyperkalemia compared to none on placebo. 

Common, treatment-emergent AEs are listed for the ESRD group in Table 55. As might be 
expected, diarrhea was the most common TEAE on tenapanor but the total cumulative 
incidence of diarrhea (42% of tenapanor-treated patients) was substantially higher than that 
seen in the IBS-C group (14% of tenapanor-treated patients). After diarrhea, ischemic-
thromboembolic events, a category we created, were the next most common AEs (see 
discussion below). Hyperkalemia AEs occurred in 2.5% of patients on tenapanor compared to 
0.66% on placebo (see discussion in 10.2). Interestingly, hyponatremia, an AE of special interest 
based on the drug’s mechanism of action, was not frequently observed in patients on 
tenapanor. A slight increase in the percentage of tenapanor-treated patients with injuries 
(fractures or falls) was also noted, which could be due to chance. However, it is possible that 
patients who are dehydrated and/or hypovolemic from diarrhea might present a greater fall 
risk. Overall, the risk benefit may be different for ESRD than for IBS-C, due to differences in age 
and/or medical co-morbidities. 
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Table 55. Common TEAEs with Risk Difference >1% Between Tenapanor and Placebo: ESRD 
Safety Data Analysis Set 
Diagnosis Tenapanor (n=398)** Placebo (n=151)* 
Diarrhea 169 (42%) 10 (6.6%) 
Ischemic/thromboembolic 
AEs 

32 (8%) 2 (1.3%) 

Nausea and/or vomiting 26 (6.5%) 7 (4.6%) 
Abdominal pain 21 (5.3%) 3 (2.0%) 
Hyperkalemia 10 (2.5%) 1 (0.66%) 
Cellulitis 7 (1.8%) 0 (0%) 
Chest pain 8 (2.0%) 0 (0%) 
Injuries 8 (2.0%) 1 (0.66%) 

* Placebo arm includes patients rerandomized to placebo from tenapanor in the randomized withdrawal period of study, TEN-02-
201; (some of these patients had previously received tenapanor) 
** Represents all patients who received at least one dose of tenapanor  
Abbreviations: AE, adverse event; ESRD, end-stage renal disease; TEAE, treatment-emergent adverse event 
Source: Reviewer’s table, derived from the Applicant’s ADAE ADAM files, from Studies D5611C001, D5613C001 and TEN-02-201, 
submitted September 12, 2018 

Because of the discovery of an increase in cases of ischemic/thromboembolic events in patients 
with ESRD on tenapanor, members of the Division of Cardiorenal Products (DCARP) with 
expertise in Nephrology were consulted and replied to the consult on March 13, 2019 (see 
Consult in DARRTS by Dr. Shen Xiao). The consultant noted that analyses of common TEAEs in 
the ESRD Safety Data Analysis Set were based on pooling results from 3, phase 2, clinical trials 
with different duration, design and dosing regimens. As a result, the findings could be spurious. 
DCARP recommended examining venous thromboembolic events alone because the 
pathophysiology of arterial and venous thromboembolic events can differ. When the data were 
reanalyzed to include only venous thromboembolic events and the data from only two 
comparable trials were compared, the rates of thromboembolic events were 5/180 (2.8%) in 
tenapanor-treated patients and 1/69 (1.5%) in placebo patients. Given the small sample size, 
the precision around these estimates is poor. Additionally this patient population has high rates 
of thromboembolic events in general as a result of their comorbid conditions. This small 
numeric difference between arms was not considered a strong signal.  

 

CKD Safety Analysis Data Set 

 
Although this cohort of 

patients is, in general, older with more comorbidity than the IBS-C cohort, it is, in general, less 
chronically ill than the ESRD cohort. Thus, it may represent a reasonable population from whom 
to glean information about expected adverse events in older, IBS-C patients with comorbidities. 

In the CKD Safety Analysis Set, SAEs occurred with similar frequency in tenapanor patients as in 
placebo; 6/77 (7.8%) of patients on tenapanor and 4/77 (5.2%) of placebo-treated patients 
developed a total of seven and five SAEs, respectively. Two of the SAEs on tenapanor were 
hyperkalemia (data not shown). 
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In the CKD Set, 20/77 (26%) tenapanor patients withdrew from the study due to AEs compared 
to 3/77 (3.9%) of placebo patients. Sixteen of the tenapanor patients (21%) withdrew due to 
gastrointestinal AEs; of these, all but one withdrew due to diarrhea (data not shown).  

Tenapanor-treated patients (9/77,12%) had more severe AEs than placebo-treated patients 
(5/77,6.5%) in the CKD Safety Set (data not shown). As expected, the most common severe AEs 
were gastrointestinal with 6/77 (7.8%) patients on tenapanor reporting severe, gastrointestinal 
AEs and none on placebo. In contrast to the ESRD Safety Set, there was no difference in 
thromboembolic events between the two groups. However, the total number of patients (144) 
in this cohort was relatively small.  

A higher cumulative incidence of diarrhea as a TEAE was identified in the CKD Safety Analysis 
Set, as compared to ESRD or IBS-C (Table 56). A total of 51 AEs of diarrhea occurred in 77 
patients (66%) in the tenapanor treatment arm as compared to five in 77 patients (6.5%) in the 
placebo arm. This high rate of diarrhea may be in part explained by the fact that the drug has a 
pharmacodynamic effect to increase stool output. While this may be therapeutic in 
constipation, patients with renal disease using the drug for other purposes, who may have 
normal baseline stool pattern, are likely to report more bothersome “diarrhea” when exposed 
to the drug, compared to IBS-C patients. Other less common abdominal AEs included abdominal 
distension, abdominal pain and nausea and vomiting.  

As with the ESRD patients, hyperkalemia AEs were more prevalent in the tenapanor-treated 
group (9.1%) than in the placebo group (1.3%). The Applicant identified hyperkalemia as a 
potential risk in the CKD population. Two of the patients with hyperkalemia AEs had SAEs of 
hyperkalemia that required hospitalization and were accompanied by EKG changes. Although 
rates of hyperkalemia were not elevated in IBS-C patients with renal impairment based on a 
pooled analysis of the controlled portions of studies 301 and 302 (refer to 10.2.11 above), these 
2 cases of SAEs of hyperkalemia in CKD patients were life threatening, and warrant inclusion in 
the label as  

 

 As seen in the ESRD safety population, chest pain was slightly more prevalent in the tenapanor 
group 3/77 (3.9%) than in the placebo group 1/77 (1.3%). However on further evaluation, all 3 
cases of chest pain reported on treatment were evaluated as “non-cardiac” or 
“musculoskeletal” chest pain. The CKD Data Set was the only dataset in which the FDA-created 
AE of dehydration/acute kidney injury occurred more commonly in tenapanor-treated patients 
than in placebo. Although underlying etiology for these changes might differ across patients 
(worsening of underlying renal disease, concomitant medications, etc. may confound the 
findings), it is notable that hypovolemia/dehydration was another of the potential risks 
identified by the Applicant. This imbalance may suggest that CKD patients are possibly more 
susceptible to volume depletion and complications, should they develop diarrhea, an AE that 
was highly prevalent. Although patients with CKD being treated for albuminuria may differ from 
those with IBS-C, these data suggest that this dehydration and/or acute kidney injury may be a 
concern in older, sicker patients and this may be relevant to IBS-C patients with a degree of 
renal impairment. This signal prompted further assessment of such AEs in the IBS-C population 

Reference ID: 4490899

(b) (4)



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

110 
Version date: September 12, 2018  

with impaired baseline renal function (results described in section 10.2.11), and reassuringly, in 
that population, a signal was not apparent. 

Table 56. Common TEAEs With Risk Difference >1% Between Tenapanor and Placebo: CKD Safety 
Data Analysis Set 
Diagnosis Tenapanor (n=77) Placebo (n=77) 
Diarrhea 51 (66%) 5 (6.5%) 
Acute kidney injury/dehydration* 10 (13%) 5 (6.5%) 
Hyperkalemia 7 (9.1%) 1 (1.3%) 
Nausea and/or vomiting 7 (9.1%) 2 (2.6%) 
Abdominal pain 4 (5.2%) 0 (0%) 
Abdominal distension 3 (3.9%) 0 (0%) 
Chest pain 3 (3.9%) 1 (1.3%) 

Abbreviations: CKD, chronic kidney disease; TEAE, treatment-emergent adverse event 
*Includes AE terms: acute kidney injury, dehydration, blood urea nitrogen increased, blood creatinine increased, decreased 
glomerular filtration rate 
Source: FDA’s table, derived from Applicant’s line listing of AEs for Study D5610C0001, submitted September 12, 2018 

 

Human Carcinogenicity or Tumor Development 

There was no evidence of carcinogenicity in a 2-year rat carcinogenicity study. Two patients in 
the IBS-C development program developed malignancies while on study drug; one had a pineal 
tumor and the other had a laryngeal neoplasm. Neither malignancy was considered related to 
the study drug. 

Human Reproduction and Pregnancy 

Information on the outcome of pregnancies initiated while on tenapanor was limited. Four 
patients became pregnant inadvertently during the IBS-C trials. Two patients enrolled in study 
TEN-01-302 were receiving placebo at the time of their pregnancy. Two patients who received 
tenapanor in study TEN-01-301 are described below. 

The first patient, TEN-010-301/ , received tenapanor for 12 weeks followed by placebo 
for 4 weeks. Her last menstrual period and her last dose of study drug were on  

 She started placebo after . She was found to be pregnant while on 
placebo on , 1 month after stopping study drug. She was told to continue 
taking the study drug (it is unclear if the investigator who told her this was unblinded). The only 
available follow up information states that a prenatal test showed no evidence of birth defects.  

The second patient, TEN-010-301/ , received tenapanor for 4 weeks starting on 
 and had unprotected sex on . She asked the 

principal investigator for a Plan B prescription on . She had a positive pregnancy 
test (human chorionic gonadotropin) on  and repeat pregnancy test on  
showed declining values that the principal investigator interpreted as compatible with 
pregnancy loss.  

Overdose, Drug Abuse Potential, Withdrawal, and Rebound 

No evidence of drug abuse potential, withdrawal or rebound effect has been shown in any of 
the trials to date.  
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An ADME study in rats showed no evidence that tenapanor crosses the blood-brain barrier. 
There have been no reported cases of overdosage of tenapanor in humans during the clinical 
development period. Healthy volunteers have received doses as high as 900 mg of tenapanor 
with minimal systemic exposure. In animals, high dosages have resulted in diarrhea and 
dehydration and, in isolated cases, colonic bleeding. 

Regarding the potential for rebound effects, adverse events were assessed in the randomized 
withdrawal period of study 301. The Applicant submitted data on the 18 AEs reported in 
patients receiving placebo in the randomized withdrawal arm of study 301, who had received 
tenapanor in the 12-week, double-blind period of the trial. No specific SOC was 
overrepresented. Only one AE, nausea, was gastrointestinal. Thus, the results of this trial do not 
support concerns about withdrawal or rebound effects manifesting as AEs within a specific SOC 
after stopping the drug.  

 

10.2.13. Safety in the Postmarket Setting 

Safety Concerns Identified Through Postmarket Experience 

Tenapanor is not marketed elsewhere in the world; therefore, no postmarketing safety data are 
available at this time.  

Expectations on Safety in the Postmarket Setting 

The drug’s mechanism of action presents a theoretical safety concern for the development of 
IBD among those exposed to tenapanor. Given this theoretical concern, the Agency will conduct 
a postmarketing signal detection study to further assess whether postmarket data show a signal 
of IBD risk in patients treated with tenapanor using the Active Risk Identification and Analysis 
system in the Sentinel Distributed Database.  

10.3. Integrated Assessment of Efficacy and Safety 

The results of two randomized, placebo-controlled, double-blind, multicenter, phase 3 studies, 
301 and 302, support efficacy of tenapanor in the treatment of IBS-C. The primary endpoint was 
the proportion of patients who were weekly overall responders at 6 or more of the first 12 
weeks of double-blind treatment. An overall responder was defined as a weekly responder for 
at least 6/12 weeks where both CSBM (increase of one or more in average weekly CSBMs from 
baseline) and abdominal pain response (decrease of 30% or more in average, weekly, worst 
abdominal pain from baseline) criteria were met for the week. 

In Study 301, 27% of patients (83/307) on tenapanor met the primary endpoint compared to 
19% of patients (56/299) on placebo (p=0.02). In Study 302, 36.5% of patients (107/293) on 
tenapanor met the primary endpoint compared to 24% of patients (71/300) on placebo 
(p<0.001). In secondary efficacy analyses of the individual components of the co-primary 
endpoint, significant improvements in overall CSBM response and overall abdominal pain 
response were achieved in Study 302. However, in Study 301, efficacy of tenapanor in achieving 
the endpoint of overall CSBM response (first ranked secondary endpoint) did not achieve 
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statistical significance; 34% of tenapanor patients (104/307) and 29% of placebo patients 
(88/299) achieved overall CSBM response (p=0.2). 

Analysis of the safety profile of tenapanor reveals that diarrhea is the most prominent adverse 
effect of tenapanor, occurring in 15% of IBS-C patients across the controlled portions of the 2 
confirmatory trials. Diarrhea is an expected pharmacodynamic effect of a drug developed to 
treat IBS-C. However, in patients at greater risk of complications from diarrhea, such as 
pediatric and geriatric patients or those with other medical conditions (such as chronic renal 
disease), diarrhea may be of greater concern. Risk of diarrhea is reflected in labeling.  

Less prevalent gastrointestinal AEs, abdominal distension and abnormal gastrointestinal 
sounds, do not carry significant risk but may be bothersome in IBS patients already suffering 
from similar symptoms and are noted in the label. 

Hyperkalemia was identified by the Applicant as a potential risk in the CKD population, but did 
not appear to present a major safety concern within the IBS-C trial population. The prevalence 
of hyperkalemia (as assessed by post-baseline laboratory value shifts) was increased in Study 
301 for IBS-C but this finding was not replicated in Study 302. There was no imbalance of AEs 
related to hyperkalemia in the IBS-C population, and within the subset of IBS-C patients with 
renal impairment, no increase in hyperkalemia adverse events was reported. However, because 
there were rare but life-threatening events of hyperkalemia that occurred within the CKD 
population, the label will reflect this finding  

Finally, an increase in the rate of rectal bleeding occurred in patients on tenapanor compared 
to patients on placebo although the total numbers were small. In Study 301, 4/309 (1.3%) 
tenapanor patients and 0/301 (0%) placebo patients had AEs of rectal bleeding. In Study 302, 
3/293 (1.0%) tenapanor patients and 1/293 (0.33%) placebo patients had AEs of rectal bleeding. 
Although, the rectal bleeding did not result in hemodynamic instability or significant laboratory 
changes, colonoscopies were performed in only two cases (one of which was placebo), making 
it impossible to determine the etiology of the bleeding.  

Rectal bleeding was an AE of interest because of published reports of inflammatory bowel 
disease in patients with inactivating mutations in NHE3 and in NHE3 knock-out animals. Due to 
concern that patients on tenapanor with rectal bleeding (and some of those with diarrhea) 
might develop new-onset, inflammatory bowel disease, a post-approval signal detection study 
within Sentinel is planned.  

In conclusion, the benefits of tenapanor, when used at a dosage of 50 mg BID, outweigh its risks 
for the treatment of adult IBS-C and supports approval of this application. 
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11. Pediatrics 

Under the Pediatric Research Equity Act (PREA) (21 U. S. C. 335), all applications for new active 
ingredients (which includes new salts and new fixed combinations), new indications, new 
dosage forms, new dosing regimens, or new routes of administration are required to contain an 
assessment of the safety and effectiveness of the product for the claimed indication in pediatric 
patients unless this requirement is waived, deferred, or inapplicable. PREA applies to NDA 
211801 tenapanor tablet, which is a new molecular entity.  

There is an Agreed Initial Pediatric Study Plan (iPSP), dated September 26, 2017, that details the 
plan to request a partial waiver in pediatric patients from birth to less than 6 years of age 
because necessary studies are impossible or highly impracticable in the very young. The iPSP 
also documents a plan  

 Under PREA, the Applicant will be required to conduct a juvenile animal toxicology 
single-dose study in 4-day old mice and an 8-week, repeat dose study in rats with dosing 
initiated on PND 21 to support exposure in humans 2 years to less than 12 years. The PREA 
postmarketing requirements are summarized in Section 14 of this Unireview. A separate 
Division of Pediatric and Maternal Health Labeling Review for NDA 211801 is archived in 
DARRTS.  

To fulfill their obligation under PREA, the Applicant requested a deferral of pediatric studies at 
the time of NDA submission (adult studies are complete and the drug is ready for approval) and 
a partial waiver for conducting studies in pediatric patients less than 6 years of age (studies are 
impossible or highly impracticable). Acknowledging that similarities in the disease 
pathophysiology and anticipated response to treatment exist between adults and pediatric 
patients with IBS (particularly for the adolescent population), partial extrapolation of efficacy is 
proposed.  

The planned post-marketing studies to address pediatric patients are listed in Section 14.  
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12. Labeling Recommendations 

The Applicant’s proposed label was reviewed, and revisions and comments have been 
communicated to the Applicant during labeling negotiations. The final approved labeling will be 
appended to the approval letter. The major clinical issues related to the label and DGIEP-
proposed changes with rationale include the following: 
 

1. Section 5. Warnings and Precautions 
 
5.1. Pediatrics. The Division recommended strengthening the pediatric warning to a 
contraindication in patients under age 6 due to Risk of Severe Dehydration in Pediatric 
Patients, including a summary of animal data showing increased mortality in young 
juvenile rats (see Section 5.5.5. Juvenile Toxicology Studies). DGIEP further included a 
statement to avoid the use of tenapanor in pediatric patients 6 to <12years of age. 
 

 
2. Section 6. Adverse Reactions 

 
The Division recommended expanding the section on Common Adverse Reactions to 
include additional common AEs, including abdominal distension, flatulence, and 
dizziness, which occurred in greater than 2% of tenapanor-treated patients in at least 
one of the two phase 3 trials, when analyzed separately. 
 
DGIEP recommended including a section of rare adverse reactions to include: rectal 
bleeding, elevated ALT, elevated AST and abnormal gastrointestinal sounds.  
 

3. Section 8. Special Populations 
 
8.1. Pregnancy. Language modified to acknowledge minimal systemic exposure from the 
to-be-marketed dosage, and to clarify that maternal exposure is not expected to result 
in fetal exposure to the drug. Summary of nonclinical data from reproductive toxicity 
studies in both rats and rabbits was included.  
 
8.4 Pediatric Use. In addition to the strengthened warnings regarding dehydration risk in 
pediatrics (Section 5 of the label), detailed animal data were provided in this section 
regarding mortality in young juvenile rats, corresponding to humans less than age 2, on 
relatively low doses (0.1 mg/kg) of tenapanor. 
 
8.5 Geriatric Use. This section was changed  

 to acknowledge that 100 patients in the controlled phase 
3 trials (8% of the study population) was 65 years or older, and no differential efficacy or 
safety findings were noted. It further acknowledges that greater sensitivity of older 
individuals to some adverse events cannot be ruled out.  
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Section 13. Nonclinical Toxicology 
 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility. Additional details regarding 
carcinogenesis and fertility, nonclinical studies, were added and information provided 
regarding the lack of carcinogenicity of the M1 metabolite.  

 
 

 
4. Section 14. Clinical Studies 

 
This section was edited for brevity. Concepts of  

 
 

  
 
 

13. Risk Evaluation and Mitigation Strategies  

Risks identified will be communicated via labeling. No Risk Evaluation and Mitigation Strategies 
program was required.  
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14. Postmarketing Requirements and Commitment 

A total of 6 post-marketing requirements will be issued. Five of these studies will be issued 
under PREA, to appropriately evaluate the drug in pediatrics, and an additional study will be 
conducted to inform the pregnancy/lactation related safety issues. 
 
In IBS, the Division routinely requires pediatric studies down to age 6, and waives requirements 
for patients <6 years of age, as IBS is rarely diagnosed in that age group, and studies would be 
impracticable to conduct.  
 
Because of the findings in the juvenile animal studies conducted to date (refer to Section 5) 
where deaths occurred in young juvenile animals, even at very low doses, a safety margin that 
would permit initiation of studies in patients < 12 years of age was not identified. It is 
hypothesized that perhaps the very young animals (human age equivalent <2 years of age) may 
have a maturation related reason for the apparent increases in susceptibility to toxicity from 
tenapanor, which may change or improve with advancing age. As a result, a post-marketing 
requirement will be issued to conduct another juvenile animal toxicology study, with dosing 
initiated at PND21. The goal of this study will be to determine if older juvenile animals tolerate 
the drug and if safety margin can be identified that would permit initiation of trials in pediatric 
patients ages 6 and older. 
 
3583-1 “A 60-day, repeat dose, GLP juvenile animal toxicology study in rats in which the dosing 
of the animals should be initiated on post-natal day 21” 
 
Studies in patients 6 to <12 years of age will be conducted if the findings from the above 
juvenile toxicology study support initiation. This will include 2 studies, one for dose-ranging, 
and a second study to confirm efficacy: 
 
3583-2 “A randomized, double blind, controlled, dose ranging study to assess the safety and 
efficacy of tenapanor for the treatment of irritable bowel syndrome with constipation (IBS-C) in 
pediatric patients ages 6 to less than 12 years of age. The study will include at least 2 doses and 
treatment duration will be 4 weeks”.  
 
3583-4 “A randomized, controlled study to assess the safety and efficacy of tenapanor for the 
treatment of irritable bowel syndrome with constipation (IBS-C) in pediatric patients 6 to less 
than 12 years of age”.  
 
Studies in pediatric patients 12 years of age and older are supported by the nonclinical 
toxicology studies already conducted, and further supported by the adult experience. There is 
greater similarity between adolescents and adults with IBS, and therefore, the pediatric study in 
this age group relies more heavily on extrapolation from adult data. As a result a single, 
combined study will be conducted in patients 12 to 17 years of age, to assess dose-ranging, 
safety, efficacy, and PK.  
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3583-3 “A 12-week, randomized, controlled study to assess the safety and efficacy of tenapanor 
for the treatment of irritable bowel syndrome with constipation (IBS-C) in pediatric patients 12 
to less than 18 years of age. The study will evaluate at least 2 doses.” 
  
Because IBS is a chronic condition and patients may be expected to use tenapanor for chronic 
administration, a safety extension study to collect longer term safety data on chronic 
administration will be conducted for patients 6 to 17 years of age (which may be combination 
of exposure from the initial phase 2 or phase 3 trial plus additional time in the extension study).  
 
3583-5 “An open-label, long-term extension study to assess the safety of ongoing treatment 
with tenapanor for irritable bowel syndrome with constipation (IBS-C) in pediatric patients 6 to 
less than 18 years of age, who participated in study 3583-2, 2583-3, or 3585-4.”  
 
Finally, because the underlying reason for the extreme sensitivity to tenapanor noted in young 
juvenile animals is not well explained, it presents a concern that if neonates were inadvertently 
exposed to small amounts of tenapanor in the breast milk from a lactating mother being 
treated, that it could present a serious safety risk. Although tenapanor is “considered  
minimally absorbed” a small amount was detected in the serum in some patients. Whether or 
not any of that small amount could be transferred into the breast milk is unknown. Therefore, a 
milk-only lactation study will be conducted, to determine whether or not there is any detectable 
level of tenapanor in the milk, as any detectable drug may alter the acceptability of use of 
tenapanor while breast feeding.  
 
3583-6: Perform a milk-only lactation trial in lactating women who have received multiple, once 
daily, doses of tenapanor therapeutically to assess concentrations of tenapanor (and its active 
metabolite) in breast milk using a validated assay. 
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15. Associate Division Director (Clinical) Comments 

I concur with the recommendation of the review team to approve NDA 211801 for IBSRELA 
(tenapanor) for the treatment of irritable bowel syndrome with constipation (IBS-C) in adults. 
Tenapanor is a sodium/hydrogen exchanger 3 (NHE3) inhibitor. Although there are several 
products that are FDA-approved for treatment of IBS-C (lubiprostone, linaclotide, plecanatide, 
and tegaserod), tenapanor is the first product to be approved in this class. The recommended 
dosage is 50 mg twice daily and is intended to be administered immediately prior to breakfast 
(or first meal of the day) and immediately prior to dinner. Data submitted in the NDA support 
the conclusion that the benefits of treatment with tenapanor in the intended population 
outweigh the identified risks. However, because treatment-related mortalities (presumably due 
to dehydration) were observed in young juvenile rats (less than 1-week old rats; approximate 
human age equivalent less than 2 years of age) and there are currently no data available in 
older juvenile rats (human age equivalent 2 years to less than 12 years), a boxed warning will 
indicate that tenapanor is contraindicated in patients less than 6 years of age and its use should 
be avoided in patients 6 years to less than 12 years of age. In the absence of older juvenile 
animal toxicity data and concerning young juvenile animal data, along with lack of clinical data 
in pediatric patients, the boxed warning will also indicate that the safety and effectiveness of 
tenapanor in pediatric patients less than 18 years of age have not been established. 

I agree with the review team that data submitted in this NDA are adequate to support a 
conclusion that the effectiveness of tenapanor has been established in the intended adult 
population. The submission included two adequate and well-controlled trials, and both trials 
achieved statistical significance on the primary endpoint of “overall responder” for at least 6 of 
the first 12 weeks. The overall responder endpoint was defined as achieving at least a 30% 
reduction from baseline in average of the worst daily abdominal pain score and an increase of 
at least 1 complete spontaneous bowel movement (CSBM) from baseline, both in the same 
week for at least 6 of the 12 weeks. In the trial that was 26 weeks in duration, the proportion of 
responders for 13 out of 26 weeks was greater in tenapanor-treated patients compared to 
placebo-treated patients. Additional secondary endpoints also supported the primary efficacy 
analysis. 

The most common adverse reactions observed in clinical trials include diarrhea, abdominal 
distension, flatulence and dizziness. Severe diarrhea occurred in 2.5% of tenapanor-treated 
patients, compared to 0.2% of placebo-treated patients, during controlled trials. Since these 
patients are at risk of dehydration, the Warnings and Precautions section of labeling will include 
diarrhea, advising prescribers to suspend dosing in patients who develop severe diarrhea and 
rehydrate these patients.  

Hyperkalemia was noted as a potential risk in another patient population (chronic kidney 
disease); however, it did not appear to present a major safety concern within the IBS-C trial 
population based on available data. Because there were rare but life-threatening events of 
hyperkalemia that occurred within the chronic kidney disease population, labeling will reflect 
this finding to inform prescribers of this potential risk.  
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Although only reported in a small proportion of tenapanor-treated IBS-C patients (1% in each 
controlled trial), rectal bleeding is an adverse event of interest because of published reports of 
inflammatory bowel disease (IBD) in patients with inactivating mutations in NHE3 and in NHE3 
knock-out animals. Due to the concern that patients on tenapanor with rectal bleeding (and 
some of those with diarrhea) might develop new-onset IBD, assessment of the risk of IBD in the 
Sentinel’s Active Risk Identification and Analysis (ARIA) System is planned.  

A REMS will not be required. Post-marketing required studies will assess: 1) the effect of repeat 
dosing in juvenile rats (dosing to be initiated on postnatal day 21) to support dosing in pediatric 
patients 6 years and older; 2) multiple doses in a 4-week study (i.e., a dose ranging study) to 
identify the appropriate dose(s) to study in pediatric patients ages 6 to less than 12 years; 3) 
the safety and efficacy of tenapanor in pediatric patients with IBS-C ages 6 to less than 12 years; 
3) the safety and efficacy of tenapanor in pediatric patients with IBS-C ages 12 to less than 18 
years; 4) the long-term safety of ongoing treatment in pediatric patients with IBS-C ages 6 to 
less than 18 years who completed controlled trials; and 5) the concentrations of tenapanor (and 
its active metabolite) in breast milk using a validated assay.  
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16. Appendices 

16.1. Clinical Appendices 

16.1.1. Narratives of Deaths (ESRD) 

Narrative 

Case 1:  Study D5613C0001 
Started on tenapanor 1 mg BID on  
Stopped tenapanor 1 mg BID on  
Died on  

The patient was a 66-year-old, Caucasian male with a history of end-stage renal disease (ESRD) 
on dialysis with arteriovenous fistula. Co-morbidities included: pulmonary tuberculosis, 
hypertension, vasculitis, benign prostatic hyperplasia, brachiocephalic vein stenosis, diabetes 
mellitus, atrial flutter, hyperphosphatemia, coronary artery disease, hiatus hernia, emphysema, 
venous occlusion and peripheral ischemia. 

On  (Day 8), the patient had a moderate arteriovenous fistula thrombosis and was 
hospitalized. He was treated by thrombectomy, the event resolved, and he was discharged the 
same day. He was noted to have “nonserious” left leg ischemia. 

On  (Day 20), he was hospitalized for severe left leg ischemia. 

On , he had a percutaneous angioplasty of the iliac artery. 

On  (Day 26), he had a recanalization of the left femoral artery and femoral 
popliteal bypass. 

On  (Day 28), he had the third digit of his left foot amputated. 

On  (Day 34), he had partial amputation of his left foot, due to necrosis. His 
condition worsened and on  (Day 43), 23 days after his last study drug dose, he 
died of heart failure. 

Although the immediate cause of death, heart failure, was not a safety concern in any of the 
trials, the events leading up to this patient’s death, which included ischemic peripheral vascular 
disease of the lower extremity requiring angioplasty, bypass and amputation, were consistent 
with a potential safety signal for increased risk of ischemic/embolic events seen in the ESRD 
group (see Section 10.2.12 on special populations). There was no mention of diarrhea and 
dehydration in this narrative to suggest that hypovolemia could have compromised peripheral 
circulation. 
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Narrative 

Case 2: , Study TEN-02-201 
Started on tenapanor 3 mg BID on  
Last dose of tenapanor 3 mg BID on  
Partial small-bowel obstruction on  
Died on  

The patient was a 71-year-old, Caucasian female with a history of ESRD on dialysis with 
arteriovenous graft. Co-morbidities included: cerebrovascular accident with hemiparesis, 
anxiety, depression, type 2 diabetes mellitus, hypertension, hypothyroidism, intradialytic 
hypotension. She was status post cholecystectomy. 

On  (Day 6), the patient presented to the hospital with complaints of nausea, 
vomiting and abdominal pain. She was found to have a high-grade, partial small bowel 
obstruction and was admitted to the hospital for treatment with nasogastric tube placement 
and intravenous fluids. The study drug was interrupted. On  (Day 13), her physical 
examination had normalized, and the patient was discharged from the hospital. The patient 
resumed study drug on  (Day 16). 

On  (Day 18), the patient presented to the hospital with complaints of nausea and 
vomiting. She was admitted to the hospital and treated conservatively for a diagnosis of ileus. 
Study drug was interrupted. On  (Day 20), the patient was able to tolerate her 
usual diet and activity and was discharged from the hospital. 

On  (Day 22), the patient presented to the hospital with complaints of nausea, 
vomiting and abdominal pain. She was diagnosed with small bowel obstruction and possible 
perforation of bowel and she was withdrawn from the study. She was treated with nasogastric 
tube placement and nothing by mouth. She deteriorated and was transferred to the intensive 
care unit (ICU) for treatment of “shock.” In ICU, she was treated with central line placement, 
intravenous pressor and continuous renal replacement therapy. She was evaluated by Surgery, 
who opined that she would be a very high-risk, surgical candidate. The family elected to have 
her transferred to a long-term, acute care hospital and, subsequently, to hospice. On  

, the patient expired due to small bowel obstruction, worsening of ESRD and perforation of 
bowel. 

The investigator did not find this death from intestinal obstruction and perforation related to 
the study drug, most likely because the patient’s history of prior abdominal surgery is a known 
risk factor for small intestinal obstruction. It is interesting to note, however, that this was one 
of two episodes of small intestinal obstruction reported in patients on tenapanor (the second 
occurred in the IBS-C group) as compared to none on placebo. It may also be significant 
because other IBS-C drugs, such as linaclotide and lubiprostone, are contraindicated in patients 
with a known history of obstruction. Finally, the occurrence of a perforation, in addition to 
obstruction, is noteworthy because of detection of a small increase in the rate of intra-
abdominal surgical emergencies in IBS-C patients on tenapanor to be discussed below in 
Serious Adverse Events. Because this patient did not undergo surgical intervention or autopsy, 
the cause of her obstruction and perforation will remain unknown. 
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16.1.2. Schedule of Assessments  

Table 57. Adverse Event and Vital Sign Assessments by Treatment Visit, Integrated Safety 
Analysis Set 
Evaluation Screening Treatment Period 
Study Week (s)  0 2 3 4 6 8 12 14 16 20 26 39 
D5612C00001 -2  X  X  X X*  X    
RDX5791-201 -1  X X X* X        
TEN-01-301 -2  X  X  X X X X*    
TEN-01-302 -2  X  X  X X  X X X*  
TEN-01-303        X    X* X* 

* Last dose of study drug 
Source: Reviewer’s table, adapted from Applicant’s Schedules of Assessments, submitted September 12, 2018 
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Table 58. Schedule of Assessments - Study 301 

 

 
Source: Sponsor’s Study Report Pages 29 and 30 of 1530 
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Table 59. Schedule of Assessments - Study 302 

 

 
Source: Sponsor’s Study Report Pages 26 and 27 of 1738 
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16.1.3.  Integrated Safety Set Analyses 

Serious Adverse Events in the Integrated Safety Analysis Set6 

SAEs occurred infrequently in tenapanor-treated patients and overall rates did not differ 
between treatment arms. In total, 18 SAEs occurred in 18/1343 patients (1.3%, 3.9/100 PY) 
receiving tenapanor and 11 SAEs occurred in 8/738 (1.1%, 4.1/100 PY) of patients receiving 
placebo. In this safety population, there was no clear dose-response for SAEs. SAEs were 
reported in 4/134 (3.0%) of patients on 10 mg tenapanor, 1/136 (0.74%) of patients on 30 mg 
tenapanor, 13/1073 (1.2%) of patients receiving tenapanor 100 mg daily, and 8/738 (1.1%) of 
patients on placebo. Of note, interpretation of dose comparisons from integrated analyses is 
potentially limited by differences in duration of follow-up across arms. 

Our analysis revealed that no organ system or preferred term diagnosis was overrepresented 
for SAEs in either treatment group (Table 60 ). Of note, however, four patients on tenapanor 
(0.3%, 0.87/100 PY) had abdominal surgical emergencies (appendicitis, cholecystitis, small 
intestinal obstruction, and endometriosis requiring emergency hysterectomy) as compared to 
one placebo (0.14%, 0.4/100 PY) patient (ovarian vein thrombosis). 

Given that the drug is locally acting with minimal systemic absorption, the Applicant’s assertion 
that the majority of the SAE events are unrelated is reasonable. Gastrointestinal tract AEs due 
to local effect would be anticipated to occur and may potentially be drug related.  

 

                                                      
6 This Analysis Set corresponds to the Reviewer’s Integrated Safety Analysis Set defined in Table 31. It combines 
data from the phase 2 and phase 3 trials conducted in IBS-C patients. 
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Table 60. Serious AEs by Diagnosis and Treatment Group, Integrated Safety Analysis Set 
 Treatment Group 

AE Diagnosis (SOC and PT) 
Tenapanor, N=1343 

456 PY 
Placebo, N=738 

242 PY 
Gastrointestinal Disorders   

Abdominal pain 1(0.07%) 1 (0.14%) 
Diarrhea 1 (0.07%) 0 
Lower gastrointestinal hemorrhage 0 1 (0.14%) 
Nausea  1 (0.07%) 1 (0.14%) 
Small intestinal obstruction 1 (0.07%) 0 
Vomiting 0 1 (0.14%) 

TOTAL SERIOUS GASTROINTESTINAL AEs 4 (0.30%) 
0.87/100 PY 

 

4 (0.55%) 
1.7/100 PY 

Blood and lymphatic system disorders   
Leukocytosis 1 (0.07%) 0 

Ear and labyrinth disorders   
Vertigo 0 1 (0.14%) 

General disorders and administration site 
conditions 

  

Systemic Inflammatory Response 0 1 (0.14%) 
Hepatobiliary disorders   

Cholecystitis 1 (0.07%) 0 
Infections and infestation   

Appendicitis 1 (0.07%) 0 
Osteomyelitis 0 1 (0.14%) 
Pyelonephritis 0 1 (0.14%) 
Urinary tract infection 1 (0.07%) 0 

Injury, poisonings and procedural complications   
Abdominal injury with cervical, vertebral and rib 

fracture 
1 (0.07%) 0 

Musculoskeletal and connective tissue disorders   
Osteoarthritis 1 (0.07%) 0 

Neoplasms, benign, malignant and unspecified   
Laryngeal neoplasm 1 (0.07%) 0 
Pineal tumor 1 (0.07%) 0 

Nervous system disorders   
Migraine 1 (0.07%) 0 
Status migrainosus 1 (0.07%) 0 

Psychiatric disorders   
Alcohol withdrawal 1 (0.07%) 0 
Major depression/panic attack 1 (0.07%) 0 
Panic attack 1 (0.07%) 0 

Reproductive system and breast disorders   
Endometriosis 1 (0.07%) 0 
Ovarian vein thrombosis 0 1 (0.14%) 

Vascular disorders   
Carotid artery occlusion 0 1 (0.14%) 

TOTAL SERIOUS AEs  18 (1.3%) 
3.9/100 PY 

10 (1.4%) 
4.1/100 PY 

Abbreviations: AE, adverse event; PT, preferred term; SOC, system organ class 
Source: Reviewer’s table, adapted from Applicant’s Table 4-15, Integrated Summary of Safety (ISS), p. 142, submitted September 
12, 2018 
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Adverse Events of Severe Intensity in the Integrated Safety Analysis Set 

Adverse events rated as “severe” in intensity occurred at relatively low rates in tenapanor-
treated IBS-C patients; 49/1343 (3.6%, 11/100 PY) of tenapanor-treated patients and 13/738 
(1.8%, 5.4/100 PY) of placebo-treated patients had 58 and 16 severe adverse events, 
respectively. The most common severe AEs were gastrointestinal occurring with a cumulative 
incidence rate of 2.6% (7.7/100 PY) in tenapanor-treated patients and 0.5% (1.7/100 PY) in 
placebo-treated patients (Table 61). Of these, the majority were diarrhea, occurring at a rate of 
1.7% (5.0/100 PY) in tenapanor-treated patients and 0.14% (0.4/100 PY) in placebo-treated 
patients. The gastrointestinal, severe adverse events of diarrhea were judged by the 
investigator (and FDA) to be related to study drug. Severe intensity adverse events in other 
system organ classes were infrequent and occurred in similar proportion between drug and 
placebo arms.  

 

Table 61. Severe AEs by Diagnosis and Treatment, Integrated Safety Analysis Set 

AE Diagnosis (SOC and PT) 

Treatment Group 
Tenapanor 

N=1343 
456 PY 

Placebo 
N=738 

242 PY 
Gastrointestinal Disorders   

Diarrhea 23 (1.7%) 
5/100 PY 

1 (0.14%) 
0.41/100 PY 

Abdominal pain 5 (0.30%) 
1/100 PY 

2 (0.28%) 
0.82/100 PY 

Abdominal distension 3 (0.22%) 
0.66/100 PY 

0 
0/100 PY 

Abdominal hernia 0 
0/100 PY 

1 (0.14%) 
0.41/100 PY 

Nausea 2 (0.15%) 
0.44/100 PY 

0 

Small intestinal obstruction 1 (0.07%) 
0.22/100 PY 

0 

Vomiting 1 (0.07%) 0 
TOTAL SEVERE GASTROINTESTINAL AEs 35 (2.6%) 

7.7/100 PY 
4 (0.54%) 

1.7/100 PY 
General disorders and administration site reactions   

Intolerance to metronidazole 1 (0.07%) 0 
Systemic inflammatory response syndrome 0 1 (0.14%) 

Hepatobiliary disorders   
Cholecystitis 1 (0.07%) 0 

Infections and infestation   
Appendicitis 1 (0.07%) 0 
Osteomyelitis 0 1 (0.14%) 
Pyelonephritis 0 1 (0.14%) 
Tooth abscess 1 (0.07%) 0 
Tooth infection 1 (0.07%)  
Urinary tract infection 0 1 (0.14%) 

Injury, poisonings and procedural complications   
Abdominal injury with cervical, vertebral, and rib fracture 1 (0.07%) 0 
Tooth fracture 1 (0.07%) 0 
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AE Diagnosis (SOC and PT) 

Treatment Group 
Tenapanor 

N=1343 
456 PY 

Placebo 
N=738 

242 PY 
Investigations   

Alanine aminotransferase increased 1 (0.07%)  
Aspartate aminotransferase 1 (0.07%)  
Blood lactate dehydrogenase increased 1 (0.07%)  

Musculoskeletal and connective tissue disorders   
Back pain 1 (0.07%) 0 
Left flank pain 1 (0.07%)  
Lumbar spasm 0 1 (0.14%) 
Osteoarthritis 1 (0.07%) 0 
Rotator cuff syndrome 1 (0.07%) 0 
Sciatica 1 (0.07%) 0 

Neoplasms, benign, malignant and unspecified   
Basal cell carcinoma 0 1 (0.14%) 
Laryngeal neoplasm 1 (0.07%) 0 

Nervous system disorders   
Headache 1 (0.07%) 0 
Migraine 1 (0.07%) 0 

Psychiatric disorders   
Affective disorder 0 1 (0.14%) 
Anxiety 0 1 (0.14%) 
Depression 1 (0.07%) 0 
Panic attack 1 (0.07%) 0 

Renal and urinary system disorders   
Nephrolithiasis 0 1 (0.14%) 

Respiratory and mediastinal disorders   
Chronic obstructive pulmonary disease 0 1 (0.14%) 
Pulmonary embolism 0 1 (0.14%) 
Upper Respiratory Infection 1 (0.07%)  

Reproductive system and breast disorders   
Endometriosis 1 (0.07%) 0 
Ovarian vein thrombosis  1 (0.14%) 

Skin and subcutaneous disorders   
Rash morbilliform 1 (0.07%) 0 

TOTAL SEVERE AEs  58 (4.3%) 
13/100 PY 

16 (2.2%) 
6.6/100 PY 

Abbreviations: AE, adverse event; PT, preferred term; SOC, system organ class 
Source: FDA’s table, adapted from Applicant’s Adverse Event Listings, Studies D5612C00001, RDX5791-201, TEN-01-301, TEN-
01-302, submitted September 12, 2018 
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Additional Analyses of Changes in Liver Enzymes in Integrated Safety Analysis Set 

Table 62. Abnormal Alanine Aminotransferase Shifts From Baseline, Integrated Safety Analysis 
Set 

Highest Postrandomization Value 

Treatment Arm 
Tenapanor  

(N=1532 Patients*) 
456 PY 

Placebo 
(N=848 Patients*) 

242 PY 
Normal ALT at baseline N=1488 patients N=823 patients 

ALT >2X ULN, ≤3X ULN 1 (0.07%) 0 
ALT >3X ULN, ≤5X ULN 2 (0.13%) 0 
ALT >5X ULN, ≤10X ULN 0 0 
ALT >10X ULN, ≤15X ULN 0 0 

Abnormal ALT at baseline^ N=44 patients  N=25 patients 
ALT >2X ULN, ≤3X ULN 5 (11%) 1 (4.0%) 
ALT >3X ULN, ≤5X ULN 0 0 
ALT >5X ULN, ≤10X ULN 0 0 
ALT >10X ULN, ≤15X ULN 0 0 

Total ALT elevation 8 (0.52%) 
1.8/100 PY 

1 (0.11%) 
0.4/100 PY 

* Total number of patients for whom evaluable data was available 
^ includes only patients whose postbaseline value was higher than baseline abnormal. 
Abbreviations: ALT, alanine aminotransferase; ULN, upper limit of normal 
Source: Reviewer’s table, derived from Applicant’s LB STDM data set and ADSL data set, submitted September 12, 2018, analyzed 
with JMP 13.0 software 

 

Table 63. Abnormal Aspartate Aminotransferase Shifts From Baseline, Integrated Safety Analysis 
Set 

Highest Postrandomization Value 

Treatment Arm 
Tenapanor  

(N=1532*) 
456 PY 

Placebo 
(N=848*) 

242 PY 
Normal AST at baseline N=1488 patients N=823 patients 

AST >2X ULN, ≤3X ULN 3 (0.21%) 3 (0.36%) 
AST >3X ULN, ≤5X ULN 3 (0.21%) 0 
AST >5X ULN, ≤10X ULN 0 3 (0.36%) 
AST >10X ULN, ≤15X ULN 0 0 

Abnormal AST at baseline N=44 patients N=25 patients 
AST >2X ULN, ≤3X ULN 6 (14%) 4 (16%) 
AST >3X ULN, ≤5X ULN 1 (2.3%) 0 
AST >5X ULN, ≤10X ULN 2 (4.6%) 0 
AST >10X ULN, ≤15X ULN 0 0 

Total AST elevation 15 (1.0%) 
3.3/100 PY 

10 (1.2%) 
4.1/100 PY 

* Total number of patients for whom evaluable data was available 
Abbreviations: AST, aspartate aminotransferase; ULN, upper limit of normal 
Source: Reviewer’s table, derived from Applicant’s LB STDM data set and ADSL data set, submitted September 12, 2018, analyzed 
with JMP 13.0 software 
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Table 64. Abnormal Total Bilirubin Shifts From Baseline, Integrated Safety Analysis Set 

Highest Postrandomization Value 

Treatment Arm 
Tenapanor  

(N=1532*) 
456 PY 

Placebo 
(N=848*) 

242 PY 
Normal BILI at baseline N=1488 N=832 

BILI >2X ULN, ≤3X ULN 1 (0.07%) 0 
BILI >3X ULN, ≤5X ULN 0 0 
BILI >5X ULN, ≤10X ULN 0 0 
BILI >10X ULN, ≤15X ULN 0 0 

Abnormal BILI at baseline   
BILI >2X ULN, ≤3X ULN 0 0 
BILI >3X ULN, ≤5X ULN 0 0 
BILI >5X ULN, ≤10X ULN 0 0 
BILI >10X ULN, ≤15X ULN 0 0 

Total BILI elevation 1 (0.07%) 
2.2/100 PY 

0 
0/100 PY 

* Total number of patients for whom evaluable data was available. 
Abbreviations: BILI, bilirubin; ULN, upper limit of normal 
Source: FDA’s table, derived from Applicant’s Lb STDM data set and ADSL data set, submitted September 12, 2018, analyzed with 
JMP 13.0 software 

 

Additional Analyses of Hyperkalemia in the Integrated Safety Analysis Set 

Table 65. Abnormal Total Potassium Shifts From Baseline, Integrated Safety Analysis Set 

Degree of Shift and Baseline Level 

Treatment Arm 

CTCAE Grade 

Tenapanor  
(N=1333*) 

456 PY 

Placebo 
(N=864*) 

242 PY  
Highest postrandomization value (normal at beginning of study) 

K >7 (~1.4 ULN) 1 (0.07%) 1 (0.12%) 4 
K >6 (~1.2 ULN) ≤7 8 (0.60%) 2 (0.23%) 3 
K >5.5 (~1.1 ULN) ≤6 15 (1.1%) 7 (0.81%) 2 
K>5.0 ≤5.5 69 (5.2%) 49 (5.7%) 1 

Highest postrandomization value (high at beginning of study) 
K >7 0 0 4 
K >6, ≤7 0 (0%) 1 (0.12%) 3 
K >5.5, ≤6 1 (0.07%) 2 (0.23%) 2 
K >5.0, ≤5.5 6 (0.45%) 3 (0.35%) 1 

Total K elevation (>5.5), all patients 25 (1.9%) 
5.5/100 PY 

13 (1.5%) 
5.4/100 PY 

All 

Total K elevation (>5), all patients 100 (7.5%) 
22/100 PY 

65 (7.5%) 
27/100 PY 

All 

* Denominator represents all patients in whom a postbaseline K was obtained. 
Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; K, potassium; ULN, upper limit of normal 
Source: Reviewer’s table, derived from Applicant’s LB STDM data set and ADSL data set, submitted September 12, 2018, analyzed 
with JMP 13.0 software 

 
 
Additional Analyses of Adverse Event rates by Demographic Subgroups
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Table 66. SAEs and Severe AEs by Treatment Arm and Demographic Group within Integrated Safety Analysis Set 

No. of 
Patients 
and 
Exposure 

Safety 
Population 

on 
Tenapanor 

N=1343 
456 PY 

Safety 
Population 

on 
Placebo 

N=738 
242 PY 

SAEs on 
Tenapanor 

SAEs on  
Placebo 

SAE Risk Difference 
(% and incidence 

rates, 95% CI) 
Severe AEs 

on Tenapanor 
Severe AEs 
on Placebo  

Severe AE Risk 
Difference (% and 
incidence rates, 

95% CI) 
Sex         

Male 227 
82 PY 

124 
41 PY 

4 (1.8%) 
4.9/100 PY 

0 (0%) 
0/100 PY 

1.8 
[-0.2,3.8] 

4.9/100 PY 

5 (2.2%) 
6.1/100 PY 

0 (0%) 
0/100 PY 

2.2 
[-0.8,5.2] 

6.1/100 PY 
Female 1116 

374 PY 
614 

201 PY 
14 (1.3%) 

3.7/100 PY 
8 (1.3%) 

4.0/100 PY 
0 

-0.3/100 PY 
45 (4.0%) 

12/100 PY 
13 (2.1%) 

6.5/100 PY 
1.9 

[-0.1,3.9] 
5.5/100 PY 

Age           
≤65 1251 

414 PY 
683 

223 PY 
16 (1.3%) 

3.9/100 PY 
7 (1.0%) 

3.1/100 PY 
0.3 

[-0.7,1.3] 
0.8/100 PY 

44 (3.5%) 
11/100 PY 

13 (1.9%) 
5.8/100 PY 

1.6 
[0.6,2.6] 

5.2/100 PY 
>65 92 

43 PY 
55 

19 PY 
2 (2.2%) 

4.7/100 PY 
1 (1.8%) 

5.3/100 PY 
0.4 

[-4.6,5.4] 
-0.6/100 PY 

6 (6.5%) 
14/100 PY 

0 (0%) 
0/100 PY 

6.5 
[-2.5,14.5] 
14/100 PY 

Race          
White 916 

309 PY 
479 

153 PY 
15 (1.6%) 

4.9/100 PY  
4 (0.8%) 

2.6/100 PY 
0.8 

[-0.2,1.8] 
2.3/100 PY 

38 (4.1%) 
12/100 PY  

11 (2.2%) 
7.2/100 PY 

1.9 
[-0.2,3.9] 

4.8/100 PY 
Black 371 

130 PY 
226 

78 PY 
2 (0.53%) 

1.5/100 PY  
4 (1.8%) 

5.1/100 PY 
-1.3 

[-3.3,0.7] 
-3.6/100 PY 

12 (3.2%) 
9.2/100 PY  

2 (0.88%) 
2.6/100 PY 

2.3 
[-0.7,5.3] 

6.6/100 PY 
Asian 33 

10 PY 
15 

6.1 PY 
0 (0%) 

0/100 PY 
0 (0%) 

0/100 PY 
0 

0/100 PY 
0 (0%) 

0/100 PY 
0 (0%) 

0/100 PY 
0 

0/100 PY 
Native 
American, 
Hawaiian 

3 
1.3 PY 

2 
0.62 PY 

0 (0%) 
0/100 PY 

0 (0%) 
0/100 PY 

0 
0/100 PY 

0 (0%) 
0/100 PY 

0 (0%) 
0/100 PY 

0 
0/100 PY 

Other, 
multiple, 
unknown 

20 
6 PY 

16 
5.2 PY 

1 (5%) 
17/100 PY  

0 (0%) 
0/100 PY 

5 
[-5,15] 

17/100 PY 

0 (0%) 
0/100 PY 

0 (0%) 
0/100 PY 

0 
0/100 PY 

Abbreviations: AE, adverse event; SAE, serious adverse event; TEAE, treatment-emergent adverse event 
Source: Reviewer’s table, derived from Applicant’s ADSL and AE data files for Studies, D5612C0001, RDX-5792-201,TEN-01-301, TEN-01-302, TEN-01-303, submitted September 
12, 2018 
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Table 67. Demographics of Patients with Rates of Any TEAEs and Diarrhea by Treatment Arm (Integrated Safety Analysis Set) 

No. of 
Patients and 
Exposure 

Safety 
Population 

on 
Tenapanor 

N=1343 
456 PY 

Safety 
Population 
on Placebo 

N=738 
242 PY 

TEAEs on 
Tenapanor 

TEAEs on 
Placebo 

TEAE Risk Difference 
Placebo/ 

Tenapanor (% and 
Incidence Rates 

[95% CI]) 

Diarrhea 
on 

Tenapnaor 

Diarrhea 
on 

Placebo 

Diarrhea Risk 
Difference 
Placebo/ 

Tenapanor (% and 
incidence 

rates,95% CI) 
Sex            

Male 227 
82 PY 

124 
41 PY 

80 (35%) 
98/100 PY 

32 (26%) 
78/100 PY 

9 
[-1,19] 

20/100 PY 

21 (9.2%) 
26/100 PY 

 0 (0%) 
0/100 PY 

9.2 
[3.2,15] 

26/100 PY 
Female 1116 

374 PY 
614 

201 PY 
529 (47%) 

141/100 PY 
230 (37%) 

114/100 PY 
10 

[5,15] 
27/100 PY 

161 (14%) 
43/100 PY 

 17 (2.8%) 
8.5/100 

PY 

11 
[8,14] 

34/100 PY 
Age            

≤65 1251 
414 PY 

683 
223 PY 

556 (44%) 
134/100 PY 

246 (36%) 
110/100 PY 

8 
[3,13] 

24/100 PY 

166 (13%) 
40/100 PY 

17 (2.5%) 
7.6/100 

PY 
 

10 
[7,13] 

32/100 PY 

>65 92 
43 PY 

55 
19 PY 

53 (58%) 
123/100 PY 

16 (29%) 
84/100 PY 

29 
[13,45] 

39/100 PY 

16 (17%) 
37/100 PY 

0 (0%) 
0/100 PY 

17 
[4,30] 

37/100 PY 
Race            

White 916 
309 PY 

479 
153 PY 

429 (47%) 
139/100 PY 

169 (35%) 
110/100 PY 

12 
[7,17] 

29/100 PY 

143 (16%) 
46/100 PY 

 11 (2.2%) 
7.2/100 

PY 

14 
[10,18] 

39/100 PY 
Black 371 

130 PY 
226 

78 PY 
158 (43%) 

122/100 PY 
81 (36%) 

104/100 PY 
7 

[-1,15] 
18/100 PY 

35 (9.7%) 
27/100 PY 

 5 (2.2%) 
6.4/100 

PY 

7 
[2,12] 

21/100 PY 
Asian 33 

10 PY 
15 

6.1 PY 
10 (30%) 

100/100 PY 
6 (40%) 

98/100 PY  
-10 

[-39,29] 
2/100 PY 

2 (6.1%) 
20/100 PY 

 1 (6.2%) 
16/100 PY 

0.1 
[-7.9,8.1] 
4/100 PY 

Native 
American, 
Hawaiian 

3 
1.3 PY 

 

2 
0.62 PY 

1 (33% 
77/100/PY 

0 (0%) 
0/100 PY 

33 
[-20,86] 

77/100 PY 

0 (0%) 
0/100 PY 

 0 (0%) 
0/100 PY 

0 
0/100 PY 

Other, 
multiple, 
unknown 

20 
6 PY 

16 
5.2 PY 

11 (55%) 
183/100 PY 

6 (37.5%) 
115/100 PY 

17 
[-15,49] 

68/100 PY 

2 (10%) 
33/100 PY 

 0 (0%) 
0/100 PY 

10 
[-10,30] 

33/100 PY 
Abbreviations: AE, adverse event; SAE, serious adverse event; TEAE, treatment-emergent adverse event 
Source: Reviewer’s table, derived from Applicant’s ADSL and AE data files for Studies, D5612C0001, RDX-5792-201,TEN-01-301, TEN-01-302, TEN-01-303, submitted September 
12, 2018  
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16.2. Nonclinical Pharmacology/Toxicology Appendices 

Pharmacology 
Study: Gastrointestinal Propulsion Assay of Orally Administered RDX5791 in the Rat (Study # 
RDX5791-SP-04) 

RDX5791 was administered to male SD rats orally at dose levels of 0, 100, 300 or 1000 mg/kg. 
Thirty minutes following the test article or vehicle administration, 10% suspension of activated 
charcoal (in 0.25% methylcellulose) was administered orally (10 mL/kg). The rats were 
euthanized 30 minutes after administration of charcoal, and the intestines removed and placed 
on a moist paper. The length of the intestine and the distance traveled by the charcoal as a 
fraction of that length were evaluated for each rat. The result showed that oral administration 
of RDX5791 at 100, 300, and 1000 mg/kg increased the gastrointestinal motility by 0%, 3%, and 
2%, respectively, compared to the vehicle control group. However, these changes were not 
statistically significant. 

Study: A Pharmacodynamic Study of RDX5791 in Cynomolgus Monkeys (Study # RDX5791-EF-
06-00) 

RDX5791 was administered orally to Cynomolgus monkeys at a dose level of 50 mg/kg BID for 5 
days. In a second phase, after a weeklong washout period, animals were orally administered 
RDX5791 at 150 mg/kg BID for 5 days. Urinary and fecal sodium (Na+) and potassium (K+) were 
determined in samples collected throughout the study period. Soft feces and reduced urinary 
Na were observed at both doses. 

Study: The Effect of RDX5791 on Acute Stress-Induced Visceral Hypersensitivity in Female 
Rats: A Model of IBS-C (Study # RDX5791-EF -05) 

The aim of the study was to evaluate the influence of RDX5791 on colorectal sensitivity in basal 
condition and in stress-induced visceral hyperalgesia in rats. Six groups of eight to 10 female 
Wister rats were surgically prepared for electromyography of abdominal cramps in response to 
colorectal distension. Colorectal distension (CRD) was performed with a balloon inflated for 5 
minutes from 0 to 60 mm Hg. Rats were assessed to CRD, 1 day before (basal condition) and 15 
minutes after a 2-hour stress session. Rats were treated with either RDX5791 (3, 10, 30, and 50 
mg/kg orally) or vehicle (1 mL orally) 1 hour before distension. In basal condition, RDX5791 at 
all doses (3, 10, 30 and 50 mg/kg) had no effect on colorectal sensitivity or changes in intestinal 
volumes induced by CRD in comparison to vehicle treated rats. However, after stress, RDX5791 
at 30 and 50 mg/kg doses were able to reduce or abolish stress-induced abdominal responses 
at all distended pressures. Rats at the two lowest doses (3 and 10 mg/kg) had no significant 
effect. RDX5791 at 30 and 50 mg/kg was able to reduce stress-induced colorectal 
hypersensitivity to CRD. 
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Study: Tenapanor in a Mouse Model of Opioid-Induced Constipation (Study # RDX5791-EF-
14.00) 

The effect of RDX5791 was determined on opioid-induced constipation in mice following 
administration of a 5% charcoal suspension. Five minutes after charcoal administration, 
morphine (5 mg/kg) was administered subcutaneously and RDX5791 (10 mg/kg) or vehicle was 
co-administered orally. Animals were sacrificed 120 minutes after charcoal administration, the 
intestines removed, and the length of the gut (small intestine and large intestine) in cm as well 
as extent of charcoal movement from the pylorus to the beginning of the charcoal column in cm 
was measured. Oral administration of RDX5791 showed a significant effect on gastrointestinal 
motility in morphine-treated mice. 

Study: Tenapanor Reduces Irritable Bowel Syndrome (IBS) Pain Through Inhibition of TRPV1-
Dependent Neuronal Hyperexcitability In Vivo (Study # 1920IBS) 

A neonatal colorectal irritation model of IBS-like colonic hypersensitivity was generated by 
intracolonic infusion of 0.5% acetic acid (200 μL) in 10-day old SD rats. Non-sensitized controls 
received 0.5% saline. Sensitized rats were treated either with the vehicle or tenapanor (0.5 
mg/kg), and the nonsensitized controls were treated with vehicle for 7 days. A laxative control 
group of sensitized rats received PEG 3350 (1000 mg/kg) twice daily. Stools were collected for 
5h on the last day of treatment, and wet and dry stool weights were measured to calculate 
stool water content. Visceral motor reflex (VMR) response to colorectal distension was 
assessed by electromyogram 1 day after end of the treatment. The VMR to CRD was recorded 
at 20, 40, 60, and 80 mm Hg pressure applied to the balloon. Colon-specific dorsal root ganglia 
sensory neurons of adult sensitized rats and nonsensitized controls were labeled in vivo by 
injecting FAST DiI (1,1'-dilinoleyl-3,3,3',3'-tetramethylindocarbocyanine perchlorate), 10 mg/mL 
in methanol. The excitability and capsaicin response of DiI-positive dorsal root ganglia neurons 
were assessed by single cell patch clamp assay. 

Tenapanor-treated sensitized rats had significantly increased wet and dry stool weights 
compared with vehicle- and PEG-treated sensitized rats and vehicle-treated nonsensitized 
controls. Stool water content was significantly higher in tenapanor-treated sensitized rats 
compared with vehicle-treated sensitized rats and vehicle-treated nonsensitized controls. 
Tenapanor treatment in sensitized rats significantly reduced VMR responses to CRD compared 
with vehicle-treated-sensitized rats. Treatment with tenapanor resulted in similar VMR 
responses to CRD in vehicle-treated nonsensitized controls, suggesting that tenapanor prevents 
visceral hyperalgesia. Tenapanor treatment significantly reduced the hyperexcitability of colon-
specific dorsal root ganglia compared with vehicle treatment in sensitized rats, but had no 
effect in nonsensitized controls. 

Study: Cross-Species Analysis of Intestinal NHE3 and ENaC Gene Expression (Study # 
RDX5791-EF-15) 

The aim of this study was to determine the baseline gene expression levels of NHE3 (SLC9A3) 
and ENaC (epithelial sodium channel; SCNN1A, SCNN1B, SCNN1G) in the intestines of the rat, 
dog, and human to find if the differences in gene expression could explain the differences in the 
tolerability of tenapanor. Rats are highly susceptible to intestinal fluid retention and diarrhea, 
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and have less tolerability to repeated doses of tenapanor than dogs (rat NOAEL: <30 mg/kg/day 
from a 28-day study and 3 and 10 mg/kg /day for male and female from 6-month study; dog 
NOAEL: 1000 mg/kg/day from 28-day and 9-month studies). SLC9A3 (NHE3) expression was 
observed along the entire intestinal tract in the rat, dog, and human. NHE3 expression levels 
were similar across all three species throughout the intestine with a few segment specific 
differences noted. For example, rats had higher expression of NHE3 in the proximal colon 
relative to dogs and humans, while dogs had lower expression in the duodenum relative to 
humans. Rats had higher relative NHE3 expression in all intestinal segments other than the 
distal colon relative to dogs. ENaC expression was lowest in the dog colon compared to human 
and rat. Since higher levels of functional ENaC would help drive sodium and water absorption, 
ENaC expression differences are unlikely to explain the improved tenapanor tolerability in dogs 
relative to rats. 

Safety Pharmacology 

Study: Neuropharmacological Profile (NPP) of RDX5791 in Rats (Study # RDX5791-SP-02) 

RDX5791 was administered orally to three groups of SD rats (n=10) at dose levels of 0, 100, 300, 
or 1000 mg/kg. The rats were observed at 15, 30, and 45 minutes, 1, 2, 3, 4, and 24 hours 
following dosing. The following parameters were recorded: seizures/convulsions, startled 
response, irritability, decreased grip strength, motor activity, abnormal posture, excretion, 
piloerection, pupil size, corneal reflex, awareness reaction, vocalization, decreased abdominal 
tone, body tremors, immobility, ataxia, decreased respiration, nociceptive response, and pinnal 
reflex. Body temperatures were recorded at 60 minutes following dose administration. Oral 
administration of RDX5791 at 0, 100, 300, and 1000 mg/kg did not cause any apparent 
neuropharmacological or toxicological signs. Body temperature was not affected by RDX5791 at 
100, or 300 mg/kg. However, at 1000 mg/kg, a slight decrease in body temperature (38°C) at 60 
minutes following dosing was noticed, compared to control (38.49°C). 

Study: Evaluation of Respiratory Function of RDX5791 Following Single-Dose Oral 
Administration in Sprague Dawley Rats (Study # RDX5791-SP-03) 

RDX5791 was administered orally to rats at dose levels of 0, 100, 300, and 1000 mg/kg. 
Respiratory parameters were recorded at 15 minutes and 1, 2, 4, and 6 hours after the 
administration of RDX5791. Oral administration of RDX5791 at 100 and 1000 mg/kg did not 
cause any statistically significant changes in respiratory rate, tidal volume or minute volume 
compared to predose values or to the vehicle control group at any time points. Compared to 
the predose values, statistically significant reduction in respiratory rate was observed at 15 
minutes and 2, 4, and 6 hours following the oral administration of 300 mg/kg. Similarly, a 
statistically significant increase in tidal volume was observed at 2 and 6 hours at the same dose 
level of RDX5791 when compared with predose values. However, there were no statistically 
significant differences in respiratory rate or tidal volume when compared to the vehicle control 
group at the respective time points and the effects was not dose-dependent. Minute volume 
was not affected by the 300 mg/kg dose of RDX5791. 
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ADME/PK 

Table 68. Absorption, Distribution, Metabolism, and Excretion Study Findings 
Type of Study Major Findings 
Absorption  
Determination of RDX5791 
plasma levels after a single 
oral dose in Sprague- 
Dawley rats (Study Number 
# RDX5791-PK-03 and 
RDX5791-PK-04) 

RDX5791 was administered at a single oral dose to male Sprague-
Dawley rats via oral gavage at 1, 10 or 30 mg/kg. Most of the plasma 
samples were found to be below the quantifiable limit (0.5 ng/mL to 2 
ng/mL). The results indicate that bioavailability of RDX5791 is minimal.  

Single oral dose PK study 
of RDX5791 in dogs (Study 
Number # RDX5791-PK-05) 

RDX5791 was administered at a single oral dose to overnight fasted 
beagle dogs at dose levels of 1 or 10 mg/kg. Most of the plasma samples 
were found to be below the quantifiable limit of 0.5 ng/mL. As a result, PK 
analysis was not conducted. This indicates that RDX5791 exhibits 
minimal bioavailability in fasted dogs. 

Single dose PK study of 
AZ13792925 (Study 
Number # RDX5791-M1-02) 

AZ13792925 (major tenapanor metabolite) was administered at a single 
dose to C57BL/6 male mice via oral gavage at 100 or 300 mg/kg. 
AZ13792925 was rapidly absorbed following oral administration. Tmax was 
0.5 hour for the 100 mg/kg dose and 2 hours for the 300 mg/kg dose. 
Cmax was 41,063 and 85,419 ng/mL and AUC0-24h was 104,819 and 
801,778 ng.h/mL for the 100 and 300 mg/kg doses, respectively. For the 
100 mg/kg group, the half-life (T1/2) was 1.29 hours. Plasma 
concentrations of AZ13792925 remained high 24 hours after dosing in the 
300 mg/kg group (>10 μg/mL), thus a T1/2 could not be calculated for the 
300 mg/kg group. 

Single and multiple dose PK 
of tenapanor and 
AZ13792925 in Sprague 
Dawley rats (Study Number 
# RDX5791-M1-05) 

Male and female SD rats were administered tenapanor (5 or 10 
mg/kg/day) or tenapanor metabolite (AZ13792925: 5 or 30 mg/kg/day) by 
oral gavage once daily for 4 consecutive days. Blood samples were 
collected from the animals at predetermined time points over 24 hours 
after the first and fourth doses. Following a single or four-consecutive oral 
doses of tenapanor to male and female rats at 5 or 10 mg/kg, plasma 
concentrations of tenapanor were below the quantification limit (BQL) 
(<0.500 ng/mL) in all samples. Following the first dose of 5 or 10 mg/kg 
tenapanor to rats, the mean Cmax values of AZ13792925 (metabolite) for 
females were 7.63 and 9.05 ng/mL and in males, 2.04 and 4.13 ng/mL at 
the respective doses. The median Tmax was 8.00 hours in females and 
1.00 hours in males at both dose levels. The corresponding mean AUClast 
values for AZ13792925 were 117 and 150 ng·h/mL in females and 27.0 
and 45.3 ng·h/mL in males. Following a single or four consecutive oral 
doses of AZ13792925 to male and female rats at 5 or 30 mg/kg/day, 
plasma concentrations of AZ13792925 were s high in males and females. 
Following the first oral dose of 5 or 30 mg/kg AZ13792925 to rats, the 
mean Cmax values for females in the 5 and 30 mg/kg groups were 2300 
and 13200 ng/mL and in males, 1620 and 9880 ng/mL at the respective 
doses. The median Tmax was 1.00 hour in females and 0.500 to 1.00 
hours in males at both dose levels. The corresponding mean AUClast 
values for AZ13792925 were 15400 and 122000 ng·h/mL in females and 
9490 and 66100 ng·h/mL in males. 

(continued below) 
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Type of Study Major Findings 
Single and multiple dose PK 
of tenapanor and 
AZ13792925 in Sprague 
Dawley rats (Study Number 
# RDX5791-M1-05). 

(continued) 

Following 4 consecutive days daily oral dosing of 5 or 30 mg/kg/day 
AZ13792925 to rats, the mean Cmax values for females in the 5 and 30 
mg/kg groups were 2520 and 17800 ng/mL and in males, 2550 and 
12500 ng/mL at the respective doses. The corresponding mean AUClast 
values at 5 or 30 mg/kg for AZ13792925 were 18600 and 176000 
ng.h/mL in females and 11200 and 116000 ng·h/mL in males, 
respectively. The median Tmax ranged from 0.500 to 1.25 hours in females 
and 0.250 to 0.500 hours in males at both dose levels. 

Distribution  
Absorption, distribution, 
excretion, and PK of 14C-
RDX5791 following oral 
administration to rats (Study 
Number # RDX5791-PK-
10). 

Radiolabeled RDX5791 was administered to male SD rats at a single oral 
dose of 0.3 mg/kg (27.6 to 27.8 μCi/kg) or 1 mg/kg (90.7 to 94.2 μCi/kg). 
An oral dose of 1 mg/kg was also administered to Long Evans male rats. 
Following a single, 1 mg/kg oral dose to male SD rats, the mean 
maximum concentrations of radioactivity in the blood and plasma were 
4.94 and 5.62 ng eq/g at 4 and 8 hours postdose, respectively. By 24 
hours postdose (Tlast), mean concentrations of radioactivity in blood and 
plasma declined to 0.477 and 0.343 ng eq/g, respectively. In both rats, 
the bulk of 14C-RDX5791 detected in the gastrointestinal (GI) tract 
throughout the time course of this study. Very low levels of radioactivity 
were detected in urine at 2 and 4 hours postdose in Long Evans rats and 
at 2 through 24 hours postdose in SD rats. Tissues containing 
radioactivity common to both rat strains were cecum, esophagus, kidney, 
large intestine, liver, lungs, small intestine, spleen, and stomach. 
Excluding the uveal tract in the Long Evans rat, radioactivity 
concentrations in tissues of both rat strains were measurable only in the 
liver and GI tract at 24 hours postdose. For Long Evans rats, radioactivity 
concentrations were below measurable levels in most tissues by 72 hours 
postdose except for uveal tract. By 168 hours postdose, radioactivity 
concentrations in uveal tract declined below measurable levels. For SD 
male rats, radioactivity concentrations were below measurable levels in 
all tissues by 48 hours postdose. No metabolites were detected in feces 
and approximately 98% of the administered dose was unchanged 14C-
RDX5791, indicating that that no substantial metabolism of 14C-RDX5791 
occurred. 

The determination of the in 
vitro binding of AZD1722 to 
plasma proteins in the 
mouse, rat, rabbit, dog and 
human (Study # RDX5791-
PK-07 and ADME-AZS-
Wave4-130110). 

Pooled mouse, rat, rabbit, dog and human plasma samples were 
incubated with RDX5791 (AZD1722) at concentrations of 1µM and 
100μM RDX5791 was highly bound (>99%) to mouse, rat, rabbit, dog and 
human plasma. The percentage of unbound drug at the concentration of 
100μM RDX5791 (AZD1722) was <0.00100 for the mouse, 0.00701 for 
the rat, 0.00748 for the rabbit, 0.00313 for the dog, 0.00300 for the 
human. The percentage of RDX5791 bound to human, rat and dog 
plasma at 1µM concentration was 97.8, 99.9 and 100%, respectively. 

The determination of the in 
vitro binding of AZ13792925 
to plasma proteins in the 
mouse, rat, rabbit, dog and 
human (Study number # 
ADME-AZS-Wave4-
150318). 

Pooled mouse, rat, rabbit, dog and human plasma were incubated with 
AZ13792925 (tenapanor metabolite) at concentrations of 0.01, 0.1, 1 and 
10 μmol/L. AZ13792925 was highly bound to mouse, rat, rabbit, dog and 
human plasma. The average percentage of unbound compound over the 
range 0.01 to 10 μmol/L was found to be 4.73% in the rabbit, 5.16% in the 
dog and 3.27% in the human. The percentage of unbound compound was 
concentration dependent, ranging from 2.53% at 1 μmol/L to 4.52% at 10 
μmol/L for the mouse, and from 2.07% at 1 μmol/L to 2.91% at 10 μmol/L 
for the rat. 
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Type of Study Major Findings 
The determination of the in 
vitro blood partition of 
AZ13792925 in human 
whole blood (Study # 
Numbers ADME-AZS-
Wave3-150331 and ADME-
ADX-170704-BP) 

The objective of this study was to determine the blood to plasma ratio of 
AZ13792925 in human whole blood. Fresh whole blood from healthy 
volunteers or plasma were isolated and incubated with 0.03, 0.1, 0.3, 1, 3, 
and 10μM of AZ13792925 (major metabolite). The blood to plasma 
partition ratio (Kb/p) of AZ13792925 was assessed in triplicate by 
measuring the concentrations in plasma and whole blood samples. The 
Kb/p values at 0.03, 0.1, 0.3, 1, 3, and 10μM of AZ13792925 in human 
whole blood were 5.21, 5.87, 5.13, 5.33, 5.66, and 16.7, respectively, 
indicating AZ13792925 has the potential to distribute to blood cells. 

Metabolism  
Stability of RDX5791 in 
simulated gastric and 
intestinal fluids (Study 
Number # RDX5791-PK-01) 

Simulated gastric fluid (SGF, without pepsin) and simulated intestinal fluid 
(SIF, without pancreatin) were incubated with 1µM of RDX5791 
containing 3 mg/mL of pepsin and pancreatin, respectively. No significant 
reduction in the levels of RDX5791 was observed in simulated gastric or 
intestinal fluids following incubation for 3-hour to 6 days. 

Metabolic stability and 
preliminary identification of 
RDX5791 metabolites 
analysis using in vitro model 
of rat, dog and human 
metabolism (Study Number 
# RDX5791-PK-06). 

Rat, human, or dog liver microsomes (protein concentration 0.5 mg/mL) 
were incubated with 1µM of RDX5791. For metabolite identification, rat, 
human, or dog liver microsomes (protein concentration 1 mg/mL) were 
incubated with 20µM RDX5791. Incubations were initiated by adding 
2mM NADPH. Negative control samples were spiked with water in place 
of NADPH. RDX5791 was metabolized in human, rat and dog liver 
microsomes. The intrinsic clearance (CLint) values of RDX5791 in 
microsomes from human, rat and dog were 1018, 298 and 947 µL/min/mg 
protein, respectively. RDX5791 appears to be metabolized into many 
minor metabolites. The most prevalent human metabolites were M1 - M5. 
The five most abundant human metabolites were also observed in rat and 
dog microsomes. No single metabolite exceeded 5% of the parent drug in 
any species. 

Determination of the human 
cytochrome P450 enzymes 
involved in the metabolism 
of AZD1722 (AZ13667691) 
(Study Number # ADME-
AZS- Wave3 [CYP isoform 
ID]-150527). 

The aim of this study was to investigate the metabolism of AZD1722 
(tenapanor) by 10 heterologously expressed human cytochrome P450 
(CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, 
CYP2E1, CYP3A4 and CYP3A5). AZD1722 was incubated with P450 at 
concentration of 2 μmol/L for a period of 25 minutes. The concentration of 
CYP Protein was 100 pmol/mL. Tenapanor was metabolized to 56.8% 
and 39.8% by CYP3A4 and CYP3A5, respectively. CYP1A2, CYP2A6, 
CYP2B6, CYP2C8, CYP2C9, CYP2C19 and CYP2D6 were weakly 
involved in the metabolism of tenapanor, accounting for 0.301%, 
0.0450%, 0.0113%, 2.19%, 0.308%, 0.225% and 0.358%, respectively. 
CYP2E1 was not shown to metabolize tenapanor. CYP2C8, CYP2C9, 
CYP2C19, CYP2D6, CYP3A4 and CYP3A5 were found to be involved in 
the formation of AZ13792925 (M1; major tenapanor metabolite). The 
AZ13792925 formation velocity was the highest with CYP3A4 and 
CYP3A5 (339 and 245 pmol/min/nmol CYP after 5 minutes of incubation, 
respectively). 
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Type of Study Major Findings 
In vitro stability of 
AZ13792925 in mouse, rat, 
and human liver 
microsomes (Study Number 
# RDX5791-M1-08) 

The objective of this study was to evaluate the metabolic stability of 
AZ13792925 (tenapanor metabolite) in mouse, rat, and human liver 
microsomes. AZ13792925 was incubated at 1μM in mouse liver 
microsomes (MLM), rat liver microsomes (RLM), or human liver 
microsomes (HLM) with NADPH. Reactions were quenched at 0, 2, 4, 6, 
10, 20, and 30 minutes and AZ13792925 levels were measured by 
HPLC-MS/MS. The mean intrinsic clearance (CLint) values of 
AZ13792925 in MLM, RLM, and HLM were 361, 68.2, and 16.3 
μL/min/mg protein. The corresponding mean half-life (T1/2) values of 
AZ13792925 were 3.84, 20.4, and 91.5 minutes. The results showed that 
AZ13792925 was unstable in MLM and RLM, but was relatively more 
stable in HLM, indicating that AZ13792925 can potentially be metabolized 
in the liver in all three species, but may have relatively lower clearance by 
the human liver. 

Excretion  
Quantitative determination 
of RDX5791 levels in a 72-
hour collection of feces after 
a single dose in Sprague-
Dawley rats (Study Number 
# RDX5791-PK-02) 

RDX5791 was administered to male SD rats at a dose level of 0.1 mg/kg 
and feces were collected from 0-72 hours after dosing. The levels of 
RDX5791 in feces were quantitatively determined using LC-MS/MS. The 
mean overall recovery of RDX5791 in the 72-hour fecal sample was 
92.2±1.6%. 

Absorption, distribution, 
excretion, and PK of 14C-
RDX5791 following oral 
administration to rats (Study 
Number # RDX5791-PK-10) 

Radiolabeled RDX5791 was administered to male SD rats at a single oral 
dose of 0.3 (27.6 to 27.8 μCi/kg) or 1 mg/kg (90.7 to 94.2 μCi/kg). 
Excretion and mass balance of the administered radioactivity were 
assessed by analyzing the urine and feces up to 168 hours postdose, and 
in bile, urine, and feces collected through 120 hours postdose in bile duct 
cannulated (BDC) rats. Radioactivity was eliminated predominantly via 
fecal excretion, with 122% and 95.3% of the administered radioactivity 
recovered from intact and BDC male rats, respectively. The bulk of the 
radioactivity was recovered within the first 24 hours after the dose 
administration. Urinary excretion was minimal, accounting for 0.335% and 
1.78% of the total radioactivity in intact and BDC rats, respectively. 

TK data from general 
toxicology studies 
A 6-month oral (Gavage) 
toxicity study of AZD1722 in 
Sprague Dawley rats with 
male fertility evaluation 
(Study # -775030) 

Rat 
Cmax (Week 4; M/F) 

1 mg/kg/day: BQL at all time points (0.5, 1, 2, 4, 8, and 24h) for both 
sexes; females at 1h: 0.333 ng/mL 

3 mg/kg/day: BQL at all time points for both sexes 
10 mg/kg/day: Male- BQL at 0.5, 2, 4, 8, and 24h and 0.423 ng/mL at 

1h; Female-BQL at 1, 2, 4, 8, and 24 h and 1.78 ng/mL at 0.5h 
Cmax (Week 26; M/F) 

1 mg/kg/day: Male-BQL at 4, 8, and 24h and 0.440, 0.860, and 0.290 
ng/mL at 0.5, 1, and 2h, respectively; Female- BQL at all time points 
(0.5, 1, 2, 4, 8, and 24h). 

3 mg/kg/day: BQL at all time points (0.5, 1, 2, 4, 8, and 24h) for both 
sexes 

10 mg/kg/day: Male-BQL at 1h and 25.4, 0.490, 7.40, 0.850, and 0.353 
ng/mL at 0.5, 2, 4, 8, and 24h, respectively; Female- BQL at all time 
points (0.5, 1, 2, 4, 8, and 24h). 
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Type of Study Major Findings 
A 9-month oral (Capsule) 
toxicity study of AZD1722 in 
beagle dogs (Study # -
775031). 

Dog 
Cmax (Week 4 and Week 38; M/F) 

 
 

TK data from reproductive 
toxicology studies 
An oral (gavage) study of 
the effects 0f RDX5791 on 
embryo/fetal development 
in rats (Study # -775024 
[RDX5791-TX-14]). 

Rat 
Cmax (Day 6; F) 

1 mg/kg/day: BQL 
10 mg/kg/day: BQL; one animal with 4.84 ng/mL at 8 hours 
30 mg/kg/day: BQL; one animals at each time point of 2, 8, and 24 

hours with values of 2.92, 8.17, and 0.66 ng/mL, respectively. 
Cmax (Day 17; M/F) 

1 mg/kg/day: BQL; one animal with 3.75 ng/mL at 4 hours 
10 mg/kg/day: BQL 
30 mg/kg/day: BQL 

An oral (gavage) study of 
the effects 0f RDX5791 on 
embryo/fetal development 
in rabbits (Study # -
775024 [RDX5791-TX-14]). 

Rabbit 
Cmax (Day 6; F) 

5 mg/kg/day: BQL 
15 mg/kg/day: BQL; one animal with 0.910 ng/mL at 2 hours. 
45 mg/kg/day: BQL; one animal at each time point of 1, 2, 4, and 24 

hours with values of 0.593, 0.545, 0.532, and 0.811ng/mL, 
respectively. 
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Type of Study Major Findings 
An oral (gavage) study of 
the effects of AZ13792925 
on embryo/fetal 
development in rats (Study 
# -775034). 

Rat 
Tmax: (Days 6 and 17; F, all doses) 

0.5 to 2 hours 
AUClast (Day 6; F) 

30 mg/kg/day: 237,000 ng.h/mL 
150 mg/kg/day: 726,000 ng.h/mL 
400 mg/kg/day: 1,150,000 ng.h/mL 

Cmax (Day 17; F) 
30 mg/kg/day: 16,700 ng/mL 
150 mg/kg/day: 34,900 ng/mL 
400 mg/kg/day: 55,500 ng/mL 

AUClast (Day 17; F) 
30 mg/kg/day: 247,000 ng.h/mL 
150 mg/kg/day: 897,000 ng.h/mL 
400 mg/kg/day: 1,320,000 ng.h/mL 

Cmax (Day 17; F) 
30 mg/kg/day: 17,000 ng/mL 
150 mg/kg/day: 52,500 ng/mL 
400 mg/kg/day: 89,200 ng/mL 

 
Accumulation: There was no accumulation of AZ13792925 for any group; 
exposure to AZ13792925 was almost similar on GDs 6 and 17 for all 
groups. 
 
Dose proportionality: Exposures of AZ13792925, in terms of AUClast and 
Cmax, increased with increasing dosage over the 30 to 400 mg/kg/day 
range. The increase in exposure to AZ13792925 was less than dose 
proportional in terms of AUClast and Cmax on both evaluation days. 
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Type of Study Major Findings 
TK data from 
Carcinogenicity studies 
A 26-week carcinogenicity 
study of tenapanor and 
AZD13792925 by oral 
gavage in CByB6F1/Tg 
RasH2 hemizygous mice 
(Study # 20105943 
[RDX5791-TX-16) 

Day 1: AUClast (Male) of tenapanor: 
10 mg/kg/day: Not calculated (NC) 
30 mg/kg/day: NC 
100 mg/kg/day: 11.6 ng.h/mL 

AUClast (Female) of tenapanor: 
100 mg/kg/day:105 ng.h/mL 
300 mg/kg/day: 343 ng.h/mL 
800 mg/kg/day: 204 ng.h/mL 

Day 180: AUClast (Male) of tenapanor : 
10 mg/kg/day: NC 
30 mg/kg/day: 7.54 ng.h/mL 
100 mg/kg/day: 21.9 ng.h/mL 

AUClast (Female) of tenapanor : 
100 mg/kg/day:11.1 ng.h/mL 
300 mg/kg/day: 53.6 ng.h/mL 
800 mg/kg/day: 913 ng.h/mL 

Day 1: AUClast (Male) of AZ13792925 (tenapanor metabolite): 
10 mg/kg/day: 1.39 ng.h/mL 
30 mg/kg/day: 4.13 ng.h/mL 
100 mg/kg/day: 7.00 ng.h/mL 

AUClast (Female) of AZ13792925 (tenapanor metabolite) : 
100 mg/kg/day:39.9 ng.h/mL 
300 mg/kg/day: 68.7 ng.h/mL 
800 mg/kg/day: 80 ng.h/mL 

Day 180: AUClast (Male) of AZ13792925 (tenapanor metabolite) : 
10 mg/kg/day: 2.79 ng.h/mL 
30 mg/kg/day: 7.34 ng.h/mL 
100 mg/kg/day: 14.8 ng.h/mL 

AUClast (Female) of AZ13792925 (tenapanor metabolite) : 
100 mg/kg/day:20.9 ng.h/mL 
300 mg/kg/day: 35.5 ng.h/mL 
800 mg/kg/day: 212 ng.h/mL 

Day 1: AUCinf (Male) of AZ13792925 following AZ13792925 
administration: 

55 mg/kg/day: 16,700 ng.h/mL 
165/110 mg/kg/day: 144,000 ng.h/mL 

AUCinf (Female) of AZ13792925 following AZ13792925 administration: 
55 mg/kg/day: 45,200 ng.h/mL 
165/110 mg/kg/day: 290,000 ng.h/mL 

Day 180: AUCinf (Male) of AZ13792925 following AZ13792925 
administration: 

55 mg/kg/day: 31,200 ng.h/mL 
165/110 mg/kg/day: 89,500 ng.h/mL 

AUCinf (Female) of AZ13792925 following AZ13792925 administration: 
55 mg/kg/day: 59,100 ng.h/mL 
165/110 mg/kg/day: 197,000 ng.h/mL 

Abbreviations: AUC, area under the curve; BDC, bile duct cannulated; BQL, below quantification limit; Cmax, maximum concentration; 
GI, gastrointestinal; HLM, human liver microsome; HPLC-MS/MS, high performance liquid chromatography coupled with tandem 
mass spectrometry; Kb/p, blood to plasma partition ratio; LC-MS/MS, liquid chromatography with tandem mass spectrometry; MLM, 
mouse liver microsome; PK, pharmacokinetics; RLM, rat liver microsome; SD, Sprague Dawley; TK, toxicokinetic  

 

Reference ID: 4490899



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

143 
Version date: September 12, 2018  

Toxicology 

Study Title/Number: A 28-Day Oral Gavage Dose Range-Finding Toxicity and Toxicokinetic 
Study of AZ13792925 in Hemizygous RasH2 [CbyB6F1-Tg(HRAS)2Jic] Mice (Study # -
775038) 

Key Study Findings  

• Once-daily oral administration of AZ13792925 (major metabolite of tenapanor) at 
dosage levels of 75, 150, and 250 mg/kg/day or tenapanor at a dosage level of 400 
mg/kg/day to male and female Tg rasH2 mice for 28 consecutive days was well tolerated 
at all dosages, and all animals survived to scheduled necropsy. 

• There were no test article-related clinical observations, changes in body weights, food 
consumption, hematology, serum chemistry, organ weight values, or gross or 
microscopic pathology. 

• The NOAEL was determined to be 250 mg/kg/day for AZ13792925. 

Conducting laboratory and location:   

GLP compliance:  Yes 

 

Study: A 28-Day Oral (Gavage) Toxicity and Toxicokinetic Study of RDX5791 With a 14-Day 
Recovery Period in Sprague Dawley Rats (Study # -775003 – RDX5791-TX-05) 

RDX5791 was administered orally once daily to Sprague-Dawley rats for a minimum of 14 
consecutive days at dose levels of 0, 30, 100, 300, and 1000 mg/kg/day. Due to high mortality 
and adverse effects on body weight, this study was shortened from 4 weeks to 2 weeks. 
Mortality was observed in all dose groups. One female, three females, three animals (one male 
and two females) and four females died from 30, 100, 300 and 1000 mg/kg/day dose groups, 
respectively as early as study Day 12. All other animals survived up to the end of the study. All 
survived animals exhibited soft feces and diarrhea with brown material around the anogenital 
area throughout the dosing and recovery periods. Both male and female rats at all doses 
showed dramatic reduction of body weight from 26% to 42% during the dosing period. 
However, during the recovery period, there was an increase in body weight gain, but it 
remained lower than the control group. Test article-related lower food consumption and higher 
water consumption were noted during the dosing period in both males and females at all 
doses. Hematology assessments showed:  

• Higher red blood cell count (up to 12% in males; up to 23% in females ) 
• Higher hemoglobin (up to 14% in males; up to 21% in females) 
• Higher hematocrit (up to 11% in males and up to 16% in females) 
• Higher mean corpuscular hemoglobin concentration 
• Higher red blood cell distribution width 
• Higher hemoglobin distribution width in both males and females 
• Higher neutrophil count (up to 221%), and monocyte count (up to 113%) 
• Lower mean corpuscular volume (up to 5.9%) in females only 
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However, the changes were generally not dose-dependent. Test article-related serum 
chemistry changes included:  

• Lower sodium (up to 8% in males; up to 13% in females) 
• Lower potassium (up to 16.4% in males; up to 3.0% in females) 
• Lower albumin (up to 9% in males and females) 
• Lower cholesterol (up to 6.0% in males; up to 35% in females) 
• Higher urea (up to 131% in males; up to 134% in females) 
• Higher alanine aminotransferase (up to 100% in males; up to 59% in females) 
• Higher aspartate aminotransferase (up to69% in males; up to 21% in females) 
• Higher creatinine (males: 50% at high dose; females: 50% at high dose) 

Gross pathology examinations showed distended and/or brown fluid contents in the cecum, 
colon, duodenum, ileum, jejunum, and stomach at the time of primary necropsy or in animals 
found dead. Test article-related histopathologic findings were noted in the cecum, colon, 
duodenum, ileum, jejunum and rectum of both males and females in all dose groups. These 
organs showed reduced goblet cells accompanied by mixed inflammatory infiltration in the 
cecum and rectum and mucosal erosion and necrosis of glandular epithelial cells of the rectum. 
The kidney of males and females showed multifocal hyaline casts in association with tubular 
degeneration and regeneration. Mesenteric lymph nodes, spleen, thymus, and femoral and 
sternal bone marrow of males and females showed lymphoid depletion of variable severity. 
Findings in the cecum, colon, duodenum, ileum, jejunum, rectum, and kidneys recovered in the 
30 mg/kg/day group after a 14-day recovery period.  

Study: A 3-Month Oral Gavage Toxicity and Toxicokinetic Study of RDX5791 With a 28-Day 
Recovery Period in Sprague Dawley Rats (Study # -775022 -RDX5791-TX-10) 

RDX5791 was administered orally once daily to Sprague-Dawley rats for 91 consecutive days at 
dose levels of 0 (0.1% Tween 80 in deionized water), 0.1, 1.0, and 5.0 mg/kg/day. There were 
no test article-related effects on survival, hematology, ophthalmic, or macroscopic parameters. 
There were no toxicological relevant differences in serum chemistry or urinalysis parameters 
and no adverse differences in body weights, food consumption values, organ weights, and 
microscopic findings. The most prominent test article-related clinical observations consisted of 
soft feces, which was consistent with the pharmacology of the test article. Full recovery from 
these findings occurred during the recovery period. The NOAEL was determined to be 5 
mg/kg/day. 

Study: A 3-Month Oral (Capsule) Toxicity Study of RDX5791 in Beagle Dogs With a 28-Day 
Recovery Period -775023-RDX5791-TX-11) 

RDX5791 was administered orally to beagle dogs as capsules once daily for 91 consecutive days 
at dose levels of 50, 300 and 1000 mg/kg/day. All animals survived to the scheduled necropsies. 
Abnormal excreta (diarrhea, diarrhea containing red material, feces containing red material, 
mucoid feces, red mucoid feces, yellow mucoid feces, and/or soft feces), were noted across all 
dosage levels for most of the dosing period and sporadically throughout the recovery period. 
These observations were expected pharmacological effects of the test article. Body weights, 
body weight changes, food consumption, clinical pathology, urinalysis, ECG parameters, 
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ophthalmic examinations, and organ weights were unaffected by test article administration. 
There were no macroscopic or microscopic findings indicative of a test article-related effect. 
The NOAEL was determined to be 1000 mg/kg/day. 

Study: A 14-Day Repeat Dose Toxicity Study of AZ13792925 in Mice (RDX5791-M1-04) 

AZ13792925 (major tenapanor metabolite) was administered by oral gavage to six male and six 
female CByB6Fl/J mice for 14 consecutive days at dose levels of 0, 500 or 1000 mg/kg/day. All 
six males and six females dosed with 1000 mg/kg/day and three of six males and three of six 
females dosed with 500 mg/kg/day AZ13792925, were found dead or euthanized in extremis 
during the course of the study between Days 3 and 9. Clinical observations prior to deaths 
included lethargy, labored breathing, shaking, drooling, hunched, cold to touch, piloerection 
and moribund. High plasma exposures were observed in surviving mice, approximately 53 to 54 
μg/mL and 2 to 5 μg/mL at 30 minutes and 24 hours, respectively, after the final dose. Repeat 
oral administration of AZ13792925 at 500 and 1000 mg/kg/day was not tolerated in male and 
female CByB6Fl/J mice. 

 

Genetic toxicology 

16.2.1. In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

Study Title/Number: Bacterial Reverse Mutation Assay (Study # RDX5791-GT-02 
[AD07FF.503.BTL]) 

Key Study Findings: 

• RDX5791 had no mutagenic potential in the bacterial reverse mutation assay. 

GLP compliance:  Yes 

Test system: Salmonella typhimurium strains TA98, TA100, TA1535, and TA1537, E Coli WP2 
uvrA; dose levels of RDX5791 were 1.5, 5, 15, 50, 150, 500, 1500 or 5000 µg/plate; in the 
presence or absence of S9 mix. 

Study is valid: Yes 

16.2.2. In Vitro Assays in Mammalian Cells 

Study Title/Number: In vitro Mammalian Chromosome Aberration Test (Study # RDX5791-GT-
03 [ADO7FF.341.BTL]) 

Key Study Findings: 

• RDX5791 was negative for the induction of structural and numerical chromosome 
aberrations in both nonactivated and S9-activated test systems in the in vitro 
mammalian chromosome aberration test using human peripheral blood lymphocytes. 

GLP compliance: Yes 
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Test system: Human peripheral blood lymphocytes treated with RDX5791 at dose levels of 0, 
62.5, 125, 250, 500, 1000, 2000, 2500 and 3000 µg/mL in the presence or absence of S9 mix. 
For positive controls, Cyclophosphamide (10 and 15 μg/mL) and Mitomycin C (0.3 and 0.6 
μg/mL) were used. 

Study is valid: Yes 

16.2.3. In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

Study Title/Number: In Vivo Micronucleus Assay in Mice (Study # RDX5791-GT-04 
[AD60MY.123021.BLT]) 

Key Study Findings:  

• RDX5791 (tenapanor) was negative in the in vivo micronucleus assay in female mice at 
oral doses up to 2000 mg/kg. 

GLP compliance: Yes 
Test system: RDX5791 was administered orally to ICR mice at doses of 0, 500, 1000 and 2000 
mg/kg. Animals were sacrificed approximately 24 hours after administration of the test article 
and bone marrow was harvested from the femur. Bone marrow smears were prepared on glass 
slides and stained. The stained slides were coded and 2000 polychromatic erythrocytes, 
including micronucleated polychromatic erythrocytes, were counted for each animal for the 
presence of micronuclei and the group frequencies were statistically analyzed. 
Study is valid: Yes 

Study Title/Number: AZD1722: Genetic Toxicity Evaluation Using the Rat Micronucleus Test 
(Study # 3585QR-AZD1722) 

Key Study Findings:  

• AZD1722 (tenapanor) was negative in the in vivo micronucleus assay in male Wister Han 
rats following intravenous doses up to 10 mg/kg. 

GLP compliance: Yes 

Test system: AZD1722 (tenapanor) was administered as two IV doses to male Wister Han rats at 
doses of 0, 1, 5, and 10 mg/kg 24 hours apart. Animals were sacrificed approximately 24 hours 
after the second dose and the bone marrow was harvested from the femur. Bone marrow 
smears were prepared on glass slides and stained. The stained slides were coded and 2000 
polychromatic erythrocytes, including micronucleated polychromatic erythrocytes, were 
counted for each animal for the presence of micronuclei and the group frequencies were 
statistically analyzed. 

Study is valid: Yes 
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16.2.4. Other Genetic Toxicity Studies 

Study Title/Number: AZ13792925: Genetic Toxicity Evaluation Using the Bacterial Reverse 
Mutation Test in Salmonella typhimurium TA1535, TA100, TA1537 and TA98 and Escherichia 
coli WP2 uvrA (pKM101) (Study # 3581BV [8321467]) 

Key Study Findings: 

• AZ13792925 (major tenapanor metabolite) had no mutagenic potential in the bacterial 
reverse mutation assay. 

GLP compliance: Yes 

Test system: Salmonella typhimurium strains TA98, TA100, TA1535, and TA1537 and E Coli WP2 
uvrA; dose levels of AZ13792925 were 5, 16, 50, 160, 500, 1600 or 5000 µg/plate, in the 
presence or absence of S9 mix. 

Study is valid: Yes 

Study Title/Number: AZ13792925: In vitro Micronucleus Assay Using L5178Y Cells (Study # 
8321468 [3522QV]) 

Key Study Findings: 

• AZ13792925 was negative for the induction of micronuclei in L5178Y mouse lymphoma 
cells in the presence or absence of S-9 mix. 

GLP compliance: Yes 

Test system: L5178Y mouse lymphoma cells treated with AZ13792925 (metabolite of 
tenapanor) at dose levels of 0, 15, 30, 45, 60, 70, 80, 90, 95, 100, 105, 110, 120 and 130 µg/mL 
in the presence or absence of S9 mix. For positive controls, noscapine (35, 40 and 45 μg/mL), 
mitomycin C (0.15 and 0.30 μg/mL) and cyclophosphamide (4 and 6 μg/mL) were used. 

Study is valid: Yes 

 

16.2.5. Fertility and Early Embryonic Development Studies 

Study Title/Number: AZD1722: Oral Fertility and Early Embryonic Development Study in the 
Female Mouse (Study # 496575 [0967GM]) 

Key Study Findings  

• Female fertility, mating or pregnancy performance was not affected by oral 
administration of tenapanor to female CD-1 mice at doses up to 50 mg/kg/day. 

• The NOAEL for female fertility was determined to be 50 mg/kg/day.  

Conducting laboratory and location:  

GLP compliance: Yes 
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Table 69: Methods of Study 496575 in the Female Mouse 
Parameter Details 
Dose and frequency of dosing: 0, 10 and 50 mg/kg/day. AZD1722 was administered 

daily for 14 days before pairing and continued for 6 
days after mating. 

Route of administration: Oral gavage 
Formulation/Vehicle: 0.1% Polysorbate 80 in Milli-Q water 
Species/Strain: Crl:CD-1 Mouse 
Number/Sex/Group: 20 females/dose group 
Satellite groups: None 
Study design: AZD1722 (tenapanor) was administered orally to 10-11 

weeks old CD-1 female mice once a day for 14 days 
prior to pairing (pairing Day 15) then continuing through 
pairing until Day 6 of gestation. Males were not dosed 
with the test article. Control animals received the 
vehicle only. Each female was paired with its 
designated male for a maximum of 12 nights. At the end 
of the pairing period, if no evidence of mating was 
observed, the female was returned to an individual 
cage. 
 
Mortality/moribundity, clinical signs, body weights and 
food consumption were recorded. Vaginal lavages were 
taken early each morning, commencing on the day of 
pairing, until a positive mating sign had occurred, and 
the stage of estrus observed in each lavage was 
recorded. The females were sacrificed on Day 12 or 13 
of gestation, the ovaries weighed, and pregnancy 
parameters were assessed. 

Deviation from study protocol affecting 
interpretation of results: 

None 
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Table 70: Observations and Results of Study 496575 in the Female Mouse 
Parameters  Major Findings 
Mortality None.  
Clinical Signs No treatment-related clinical signs were observed. 
Body Weights Slight transient statistically significant increases in body weight gain were 

noted in the 50 mg/kg/day AZD1722 dosed animals compared to controls. 
These transient increases resulted in a total mean body weight gain of 0.9 
g over the 14-day pre-pairing period for the high dose group (50 
mg/kg/day) compared to 0.6 g and 0.7 g, respectively, for the low dose 
(10 mg/kg/day) and control group animals. These increases in body 
weight gain at 50 mg/kg/day were minor and not considered to be test 
article-related. 

Necropsy findings 
[Mating/Fertility Index, 
Corpora Lutea, 
Preimplantation Loss, etc.] 

AZD 1722 (tenapanor) had no effects on the following pregnancy data. 
Mating/fertility index (%) 

CG: 88 
LD: 96 
HD: 100 

Copulation index male (%) 
CG: 88 
LD: 96 
HD: 100 

Implantations, number 
CG: 286 
LD: 314 
HD: 334 

Early embryonic deaths (%) 
CG: 4 
LD: 7 
HD: 4 

Abbreviations: CG, control group; LD, low dose; MD, mid dose; HD, high dose 

Study Title/Number: A 6-Month Oral (Gavage) Toxicity Study of AZD1722 in Sprague Dawley 
Rats With Male Fertility Evaluation (Study # -775030) 

Key Study Findings  

• Oral administration of AZD1722 (tenapanor) to SD rats at doses up to 10 mg/kg/day had 
no effect on male reproductive performance or precoital intervals.  

• Intrauterine survival of the embryos (pre- and postimplantation losses and numbers of 
corpora lutea, implantation sites, and viable embryos) was unaffected by test article 
administration to male rats at dosage levels of 1, 3, and 10 mg/kg/day. 

Conducting laboratory and location:  

GLP compliance: Yes 
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Table 71: Methods of Fertility and Early Embryonic Development Study in the Rat 
Parameter Details 
Dose and frequency of 
dosing: 

0, 1, 3, and 10 mg/kg/day. AZD1722 (tenapanor) was administered daily for 
approximately 10 weeks, and paired with naïve females for 13 days. 

Route of 
administration: 

Oral gavage 

Formulation/Vehicle: 0.1% Tween 80 [w/v] in deionized water 
Species/Strain: Sprague Dawley rat 
Number/Sex/Group: 20 males/dose group 
Satellite groups: None 
Study design: AZD1722 was administered orally to male Sprague Dawley rats once a day for 

approximately 10 weeks at dose levels of 0, 1, 3, and 10 mg/kg/day before 
pairing. Males were paired with naïve females for a period of up to 13 days. The 
naïve females were not dosed but were used for male fertility assessments. 
Control animals received the vehicle only. The day when evidence of mating 
was identified was termed GD 0. Following 105 days of dose administration, 
five males/toxicology group were euthanized and discarded without 
examination; the remaining 15 rats/sex/group were euthanized following 182-
183 days of dose administration. 
 
Clinical signs, body weights and food consumption were recorded during the 
study. A laparohysterectomy was performed on GD 15 for each female with 
evidence of mating; laparohysterectomies included a gross necropsy focusing 
on reproductive tissues, examination of the uterus, confirmation of mating, and 
recording the number and location of corpora lutea, embryos, early resorptions, 
and implantation sites. 

Deviation from study 
protocol affecting 
interpretation of 
results: 

None 

Abbreviations: GD, gestation day 
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Table 72: Observations and Results of Fertility and Early Embryonic Development Study in the Rat 
Parameters  Major findings 
Mortality Two males (#9102 and #9106) from the 10 mg/kg/day group died on 

Days 65 and 139, respectively, after dosing. All females with evidence of 
mating survived to the scheduled laparohysterectomy (GD 15). 

Clinical signs Soft feces, diarrhea, and associated brown material around the 
anogenital and urogenital areas were noted in a dose-related manner in 
the males receiving 1, 3, and 10 mg/kg/day doses. These observations 
were the expected pharmacological effects of the test article. 

Body weights Mean maternal body weights and body weight gains were similar among 
all groups of untreated females throughout gestation. 

Necropsy findings 
[mating/fertility index, 
corpora lutea, 
preimplantation loss, etc.] 

No test article-related effects on male reproductive performance (mating, 
fertility, and copulation indices) or on the mean number of days between 
pairing and coitus were observed at any dosage level. 
Mating/fertility index (%) 

CG: 100 
LD: 100 
MD: 100 
HD: 100 

Copulation index male (%) 
CG:100 
LD: 100 
MD: 100 
HD: 94.7 

Fertility index, Female (%) 
CG: 100 
LD: 100 
MD: 100 
HD: 100 

Corpora lutea, number 
CG: 324±1.8 
LD: 327±2.6 
MD: 344±2.09 
HD: 290±1.5 

Implantation site, (%), 
CG: 15.2 
LD: 15.4 
MD: 16.2 
HD: 15.8 

Pre-implantation lost (%) 
CG: 7.5 
LD: 5.3 
MD: 5.7 
HD: 2.0; lower than control group but not statistically significant.  

Live embryos, number 
CG: 289±3.25 
LD: 287±2.5 
MD: 298±2.2 
HD: 270±1.9 

Postimplantation loss (%) 
CG: 4.5 
LD: 7.0 
MD: 7.7 
HD: 5.0 

Abbreviations: CG, control group; GD, gestation day; HD, high dose; LD, low dose; MD, middle dose  
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16.2.6. Embryo-Fetal Development Studies 

Study Title/Number: An Oral (Gavage) Study of the Effects of AZ13792925 on Embryo-Fetal 
Development in Rat (Study # -775034) 

Key Study Findings 

• AZ13792925 (major tenapanor metabolite) was administered to pregnant females once 
daily by oral gavage from Gestation Day 6 to Gestation Day 17 at dose levels of 0, 30, 150, 
and 400 mg/kg/day. Females in the HD group showed moribundity, adverse clinical 
observations, and reduced body weight and food consumption. 

• A higher mean litter proportion of postimplantation loss with a corresponding reduction in 
viable fetuses, lower mean fetal body weights, higher incidences of fetal malformations 
(edema, fetal anasarca, and costal cartilage anomaly) and developmental variations (pale 
spleen, small spleen, 7th cervical rib(s), 14th rudimentary rib(s), slightly or moderately 
misaligned sternebra(e), and ossification-related skeletal variations) were noted at 400 
mg/kg/day. These findings at the 400 mg/kg/day dose are likely to be related to 
maternotoxicity (moribundity, abnormal clinical signs, and decreased body weight gain). 

• The NOAEL for maternal toxicity and embryo-fetal development was determined to be 150 
mg/kg/day. 

Conducting laboratory and location:  

GLP compliance: Yes 

Table 73: Methods of Study -775034 on Embryo-Fetal Development in Rat 
Parameter Details 
Dose and frequency of 
dosing: 

0, 30, 150 and 400 mg/kg/day, once daily 

Route of administration: Oral gavage 
Formulation/Vehicle: 0.1% Tween 80 [w/v] in deionized water 
Species/Strain: Crl:CD (Sprague Dawley) rats 
Number/Sex/Group: 25 females/dose group 
Satellite groups: Yes, eight females/dose group for TK analysis. Blood samples were 

collected from four rats/group at predose and approximately 0.5, 1, 2, 8, 
and 24 hours after dose administration on GDs 6 and 17. 

Study design: Pregnant females were dosed once daily by oral gavage, from GD 6 to 
GD 17. Females were observed daily, and their body weights recorded; 
food intake was monitored daily. On GD 20, a laparohysterectomy was 
performed on each surviving female, and the uteri, placentae, and ovaries 
were examined, and the number of fetuses, early and late resorptions, 
total implantations, and corpora lutea were recorded. Gravid uterine 
weights were recorded, and net body weight and net body weight 
changes were calculated. The fetuses were weighed, sexed, and 
examined for external, visceral, and skeletal malformations and 
developmental variations.  

Deviation from study 
protocol affecting 
interpretation of results: 

None. 

Abbreviation: GD, gestation day; TK, toxicokinetic 
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Table 74: Observations and Results of Study -775034 on Embryo-Fetal Development Study in 
the Rat 
Parameters  Major findings 
Mortality One female (#6272) in the 400 mg/kg/day group was euthanized in 

extremis on GD 17 following marked body weight losses and reduced 
food consumption during GDs 6 to 16, and pale body and gasping on the 
day of euthanasia.  

Clinical Signs In the 400 mg/kg/day dose group, decreased defecation, pale feces, red 
vaginal discharge, rales, pale extremities, and red material on various 
body surfaces (nose, forelimbs, and mouth) were noted for the surviving 
females. These observations were generally noted throughout the 
treatment period, beginning as early as GD 6. In the 150 mg/kg/day 
group, rales were noted. In the absence of other overt signs of toxicity at 
this dosage level, this finding was considered test article-related but not 
adverse. No other test article-related clinical signs were noticed. 

Body Weights There was a reduction in overall mean body weight gain of 19% in HD 
during the treatment period (Days 7 to 18 of gestation) compared with 
controls; mean body weight gain was reduced by 4.5% to 5.5% at MD 
during GDs 7 to 9 compared to controls. Mean body weights in this group 
were similar to the control group during GDs 10 to 20. Mean body weight 
in the LD group were unaffected by the test article administration.  

Necropsy findings 
Cesarean section data 

Corpora lutea, number 
CG: 428±2.7 
LD: 406±1.7 
MD: 419±1.4 
HD: 410±2.0 

Implantations, number 
CG: 409±1.8 
LD: 395±1.6 
MD: 404±2.0 
HD: 400±1.8 

Early Resorption (%) 
CG: 3.3 
LD: 6.0 
MD: 4.8 
HD: 30.8* (significantly different from the control, p=0.01) 

Late Resorption (%) 
CG: 0.2 
LD: 0.0 
MD: 0.2 
HD: 9.3* (significantly different from the control, p=0.05) 

Pre-implantation loss (%) 
CG: 3.7 
LD: 2.6 
MD: 3.8 
HD: 2.3 

Post implantation loss (%) 
CG: 3.5 
LD: 6.0 
MD: 5.0 
HD: 40.1* (significantly different from the control, p=0.01) 

Fetal Weight (g) 
CG: 3.7 
LD: 3.7 
MD: 3.7 
HD: 2.3* (significantly different from the control, p=0.01) 
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Parameters  Major findings 
Necropsy findings 

Offspring malformations, 
variations, etc. 

Treatment- related malformations were observed in 0(0), 0(0), 4(3), and 
22(7) fetuses /litters in the control, 30, 150 and 400 mg/kg/day groups, 
respectively. They are: 

CG: No malformation 
LD: No malformation 
MD: Pale spleen; slightly higher incidences of the skeletal variations 

7th cervical rib(s) and sternebra(e) nos. 5 and/or 6 unossified 
HD: Localized fetal edema and fetal anasarca; pale spleen; costal 

cartilage anomaly; higher incidences of 7th cervical rib(s) and 
sternebra(e) nos. 5 and/or 6 unossified and a lower incidence of 
cervical centrum no. 1 ossified, and higher incidences of reduced 
ossification of the vertebral arches and the 13th ribs(s), 14th 
rudimentary rib(s), sternebra(e) nos. 1, 2, 3, and/or 4 unossified; 
reduced ossification of the skull, pubis unossified, and slight or 
moderate misaligned sternebra(e). 

Abbreviations: CG, control group; LD, low dose; MD, mid dose; HD, high dose; GD, gestation day 

The findings at the high dose of AZ13792925 are likely to be related to maternotoxicity 
(moribundity, abnormal clinical signs, decreased body weight gain). 

16.2.7. Juvenile Toxicology Studies 

Study: A Pilot 21-Day Repeat Dose Toxicity Study of Tenapanor in Male and Female Juvenile 
Rats (Post Natal Days 5 to 26) (Study # 1884TOX) 

In a dose ranging study in rats, tenapanor was administered orally at dose levels of 0, 5, and 10 
mg/kg/day to male and female SD rats beginning at Postnatal Day (PND) 5. Tenapanor was not 
tolerated in female rats at either doses and in males at 10 mg/kg leading to unscheduled 
termination of the study on Day 11 (PND 16) due decreased body weight gain (>20%) compared 
to vehicle control. 

Study: An Oral (Gavage) Dose Range-Finding Study of Tenapanor in Juvenile Rats (Study # 
-775062) 

Tenapanor was administered to juvenile Crl:CD (Sprague Dawley) rats from PND 5 through PND 
24 at doses of 0, 0.1, 0.5, 2.5 or 5 mg/kg/day once daily by oral gavage. One, four, and five 
males and one, four, and five females from the toxicokinetic groups died in the 0.5, 2.5, and 5 
mg/kg/day groups, respectively. In addition, three, six, and seven males and two, nine, and 
eight females in these same respective groups of the main study were found dead or 
euthanized in extremis. These unscheduled deaths were noted as early as PND 8. Majority of 
them occurred during PND 15 to 25. Clinical observations of dermal atonia and unkempt 
appearance were noted for a majority of these animals at daily examinations beginning up to 8 
days prior to death/euthanasia. Lower mean body weight gains or mean body weight losses 
were generally noted in the 5 mg/kg/day group males and females beginning at the start of 
dosing and continuing through PND 23 (males) or 22 (females). Mean body weights were 47.3% 
lower for males on PND 23 and 35.2% lower for females on PND 22, when compared to the 
control group. Slightly lower mean tibial lengths (4.9% to 11.4%) were noted in the 0.5, 2.5, and 
5 mg/kg/day group males and females on PND 25. Tibial length reductions were correlated with 
reduced body weight in these groups. Lower spleen, thymus, and/or ovarian weights were 
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noted at 0.1, 0.5, 2.5, and 5 mg/kg/day dose groups. Test article-related gastrointestinal 
distension and microscopic bone findings of increased osteoclasts, eroded bone and/or 
decreased bone in sternum and/or femorotibial joint were noted in the 0.5, 2.5, and 5 
mg/kg/day group males and females. The NOAEL was not determined in this study due to 
toxicity at all doses. 

An 8-week Oral (Gavage) Toxicity Study of Tenapanor in Juvenile Rats With a 4-Week 
Recovery Period (Study # 00775063) 

In an 8-week juvenile toxicology study followed by a 4-week recovery period, tenapanor was 
administered to male and female rats orally beginning at PND 5 at dose levels of 0, 0.3, 0.1, and 
0.3 mg/kg/day. Animals were evaluated for clinical signs, body weights, food consumption, 
tibial lengths, ophthalmology, toxicokinetic parameters, clinical pathology, gross necropsy 
findings, organ weights, neuropathology examinations, and histopathologic examinations. 
Animals were also examined for developmental and neurobehavioral evaluations, estrous 
cycles, reproductive performance, parturition, litter viability and survival.  

In the high dose group (0.3 mg/kg/day), five males (animal numbers 3561-05, 3562-04, 3591-
06, 3598-04 and 3603-06) and one female (3600-13) were found dead and one female (3587-
07) was euthanized in extremis during the dosing period. Males were found dead on PND 11, 
18, 19 and 45, one female died on PND 17, and another female was euthanized on PND 24. The 
deaths and morbidity in the 0.3 mg/kg/day group were considered test article-related. In the 
0.1 mg/kg/day dose group, one male (3626-06) and one female (3574-10) died on PND 57 and 
58, respectively. In the 0.1 mg/kg/day dose group, no noteworthy changes in body weight, 
macroscopic, or microscopic findings were noted in the male, and the cause of death could not 
be determined. One female in the control group was found dead on PND 10, but the cause of 
death was not known.  

Clinical observations revealed an incidence of brown material around the anogenital area and 
increased incidence of unkempt appearance was noted in the 0.3 mg/kg/day group males and 
females. Other clinical observation findings noted in the test article-treated groups, include red 
material around the nose, soft and/or mucoid feces, and/or yellow material around the 
urogenital or anogenital area. In the 0.3 mg/kg/day dose group, mean absolute body weights 
were lower up to 15.8% and 16.8% in males and females, respectively, compared to the control 
group during the dosing period. During the recovery period, mean body weights and body 
weight gains in the 0.3 mg/kg/day group males and females were comparable to the control 
group. Mean tibial lengths in the 0.3 mg/kg/day group were comparable to the control group 
during PND 5 to 19 (males) or PND 5 to 15 (females). Whereas, the mean tibial lengths from 
PND 22 (males) or 19 (females) were generally shorter than the control group for the remainder 
of the dosing period, and differences were generally statistically significant. No test article-
related effects on mean body weights and body weight gains were noted in the 0.03 and 0.1 
mg/kg/day dose groups. Hematology, serum chemistry, and urinalysis parameters were 
unaffected by test article administration. There were no test article-related macroscopic, 
microscopic, or organ weight changes noted.  
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There were no test article-related effects on the mean body weight at the attainment of 
balanopreputial separation and vaginal patency at any dosage level. No test article-related 
effects on reproductive performance (male and female mating and fertility, male copulation, 
and female conception indices), mean estrous cycle length, gestation length, or the process of 
parturition were noted at any dosage level. The mean numbers of implantation sites in the 
treated groups were comparable to the control group. Mean F1 number of pups born, live litter 
size on PND 0, the percentage of males at birth, postnatal survival, clinical condition of pups, 
and mean pup body weights and body weight gains were unaffected by parental test article 
administration.  

Based on test article-related mortality/moribundity at 0.3 mg/kg/day, the NOAEL was 
determined to be 0.1 mg/kg/day. 
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16.3. OCP Appendices (Technical Documents Supporting OCP 
Recommendations) 

16.3.1. Clinical Pharmacology Studies 

Clinical Pharmacology studies supporting the tenapanor development program are summarized 
in Table 75. Among these studies, the two in vivo DDI studies, i.e., TEN-01-103 and TEN-01-104, 
were conducted using the final, to-be-marketed (TBM) formulation. Of note, the Applicant has 
not demonstrated the comparability between the final TBM formulation and the formulations 
used in other phase 1 and phase 2 clinical studies. 
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Table 75. Summary of Clinical Pharmacology Studies Supporting the NDA 

Study Formulation Dose 
Clinical Pharmacology 
Data/Information 

D5611C00007 
(mass balance study) 

Solution Single dose of 14C tenapanor 
HCl 15 mg 

ADME 

TEN-01-103 
(DDI with cefadroxil/ 
midazolam) 

Tablet* 50 mg BID for 12 or 13 days PK: cefadroxil; midazolam, 
1-OH-midazolam, and 4-OH-
midazolam; tenapanor and 
M1 

TEN-01-104 
(DDI with itraconazole) 

Tablet* 50 mg single dose PK: tenapanor, M1 
 

D5611C00005 
(Ethnic difference) 

Capsule 180 mg single dose; 
15 mg (14 mg) QD to 90 mg 
(88 mg) BID for 7 days 

PK: tenapanor and M1; 
PD: QT evaluation, fecal 
sodium excretion  

D5611C00003,  
Part A  
(food effect on PD) 

Free base 
tablet 

14 mg BID for 4 days 
 

PK: tenapanor, all BLQ; 
PD: fecal sodium excretion 

RDX5791-201 
(Phase 2a trial in IBS-C) 

Capsule 10, 30, 100 mg QD for 4 
weeks 

Dose-response (change in 
CSBM frequency) 

D5612C00001 
(Phase 2b trial in IBS-C) 

Tablet 5, 20, 50 mg BID for 12 
weeks 

PK: tenapanor and M1 

D5611C00001 
(ESRD-HD patients) 

PK: tenapanor (all BLQ) and 
M1 

RDX5791-101 
(PK-PD study) 

Capsule 10 mg (9.3 mg) to 900 mg 
(840 mg) single dose; 
3 mg (2.8 mg) to 100 mg (93 
mg) QD for 7 days 

PK: tenapanor, all BLQ; 
PD: fecal sodium excretion 

RDX5791-102 
(PD study) 

Capsule 30 mg (28 mg) QD to 30 mg 
(28 mg) TID for 7 days 

PD: fecal sodium excretion 

D5611C00002 
(formulation effect on PD) 

Capsule, tablet,  
free base tablet 

14 mg BID for 4 days PK: tenapanor, all BLQ;  
PD: fecal sodium excretion 

D5611C00003*,  
Part B (Gastric pH effect 
on PD) 

Free base 
tablet 

56 mg BID for 4 days PK: tenapanor, all BLQ;  
PD: fecal sodium excretion 

D5613C00003 
(DDI with midazolam) 

Tablet 15 mg (14 mg) BID for 14 
days 

PK: tenapanor and M1 
 

D5613C00004 
(DDI with cefadroxil) 

Tablet 15 mg (14 mg) BID for 4 days PK: tenapanor, all BLQ 
 

D5611C00006 
(DDI with sevelamer 
carbonate) 

Tablet 15 mg (14 mg) BID for 4 days PK: tenapanor, all BLQ;  
PD: fecal sodium excretion 

D5610C00001 
(CKD patients) 

Capsule 5, 15, 30, 60 mg BID  
for 12 weeks 

PD: fecal sodium excretion  

* Studies TEN-01-103 and TEN-01-104 were conducted using the final, to-be-marketed formulation.  

 

1. D5611C00007: mass balance study to characterize the absorption, 
distribution, metabolism and elimination of tenapanor 

Following oral administration of a single 15 mg radiolabeled 14C-tenapanor dose to 8 healthy 
volunteers, the mean (SD) cumulative recoveries of total radioactivity in feces and urine are 
shown in Figure 8. The results showed that 89.2% of the total radioactivity was recovered in 
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urine and feces combined (79.3% in feces and 9% in urine). The recovery result in urine 
demonstrated that at least 9% of the total dose of 14C-labelled tenapanor was absorbed into 
systemic circulation.  

Figure 8. Mean (SD) Cumulative Recoveries of Total Radioactivity in Faeces and Urine in Study 
D5611C00007 

 
Source: Study Report D5611C00007, Figure 3. 

 
The species of parent drug and metabolites were assessed in pooled urine and feces samples. In 
pooled urine collected through 144 hours after dosing, approximately 8.67% of administered 
radioactivity was recovered in urine, of which M1 was the most abundant metabolite 
representing 1.49% of the dose whereas parent tenapanor was not detected (Table 76). In 
pooled feces collected through 144 hours after dosing, approximately 76.2% of the 
administered dose was excreted in feces, of which unchanged tenapanor accounted for 65.3% 
of the administered dose (Table 76). 
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Table 76. Quantitative Estimates of Tenapanor and Metabolites in Excreta and Plasma Collected 
after a Single Oral Administration of Tenapanor in Study D5611C00007 

 
Source: Metabolite profiling report of D5611C00007 (Report BS000381-38), Table 2  

 
In blood samples collected up to 120 hours after dosing, tenapanor were not quantifiable (< 0.5 
ng/mL), suggesting that tenapanor undergoes extensive first pass metabolism following 
absorption. PK parameters of tenapanor based on radioactivity were obtained in plasma and 
whole blood. The median Tmax of radioactivity in plasma and whole blood were 2 and 4 hours 
after dosing, respectively. Observed radioactivity was 5-fold greater in whole blood compared 
to plasma based on mean AUC0-t. Radioactivity was eliminated with half-lives of 35.7 and 70.7 
hours in plasma and whole blood, respectively. The mean apparent clearance (CL/F) was 11.7 
L/hr. The mean renal clearance was 1.15 L/hr in plasma. In plasma collected up to 24 hours, 
unchanged tenapanor was not detected and M1 was the most abundant metabolite (16% of 
AUC0-24h in radioactivity) (Table 76).  
 

2. Study TEN-01-103: Drug-drug interaction study with midazolam (CYP3A4 
substrate) and cefadroxil (PepT1 substrate) 

 
As inhibition of NHE3 can lead to indirect inhibition of proton-coupled intestinal transporters 
such as peptide transporter 1 (PepT1), this study was to evaluate the NHE3 inhibition effect of 
tenapanor on cefadroxil (a PepT1 substrate). Since in vitro study results showed that tenapanor 
inhibited CYP3A4/5 with an IC50 of 0.4 μmol/L (458 ng/mL), the potential of tenapanor to 
interact with midazolam (CYP3A4/5 substrate) was also evaluated in this study. 
  
Healthy subjects received single doses of cefadroxil 500 mg and midazolam syrup 7.5 mg alone, 
and received each drug again following tenapanor 50 mg BID for 12 and 13 days, respectively. 
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Point estimates and their 90% CI of AUC for cefadroxil and midazolam fell within the 80-125% 
criteria (Table 77) suggesting that tenapanor 50 mg BID does not significantly impact the PK of 
cefadroxil or midazolam. The drug interaction results indicated that tenapanor is not an 
inhibitor or inducer of CYP3A4/5 and does not inhibit PepT1 at the proposed clinical dose. 

Table 77. Statistical Comparison of Cefadroxil and Midazolam Pharmacokinetics, with and without 
Concomitant Tenapanor 

Comparison N Analyte AUClast Ratio% (90% CI) 
Cefadroxil+Tenapanor vs. 

Cefadroxil alone 28 Cefadroxil 90.76 (86.65-95.07) 

Midazolam+Tenapanor vs. 
Midazolam alone 28 

Midazolam 116.04 (108.21-124.42) 
1-OH-midazolam 107.05 (100.73-113.76) 
4-OH-midazolam 111.98 (105.79-118.5) 

Source: Study Report TEN-01-103, Table 11-6 and Table 11-7 

 
Following repeated administration of tenapanor 50 mg BID for 12 or 13 days concomitantly 
with cefadroxil and midazolam, pharmacokinetic parameters of M1 are summarized in Table 
78. 
 

Table 78. Pharmacokinetic Parameters of M1 following repeated administration of tenapanor 50 
mg BID with single oral cefadroxil 500 mg or midazolam 7.5 mg 

 
Source: Study Report TEN-01-103, Table 11-5 

 

3. Study TEN-01-104: Drug-drug interaction study with itraconazole (CYP3A 
inhibitor 

In vitro study results showed that tenapanor is metabolized via CYP3A to M1. This study was 
designed to determine the effect of CYP3A4/5 inhibition by itraconazole on the PK of tenapanor 
and its primary metabolite, M1.  
 
Fourteen healthy subjects received the following treatments: 
• Days 1 and 6: single oral dose of 50 mg tenapanor 
• Day 3: oral doses of 200 mg itraconazole BID 
• Days 4 to 7: oral doses of 200 mg itraconazole QD  
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Arithmetic mean (standard deviation) trough concentrations on Days 6 th rough 8 ranged from 

146 (S2.1) ng/ ml to 206 (SS.1) ng/ ml for itraconazole and from 407 (12S) ng/ ml to S28 (138) 

ng/ ml for hydroxy itraconazole. These trough concentrations for itraconazole and hydroxy 
itraconazo le were well above the reported half maximal inhibitory concentration values 

(approximately 29 nM [20.S ng/ mL] and 37 nM [26.7 ng/ mL], respectively), indicating sufficient 
inhibition of CYP3A. 

The PK parameters of tenapanor and Ml follow ing a single oral dose of SO mg tenapanor 
administered alone or w ith 200 mg itraconazole are summarized in Table 79 and Table 80. 

Tenapanor exhibited minimal systemic bioavailability follow ing a single oral dose of SO mg 

tenapanor administered alone or with itraconazo le. Following tenapanor administration alone, 
3 of 14 subjects had a single quantifiable tenapanor concentration (NO.S ng/ ml) whereas more 
subjects (7 of 14) had higher quantifiable tenapanor concentrations (Nl.O ng/ ml) follow ing 

coadministration of tenapanor w ith itraconazole. Systemic exposure to Ml in terms of Cmax and 

AUCrast decreased by approximately 33.9% to 46.6% follow ing coadministration of tenapanor 
w ith itraconazole versus alone; Geometric mean ratios (90% Cls) for Cmax and AUCrast were 
S3.4% (44.2, 64.S) and 66.1% (S4.0, 80.8), respectively. These results are consistent w ith CYP3A 

inhibition by itraconazole as CYP3A4 and CYP3AS are primari ly responsible for the formation of 

Ml. 

Table 79. PK parameters of Tenapanor Following Single Dose of Tenapanor 50 mg with or without 
ltraconazole 

Analyte: Tenapanor 

Parameter 

AUC0_, (h*n g/mL) 

AUCo-oo (h*ng/mL) 

C=x (ng/mL) 

truax (h)3 

t1ast (h)' 
t112 (h)b 

CL/F (L/h) 

V JF (L) 

Tenapanor 
(N=14~ 

NC (NC)c 

NC (NC)C 

0.586 ( 12 .l)d 

0 .50 (0.50, O.SO)d 

0 .50 (0.50, 0.50)d 

NC (NC)c 

NC (NC)c 

NC (NC)c 

Treatment 

Tenapanor plus Itraconazole 
(N=l 4f) 

0.993 (27.3)d 

NC (NC)< 

0.843 (33.2)0 

i.oo co.so, z.ooy 
1.50 (1.00, 2.00)" 

NC (NC)< 

NC (NC)< 

NC (NC)< 

Note GeomelTic mean (CV%) data are presented; 'Median (min , max); bArithmetic mean (SD); <N = O; 'N = 3; 
•N = 7; fTotal number of subjects who completed the study, including subjects with PK data that were not 
evaluable. 

Source: Study Report TEN-01-104, Table 5. 
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Table 80. PK parameters of M1 Following Single Dose of Tenapanor 50 mg with or without 
Itraconazole 

 

 
Source: Study Report TEN-01-104, Table 6. 

 

4. Study D5611C00005: The pharmacokinetics and pharmacodynamics of 
tenapanor capsules in Japanese and Caucasian Healthy Subjects 

This is a double-blind, randomized, placebo-controlled, multiple-dose study in which 83 healthy 
adult Japanese and Caucasian subjects received either a single dose of tenapanor capsules 180 
mg, or twice daily ascending doses of tenapanor capsules 15 to 90 mg (14 to 88 mg) in order to 
assess the pharmacokinetics and pharmacodynamics of tenapanor in Caucasian and Japanese 
healthy subjects.  
• Cohort 1- Japanese: Tenapanor capsules 60 mg*3 (180 mg), single dose, n=6 
• Cohort 2- Japanese: Tenapanor capsules 15 mg (14 mg), BID for 7 days, n=12 
• Cohort 3- Japanese: Tenapanor capsules 30 mg (28 mg), BID for 7 days, n=12 
• Cohort 4- Japanese: Tenapanor capsules 60 mg (60 mg), BID for 7 days, n=12 
• Cohort 5- Japanese: Tenapanor capsules 90 mg (88 mg), BID for 7 days, n=12 
• Cohort 6- Caucasian: Tenapanor capsules 90 mg (88 mg), BID for 7 days, n=12 
 
Pharmacokinetics 
All but three of 270 post-dose pharmacokinetic samples (99% of samples) were below the limit 
of quantitation for parent tenapanor (< 0.5 ng/mL). Mean plasma concentration-time profiles 
for M1 on Days 1 and 7 in Japanese subjects are presented in Figure 9. Maximum M1 
concentrations were generally reached by 4–8 hours after administration. Over the dose range 
of 15-90 mg (14-88 mg), Cmax and AUC0-8h of M1 generally increased proportionally to 
tenapanor dose. When administered as multiple doses, accumulation in Cmax of M1 is 
approximately 5-fold. M1 exposure appeared generally comparable for Japanese and Caucasian 
subjects after administration of tenapanor capsules at 90 mg BID (Table 81). 
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Figure 9. Mean (±SD) Plasma Concentration Versus Time Profiles for M1 after Single Dose (Left) 
and Repeated Doses for 7 Days (Right) in Japanese Subjects 
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Table 81. Arithmetic Mean (SD) Pharmacokinetic Parameters for M1 in Japanese and Caucasian 
Subjects 

Dose ofTcnao:rnor 
Cohort t Cohort 2 Cohort J Cohort q Cohori 5 Cohor·t 6' 

P:tt'!lmcter 180 m~ 15 mo BlD 30 m •BID 60 m BID 90 ru • BW 90 m~Bw 
Day 1 Day 1 D:1y7 Day 1 D:1y7 Day 1 Day7 D:1y 1 Day7 Day 1 Day 7 
IN=6l IN=l?l f.N=lZl IN= l2l IN=l2l IN=l2l IN=l?l (N=l2l IN=l2l (]ll=J2l <N= l2l 

Cmu 2 1.4 1.88 11.0 2.73 13.8 7.99 40.6 11.2 52.7 9.48 52. 1 

(oii/mL) (10.2) (I . 77) (4.04) (1.12) (2.88) (2.82) (22.9) (6.00) (20.8) (4.26) (16.9) 

T ..... • 8.00 8.00 4.03 8.00 4.1 1 8.00 4.00 8.00 4.00 8.00 
S.00 

(hr) 
(8.00, (4.00, 

(0, 8.03) 
(8.00, 

(O, 8.03) 
(8.00, 

(0, 8.00) 
(7.98, 

(0, 8.03) 
(8.00. 

(O. 8.05) 24.0l 8.00\ 8.02) 8.05) 8.00) 8.15) 

AUCo.s 90.6 9.75 75.0 10.7 98.0 31.4 
293 ( 167) 

47.1 
364 (127) 36.8 340 

(hr-ng/ mL) (67.6) ( ll 6)b (26.1) (4.06) (212) (14.1) (34.0) (17.8) (110) 

Source: Repot D5611C00005-I (b)(4i Study Number 8329642 (metabolite report), Table 2. 

Pharmacodynamics 

Average dai ly feca l sodium and phosphorous excretion from Day 1 to Day 7 was greater after 

administration of all doses of tenapanor compared to placebo, but apparent dose-response 

relationship was not observed at doses greater than 30 mg BID (Figure 10, left). Of note, 

subjects were given a standardized diet with an approximate dai ly sodium content of 4500 mg. 

Dai ly stool frequency and daily stoo l weight slightly increased after repeated dosing of 15-90 
mg BID tenapanor compared to placebo (Figure 10, right ). 
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Figure 10. Fecal Sodium Excretion (left) and Stool Frequency (right) by Dose after Repeated 
Dosing for 7 Days in Japanese Subjects 

 
Source: Reviewer’s plot based on Study Report D5611C00005, Table 6 and Table 7. 

 
Potential QT prolongation 
The Applicant extensively monitored ECG in this study and evaluated potential QT prolongation 
(Study D5611C0005, Cardiac Safety Report). Per IRT-QT review dated Jan 25, 2019, no 
significant QTc prolongation effect of tenapanor was detected in the QTc assessment up to 
tenapanor capsule 90 mg BID which resulted in the maximum exposure (Cmax) to M1 of 48.7 
ng/mL. See IRT-QT review in DARRTS dated Jan 25, 2019 for more information. The M1 
concentration was approximately 3-fold greater than that reported in healthy subjects taking 
tenapanor 50 mg BID in the to-be-marketed formulation and midazolam, i.e., 16.3 ng/mL, in 
Study TEN-01-103. 
 

5. Study D5611C00003 (Part A): Effect of food on pharmacodynamics of 
tenapanor 

This study evaluated the effect of different dosing timing in relations to meals on 
pharmacodynamics of tenapanor. In this three-way crossover, open label study, a total of 19 
healthy male and female adult subjects received the following three treatments for 4 days 
each, separated by a drug-free washout period of two days:  

• Treatment A: Tenapanor Tablets 15 mg (14 mg) twice daily, immediately prior to meals, 
i.e., 5 to 10 minutes before start of food intake 

• Treatment B: Tenapanor Tablets 15 mg (14 mg) twice daily, after meals, i.e., 30 minutes 
after start of food intake 

• Treatment C: Tenapanor Tablets 15 mg (14 mg) twice daily, in a fasting state, i.e., 1 hr 
before or 3 hrs before start of food intake 
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Fecal samples were collect ed at baseline, and on Study Days 1-4 for pharmacodynamic 
assessments of fecal sodium and phosphorous excretion. Subject s were served wit h a diet 

st andardized for sodium content whi le resident in the st udy center. 

The mean amounts of sodium and phosphorous (mEq) excreted in the feces per day during 
each t reatment period are presented in Table 82. The mean 24-hour feca l sodium was 

approximat ely 8 mEq/ day and 11 mEq/ day higher w hen t enapanor was given before a meal 
(Treatment A) in comparison t o w hen t enapanor was given after a meal (Treatment B) and in 

fast ing conditions (Treat ment C), respect ively. The mean 24-hour fecal phosphorous excret ed 
showed simi lar t rend of effect as t he fecal sodium. 

All pharmacokinetic samples were below the limit of quantitat ion for parent tenapanor using a 

validated LC-MS/MS method with a lower limit of quantification of O.S ng/ mL. 

Table 82. Stat istical Analysis of Fecal Sodium and Phosphorous (mEq & grams/day) Excreted 
Following Administrat ion of Tenapanor Tablet~ Prior to Meals_, Fed and Fast ing 

Pairwise Comparisons 
Parameter 

Trt N 
LS 95% CI Pair Diff 90% CI P-

{uni ts} 
ll value m ean 

Sodium 
A 18 8 25.9388 

(19.4989. Avs B 8.7767 (3.7295, 13.8240) 0.0060 
(rnEq/day) 32.3788) 

B 18 18 17 .162 1 
(10.7221. B vsC 3 0439 (-2.0034, 8.091 1) 0.3 147 
23.6021) 

c 18 18 14.1182 (7.6783. AvsC 11.8206 (6.7733, 16.8679) 0.0004 
20.5582} 

Sodium 
A 18 18 0.5961 

(0.4481. 
Avs B 0.201 7 (0.0857, 0.3177) .0060 

(g/day) 0.7441) 

B 18 18 0.3944 
(0.2464. 

B vsC 0.0699 (-0.0460, 0.1859) 0.3 147 0.5424) 

c 18 18 0.3244 
(0.1764. AvsC 0.2716 (0.1557, 0.3876) 0.0004 
0.4724) 

Diff Difference: Trt Treatment 

Treatm ent A: AZD 1722 administered 5 to 10 minutes before sta1t of intake of breakfast and dinner 

Treatment B: AZD 1722 administered 30 minutes after stan of intake of breakfast and dinner 

Treatment C: AZD 1722 administered 1 hour before breakfast and 3 hours after start of intake of dinner and 1 hour 
before next meal consumption 

Source: Study Report D5611C00003, Part A, Table 7 

6. Study D5612C00001(phase2b): Tenapanor in patients with irritable bowel 
syndrome with constipation 

In t his Phase 2, randomized, double-blind, placebo-controlled study, 3S6 IBS-C patients were 

randomized 1:1:1:1 t o receive placebo (n=90), tenapanor tablets S mg (n=88), tenapanor 
tablets 20 mg (n=89) o r tenapanor tablet s SO mg (n=89) BID for 12 weeks. A tot al of 304 

subjects complet ed the study according to the protocol : placebo (n=80), tenapanor S mg 
(n=69), tenapanor 20 mg (n=77), and tenapanor SO mg (n=78). 
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Blood samples for tenapanor and M1 pharmacokinetic analysis were collected from a subset of 
approximately 30 subjects per treatment group at the 8- and 12-week site visits. PK samples 
were collected 1-4 hours (5 hours in one subject) after the morning dose of tenapanor. A pre-
dose sample was also collected when possible. 
 
Tenapanor showed minimal systemic availability. Eight of the 291 (2.7%) subjects had plasma 
tenapanor concentrations of 0.547-1.03 ng/mL, and the concentrations were below the lower 
limit of quantification (< 0.5 ng/mL) in other subjects.  
 
Plasma concentration-time profiles for M1 after 8 and 12 weeks of treatment are presented in 
Figure 11. Observed plasma M1 concentrations are summarized in Table 83. Approximately 
32% [94 of 296] of analyzed samples had plasma M1 concentrations below the limit of 
quantitation (< 0.5 ng/mL).  
 

Figure 11. Plasma M1 Concentration-Time Profiles of Individual Patients with IBS-C Administered 
50 mg BID Doses of Tenapanor for 8 and 12 Weeks  
 

 
Source: D5612C00001-RDX5791-PK-20 (metabolite report), Figure 3 

 

Table 83. Plasma M1 Concentrations Observed after Multiple Dose Administration of Tenapanor 5, 
20 and 50 mg BID 

Dose 
Study 
Day N 

Concentration range 
(ng/mL) 

Mean maximum concentration (SD) 
(ng/mL) 

5 mg BID 57 29 BQL – 9.11 2.16 (1.85) 
85 25 BQL – 7.94 2.83 (2.08) 

20 mg BID 57 27 BQL – 22.5 4.47 (5.73) 
85 25 BQL – 18.3 4.87 (5.18) 

50 mg BID 57 31 BQL – 43.6 10.1 (10.7) 
85 30 BQL – 43.9 10.9 (12.5) 

BQL: below quantitative limit (< 0.5 ng/mL) 
Source: D5612C00001- RDX5791-PK-20 (metabolite report), Table 5 
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7. Study D5611C00001: Tenapanor in patients with end-stage renal disease 

In this Phase 2a, randomized, double-blind, placebo-controlled study, 88 end-stage renal 
disease patients (eGFR < 15 mL/min/1.73m2) on hemodialysis were randomized to receive 

 
Based on cross-study comparison (D5611C00001 in ESRD patients vs. D5611C00005 in healthy 
subjects), following single dose of tenapanor ), the mean 
maximum plasma M1 concentrations were lower in ESRD patients, i.e., 2.55 ng/mL (n=5) vs. 
7.99 ng/mL (n=12) (Figure 12.). 

Figure 12. Plasma M1 Concentration-Time Profiles of Individual Healthy Subjects (Left) and ESRD 
Patients (right) After Single Dose of 60 mg (56 mg) Tenapanor Capsule 

 
Source: Reviewer’s plots based on D5611C00005-  Study Number 8329642 (metabolite report), Table 2 and 
D5611C00001- RDX5791-PK-19 (metabolite report), Tables 9 

 

16.3.2. In Vitro Drug-Drug Interaction Studies 

Substrate of transporters 
Tenapanor was not a substrate of P-gp, BCRP, OATP1B1, and OATP1B3 (Table 84). Since 
tenapanor was not excreted by the kidney, the potential of M1 as a substrate of renal 
transporters, was not tested. 

M1 was not a substrate of BCRP, OAT1, OAT3, OCT2, MATE1, and MATE2-K (Table 85). It was a 
weak substrate of P-gp (Table 85). Since the intrinsic clearance of M1 was very low in human 

Reference ID: 4490899

(b) (4)

(b) (4)

(b) (4)



NDA/BLA Multidisciplinary Review and Evaluation NDA 211801 
IBSRELA (tenapanor) 

169 
Version date: September 12, 2018  

liver microsomes, the potential of M1 as a substrate of the hepatic uptake transporters, 
OATP1B1 and OATP1B3, was not tested.  

Table 84. In Vitro Studies to Determine the Transporters of Tenapanor 

 
Source: 2.7.2. Summary of Clinical Pharmacology, Section 2.7.2.2.1.1.4 

Table 85. In Vitro Studies to Determine the Transporters of M1 (AZ13792925) 

 
Source: 2.7.2. Summary of Clinical Pharmacology, Table A-10 

 

Inhibition of transporters 

Tenapanor or M1 did not inhibit human P-gp, BCRP, OATP1B1 and OATP1B3 indicating that the 
potential for an in vivo DDI was low (Table 86, Table 87). M1 did not inhibit OAT1, OAT3, OCT2, 
MATE1, and MATE2-K (Table 87). 
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Table 86. In Vitro Studies to Characterize the Inhibition of Transporters of Tenapanor 

 
Source: 2.7.2. Summary of Clinical Pharmacology, Table A-9 

Table 87. In Vitro Studies to Characterize the Inhibition of Transporters of M1 (AZ13792925) 

 
Source: 2.7.2. Summary of Clinical Pharmacology, Table A-11 

 

Metabolism by CYP enzymes 

Tenapanor was a substrate of CYP3A4 and CYP3A5. However, none of the CYP enzymes was 
found to be responsible for ≥ 25% of its overall elimination. The metabolic stability of M1 was 
tested at 1 µM in human liver microsomes incubated with NADPH for up to 30 minutes. M1 was 
stable, with t1/2 and CLint values of 91.5 minutes and 16.3 µL/min/mg protein, respectively, 
indicating that M1 was a weak substrate of Phase I metabolism enzymes in the liver. In clinical 
studies, Phase I or II metabolites of M1 were not detected in plasma, urine, or feces from the 
human [14C] tenapanor ADME study (D5611C00007) and the plasma concentration-time profile 
of M1 at steady state was flat, suggesting that the in vivo clearance of M1 is very low (Table 88). 
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Table 88. In Vitro Studies to Identify the CYP Isozyme Responsible for the Metabolism of 
Tenapanor 

 
Source: 2.7.2. Summary of Clinical Pharmacology, Table A-2 

 

Inhibition of CYP enzymes 

Neither tenapanor nor M1 inhibited CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19 and CYP2D6 
(Table 89).  

Table 89. CYP450 Reversible inhibition (IC50) by Tenapanor and M1 (AZ13792025) 

 
Source: 4.2.2.7. Study report of RDX5791-pk-16, Table 4 

 

Induction of CYP enzymes 

Neither tenapanor nor M1 induced CYP1A2 and CYP2B6 (Table 90).  
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Table 90. CYP450 Induction by Tenapanor and M1 (AZ13792025) 

 
Source: 4.2.2.7. Study report of RDX5791-pk-16, Table 6 

16.3.3. Summary of Bioanalytical Method Validation and Performance 

Tenapanor concentrations in plasma and urine  

Plasma and urine concentrations of tenapanor were measured using validated bioanalytical 
methods with LC-MS/MS. The performance and validation parameters of these methods are 
not included in this review because most concentrations of tenapanor were below LLOQ (<0.5 
ng/mL). 
 

Major metabolite M1 (AZ13792925) concentrations in plasma  

The performance and validation parameters of the bioanalytical method “AZ17HPP” for 
measuring plasma M1 concentrations are summarized in Table 91. 
 

Table 91. Summary of the performance and validation parameters of the bioanalytical method to 
measure M1 in plasma (Method ID: AZ17HPP) 
Bioanalytical method review 
summary 

Method validation was adequate to support the study TEN-01-
103 and TEN-01-104 

Method description Drug extraction from K2EDTA human plasma by protein 
precipitation and quantitation with LC-MS/MS method 

Materials used for calibration 
curve & concentration human plasma, K2EDTA 

Validated assay range 0.500 to 375 ng/mL 
Material used for QCs & 
concentration 

human plasma, K2EDTA 

Regression model & weighting Linear regression, 1/x2 
Validation 
parameters  Method validation summary Acceptability 
Calibration curve 
performance during 
accuracy & precision 

No of standard calibrators from LLOQ to 
ULOQ 

8 Yes 

Cumulative accuracy (%bias) from LLOQ to 
ULOQ 

-3.4 to 2.7% Yes 
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Bioanalytical method review 
summary 

Method validation was adequate to support the study TEN-01-
103 and TEN-01-104 

Cumulative precision (%CV) from LLOQ to 
ULOQ 

≤7.8% Yes 

QCs performance 
during accuracy & 
precision 

Cumulative accuracy (%bias) in 4 QCs  
 

-8.0 to -2.0% Yes 

Inter-batch %CV 
  

≤7.9% Yes 

Percent total error (TE)  0% 
 

Yes 

Selectivity & matrix 
effect/ 
Interference & 
specificity  
 

Six individual blank matrix samples tested.  
No interference peaks (>20.0% of the LLOQ calibration 
standard response; >5.0% of the internal standard peak 
response)  
The blank samples spiked with tenapanor did not contain any 
peaks at the retention time of M1 or internal standard. 

Yes 

Hemolysis effect Total of 6 plasma lots tested.  
%bias ranged from -11.3 to 7.7%. 

Yes 

Lipemic effect Total of 6 plasma lots tested.  
%bias ranged from 0.7 to 5.3%. 

Yes 

Dilution linearity & 
hook effect 

Linear within 25-fold dilutions. Tested at 7500 ng/mL. 
No hook effect 

Yes 

Bench-top/process 
stability 

Stable at room temperature for 24 hours in plasma 
Stable at 2 to 8℃ for 110 hours in processed-sample 

Yes 

Freeze-Thaw stability Up to 5 cycles at -10 to -30℃ and -60 to -80℃ Yes 
Long-term storage Stable for 48 days at -10 to -30°C or at -60 to -80°C Yes 
Carry over  No evidence of carryover Yes 

Method performance in study TEN-10-103 

Assay passing rate  
8 out of 9 runs (including incurred sample reanalysis (ISR)) 
met the method acceptance criteria.  

Yes 

Standard curve 
performance 

%bias: -1.8 to 3.0; %CV ≤7.0% Yes 

QC performance At 1.5, 20.0, and 375 ng/mL,  
%bias: -2.7 to 0.5; %CV ≤5.7% 

Yes 

Method 
reproducibility 

40 samples reanalyzed and 98% of the repeat results and 
original results were within 20.0% of the mean of the two 
values 

Yes 

Study sample 
analysis/ stability 

All samples were analyzed within 48 days of collection 
following storage at -60 to -80°C within established stability 

Yes 

Method performance in study TEN-10-104 

Assay passing rate  
8 out of 8 runs (including incurred sample reanalysis (ISR)) 
met the method acceptance criteria.  

Yes 

Standard curve 
performance 

%bias: -5.8 to 4.7; %CV ≤9.0% Yes 

QC performance At 1.5, 20.0, and 375 ng/mL,  
%bias: -1.1 to 8.0; %CV ≤5.7% 

Yes 

Method 
reproducibility 

46 samples reanalyzed and 98% of the repeat results and 
original results were within 20.0% of the mean of the two 
values 

Yes 

Study sample 
analysis/ stability 

All samples were analyzed within 48 days of collection 
following storage at -60 to -80°C within established stability 

Yes 

Source: Validation Report of method AZ17HPP  Study Number 8316236); Bioanalytical Report of TEN-10-103; 
Bioanalytical Report of TEN-10-104  
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Midazolam, 1’-hydroxymidazolam, and Cefadroxil Plasma Concentrations (TEN-10-103) 

Plasma samples obtained in Study TEN-10-103 were analyzed for midazolam, 1’-
hydroxymidazolam, 4’-hydroxymidazolam and cefadroxil concentrations by  

 using LC-MS/MS. The validated ranges of quantitation were 0.1 to 100 ng/mL 
for midazolam, 1’-dydroxymidazolam, and 4’-hydroxymidazolam. The validated range of 
quantitation was 30 to 30,000 ng/mL for cefadroxil. Method validations were adequate to 
support the study TEN-01-103 (  Study Number: 8280288 for midazolam and its 
metabolites; 8298908 for cefadroxil). All samples were analyzed within 48 days of collection 
following storage at -60 to -80°C within established long-term stability.  
 
Itraconazole, hydroxy-itraconazole Plasma Concentrations (TEN-10-104) 
Plasma samples obtained in Study TEN-10-104 were analyzed for itraconazole and hydroxy-
itraconazole concentrations by  using LC-MS/MS. The validated 
ranges of quantitation were 2.0 to 1,000 ng/mL for midazolam, 1’-dydroxymidazolam, and 4’-
hydroxymidazolam. Method validation was adequate to support the study TEN-01-104 
(  Study Number: 8390863). All samples were analyzed within 48 days of collection 
following storage at -60 to -80°C within established long-term stability. 
 
Sodium in human feces 

The amounts of sodium were measured in fecal samples in clinical studies including 
D5611C00005 (PK-PD and QT assessment) and D5611C00003 (food effect study). The 
quantitation range was from 0.25 to 25 μg/mL. Samples were processed employing a partial 
digestion of the entire sample in nitric acid (pre-digest) followed by a more complete and 
higher temperature digestion of a subsample of the pre-digest using nitric and hydrochloric 
acids. The digest was then centrifuged, and the sodium content of the supernatant liquid was 
measured using inductively coupled plasma-optical emission spectrometry (ICP-OES). 
The total sodium amounts (in grams) were calculated using the processed sample volume and 
the measured concentration. The total milliequivalents (mEq) per day were calculated from the 
total grams of each individual analyte per day.  
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PHARMACOLOGY/TOXICOLOGY IND REVIEW AND EVALUATION 
 

Application number: 108732 

Supporting document/s: 104 and 107 

Applicant’s letter date: April 27, 2018; June 20, 2018 

CDER stamp date: April 27, 2018; June 20, 2018 

Product: Tenapanor (AZD1722/RDX5791) 

Indication: Irritable bowel syndrome with constipation (IBS-C) 

Applicant: Ardelyx, Inc., Fremont, CA 

Review Division: Division of Gastroenterology and Inborn Errors 

Products (DGIEP) 

Reviewer: Dinesh Gautam, Ph.D. 

Supervisor/Team Leader: Sushanta Chakder, Ph.D. 

Division Director: Dragos Roman, M.D. (Acting) 

Project Manager: Brian K. Strongin, R.Ph, MBA. 

 
Category: Sodium (Na+)/hydrogen (H+) antiporter (NHE3) inhibitor.  
 
Submission Content:   

1. Final report of a 104-week oral carcinogenicity study of AZD1722 in rats (Study No. 
3732cr) and  

2. Final report of a 26-week carcinogenicity study of Tenapanor and AZ13792925 by oral 
gavage in CByB6F1/Tg rasH2 hemizygous mice (Study No. RDX5791-TX-16). 

 
Background:  
Tenapanor (AZD1722 or RDX5791), a sodium (Na+)/hydrogen (H+) antiporter (NHE3) inhibitor, 
is being developed for the treatment of constipation-related diseases such as chronic idiopathic 
constipation (CIC), constipation-predominant irritable bowel syndrome (IBS-C), and opioid-
induced constipation (OIC). In the current submission, the Sponsor has submitted the final reports 
of the 2-year oral (gavage) carcinogenicity study of AZD1722 in rats and the 26-week 
carcinogenicity study of AZD1722, and AZ13792925 (major tenapanor metabolite) in Tg rasH2 
mice.  
 
In the 26-week carcinogenicity study in Tg rasH2 mice, tenapanor doses of 100, 300 and 800 
mg/kg/day were used for females, and 10, 30 and 100 mg/kg/day for males as per the Executive 
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CAC recommendations. For the metabolite (AZ13792915), the doses of 55 and 165 mg/kg/day 
were used for both male and female mice. The control groups received the vehicle. 
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CARCINOGENICITY ASSESSMENT COMMITTEE (CAC/CAC-EC) REPORT AND 
FDA-CDER RODENT CARCINOGENICITY DATABASE FACTSHEET 

Review of Carcinogenicity Study Results 
 
 
P/T REVIEWER(s): Dinesh Gautam, Ph.D. 
DATE: January 22, 2019  
IND: 108,732    
DRUG CODE#: RDX5791/ AZD1722         
CAS#: None                                            
DIVISION: Division of Gastroenterology and Inborn Errors Products (DGIEP)     
DRUG NAME: Tenapanor 

CHEMICAL STRUCTURE:  
 

 
 
SPONSOR: Ardelyx, Inc., Fremont, CA, USA. 
LABORATORY:  
CARCINOGENICITY STUDY REPORT DATE: January 10, 2018. 
THERAPEUTIC CATEGORY: For the treatment of irritable bowel syndrome with constipation 
(IBS-C).  
PHARMACOLOGICAL CLASSIFICATION: Sodium (Na+)/hydrogen (H+) antiporter (NHE3) 
inhibitor.  
MUTAGENIC/GENOTOXIC: Negative.  AZD1722 was not mutagenic in the Ames bacterial 
reverse mutation assay, not clastogenic in an in vitro cultured human lymphocyte assay, and 
negative in the in vivo oral gavage mouse and intravenous rat micronucleus assays.  
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MICE CARCINOGENICITY STUDY 
 
STUDY DURATION (weeks): 26  
STUDY STARTING DATE: December 13, 2016 
STUDY ENDING DATE: June 08, 2017 
MICE STRAIN: CByB6F1/Tg rasH2 
ROUTE: Oral 
DOSING COMMENTS: The doses of tenapanor and AZ13792925 (a major metabolite of 
tenapanor) used in the 6-month oral (gavage) carcinogenicity study in CByB6F1/Tg rasH2 mice 
were concurred by the Executive CAC Committee.  The selection of the high dose for female mice 
(800 mg/kg/day; 400 mg/kg BID) was based on the MFD in a 28-day oral toxicity study in 
CByB6F1 mice. The mid and low doses for female mice were 300 and 100 mg/kg/day (150 and 50 
mg/kg BID), respectively. For male mice, the doses used were 0 (vehicle), 10, 30 and 100 
mg/kg/day (0, 5, 15 and 50 mg/kg BID), the high dose being based on body weight loss in the 1-
month dose range finding study. 
 
The doses (0, 55 and 165 mg/kg/day for both male and female mice) of AZ13792925 (a major 
metabolite of tenapanor) used in the study was based on the maximum tolerated dose (MTD) in a 
14-day and a 28-day dose range finding studies in CByB6F1 and Tg.rasH2 mice and were 
concurred by the Executive CAC Committee.  
 
NUMBER OF MICE AND DOSE LEVELS: 
 
Group 
No. 

Test Material Number of  
Animals 

Dose Level  
(mg/kg/day) 

Male Female Male Female 
1 Milli-Q Water (Negative control) 25 25 0 0 
2 0.1% Tween 80 (Vehicle control) 25 25 0 0 
3 1% Tween 80, 1% DMSO (Vehicle control) 25 25 0 0 
4 AZ13792925 (Tenapanor metabolite) 25 25 55 55 
5 AZ13792925 (Tenapanor metabolite) 25 25 165/110* 165/110*
6 Tenapanor 25 25 10 100 
7 Tenapanor 25 25 30 300 
8 Tenapanor 25 25 100 800 
9 N-methyl-N-nitrosourea [NMU] (Positive 

control) 
15 15 75 75 

10 Health Screen/Sentinel 15 15   
*Animals were dosed at 165 mg/kg/day from Days 1 to 98. The dose level was subsequently reduced to 110 mg/kg/day beginning on Day 99 after 
discussion with Agency (March 14, 2017) regarding poor mean body weights. 

 
BASIS FOR DOSES SELECTED: MFD for females; MTD for males; AZ13792925 (a major 
metabolite of tenapanor) doses were based on MTD. 
PRIOR FDA DOSE CONCURRENCE:  Yes (ExecCAC meeting minutes dated November 17, 
2016, Appendix-1).   
MICE CARCINOGENICITY:  Negative in males and females.    
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MICE TUMOR FINDINGS:  There were no tenapanor or AZ13792915-related neoplastic findings 
in male and female mice in any group. The neoplastic findings were distributed randomly among 
groups, and their appearance was similar to the findings in controls.  
 
MICE STUDY COMMENTS:  The doses used in the 6-month carcinogenicity study of tenapanor 
and AZ13792925 were concurred by the Executive CAC Committee, and the conduct of the study 
is appropriate for the carcinogenicity assessment of tenapanor and its major metabolite, 
AZ13792915.  
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COVERSHEET FOR CARCINOGENICITY STUDY IN MICE 
 

1. Study No: RDX5791-TX-16 
2. Name of Laboratory:  
3. Strain: CByB6F1/Tg rasH2 hemizygous (transgenic) mice 
4. No./sex/group: Negative Control (Milli-Q Water): 25 

  Vehicle Control (0.1% Tween 80, 1% DMSO in Milli-Q Water): 25 
  Tenapanor: 
    Low dose: 25 

Mid dose: 25 
High dose: 25 

  Positive Control (N-Nitrosomethylurea [NMU]): 15 
   
   AZ13792925  (tenapanor metabolite): 
     Low dose: 25 
     High dose: 25 

5. Dose (0, L, M, H): 
   Male:  Tenapanor: 0, 10, 30 and 100 mg/kg/day 
    AZ13792925 0, 55 and 165 mg/kg/day  
   Female: Tenapanor: 0, 100, 300 and 800 mg/kg/day 

   AZ13792925 0, 55 and 165 mg/kg/day   
6. Basis of dose selection stated: Yes. Based on MFD and MTD for tenapanor and 

AZ13792925, respectively as recommended by the Executive CAC. 
7. Interim sacrifice: No 
8. Total duration (weeks): 26  
9. No. alive at termination: 
 

Drug Product Dose Male Female 
Alive/total no. 

of animals 
% 

survival 
Alive/total no. 

of animals 
% 

survival 
Negative control 
(Milli-Q Water) 

0 24/25 96 25/25 100 

Vehicle control (0.1% 
Tween 80) 

0 24/25 96 23/25 92 

Vehicle control (1% 
Tween 80, 1% DMSO) 

0 25/25 100 24/25 96 

AZ13792925 
(Tenapanor metabolite) 

Low dose  24/25 96 25/25 100 
High dose  25/25 100 23/25 92 

Tenapanor Low dose 25/25 100 24/25 96 
Mid dose  24/25 96 24/25 96 
High dose 24/25 96 24/25 96 

Positive control N-
methyl-N-nitrosourea 
[NMU]  

7.5 mg/mL 
(10 mL/kg) 

2/15 13.33 3/15 20 
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10. Statistical methods used: The incidence of neoplasms and non-neoplastic findings were 
analyzed by using the method of Peto et. al. (Peto R, Pike MC, Day NE, Gray RG, Lee PN, 
Parish S, Pete J, Richards S, Wahrendorf J. Guidelines for simple, sensitive significance 
tests for carcinogenic effects in long-term animal experiments. In long-term and short-term 
screening assays for carcinogens: a critical appraisal. Annex to Supplement 2. p. 311-426. 
International Agency for Research on Cancer, Lyon; 1980). Prevalence analyses were used 
for tumors that do not lead directly or indirectly to death. Pair-wise one-sided (Peto) 
comparisons to the controls were also computed. For all trend and pair-wise analyses, the 
exact version of the Peto test was utilized. Towards positive trend, common and rare 
tumors were tested at p values of 0.005 and 0.025 significance level, respectively. Common 
and rare tumors were also compared pair-wise at p values  of 0.01 and 0.05 for significance 
levels, respectively. 
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26-Week Oral Carcinogenicity Study in CByB6F1/Tg rasH2 Mice 
 
Key study findings:  Tenapanor and its metabolite (AZ13792925) was administered twice daily 
by oral gavage to male and female CByB6F1/Tg rasH2 mice for 26 weeks to evaluate its 
oncogenic potential. Male animals were administered tenapanor at dose levels of 10, 30 and 100 
mg/kg/day (5, 15 and 50 mg/kg BID), and female animals were administered 100, 300 and 800 
mg/kg/day (50, 150 and 400 mg/kg BID) orally. AZ13792925 (tenapanor metabolite) was 
administered once daily to male and female mice at dose levels of 55 and 165 mg/kg/day by oral 
gavage. The negative control group received Milli-Q Water (BID), the vehicle control groups 
received 1% Tween 80, 1% DMSO in Milli-Q Water (BID) and 0.1% Tween 80 (QD) by oral 
gavage. The positive control was 7.5 mg/mL N-Nitrosomethylurea (NMU) in Citrate-buffered 
saline (pH 4.5).  
 
There were no tenapanor or AZ13792925-related effects on survival rates of males or females. For 
the positive control group, there was a high incidence of mortality in males (13 out of 15 [87%]) 
and females (12 out of 15 [80%]) administered NMU. Males and females in the 165 mg/kg/day 
AZ13792925 dose group showed reductions of body weight (13.3% and 8.3%, respectively), 
compared to controls (0.1% DMSO 80, in Milli-Q Water). Due to the decrease in mean body weight, 
the high dose of 165 mg/kg was reduced to 110 mg/kg/day on Day 99.  The body weight still 
remained lower in males (12.8%) and females (7.0%) at study termination Day 182. No Tenapanor 
or AZ13792925-related neoplastic or non-neoplastic findings were noted in TgRasH2 mice. The 
positive control group exhibited the expected neoplastic (increased incidence of malignant 
lymphoma, squamous cell papilloma, and squamous cell carcinoma) changes. 
 
Study number:  RDX5791-TX-16 
 
Volume # and page #:  EDR submission, dated April 27, 2018   
 
Conducting laboratory and location:   
 
Date of study initiation:  December 13, 2016 
 
GLP compliance:  A statement of compliance was included. 
 
QA report:  yes ( X )  no ( )   
 
Drug, lot #, and % purity: Tenapanor Lot # X3149548 (HQ00008.5F), purity 92.2%. 
    AZ13792925 (metabolite), Lot # ET10834-1-P1, purity 98.1%   
 
CAC concurrence:  Yes (ExecCAC meeting minutes dated November 17, 2016, Appendix-1) 
 
Study Type:  26-Week bioassay 
 
Species/strain:  CByB6F1/Tg rasH2 Mice     
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Number/sex/group; age at start of study: 8 weeks old at the initiation of dosing. Number of 
animals per group is provided in the Table below. 
 
Group 
No. 

Test Material Number of  
Animals and Dose 

Number of  
Animals and Dose 

Male Dose 
(mg/kg/day) 

Female Dose 
(mg/kg/day) 

1 Milli-Q Water (Negative control) 25 0 25 0 
2 0.1% Tween 80 (Vehicle control) 25 0 25 0 
3 1% Tween 80, 1% DMSO 

(Vehicle control) 
25 0 25 0 

4 AZ13792925 (Tenapanor 
metabolite) 

25 55 25 55 

5 AZ13792925 (Tenapanor 
metabolite) 

25 165/110* 25 165/110* 

6 Tenapanor 25 10 25 100 
7 Tenapanor 25 30 25 300 
8 Tenapanor 25 100 25 800 
9 N-methyl-N-nitrosourea [NMU] 

(Positive control) 
15 75 15 75 

10 Health Screen/Sentinel 15  15  
*Animals were dosed at 165 mg/kg/day from Days 1 to 98. The dose level was subsequently reduced to 110 mg/kg/day beginning on Day 99 after 
discussion with Agency (March 14, 2017) regarding poor mean body weights. 

 
Animal housing:  Animals were housed individually in polycarbonate cages equipped with an 
automatic watering valve.   
 
Formulation/vehicle:   

 Tenapanor and AZ13792925 dosing formulations were prepared in 1% Tween 80, 1% 
DMSO in Milli-Q Water. The positive control article (N-methyl-N-nitrosourea [NMU]) 
was prepared fresh in citrate-buffered saline on the day of dosing (Day 3).  
 

Drug stability/homogeneity:  Formulations samples from the top, middle and bottom of the 
container were assessed for homogeneity, stability and concentration on Weeks 1, 4, 12, 16, 20, 
and 26. The samples were found to be stable at room temperature.  
 
Methods: 
  

Doses: Male:   Tenapanor: 0, 10, 30 and 100 mg/kg/day 
    AZ13792925 0, 55 and 165 mg/kg/day  
  Female:  Tenapanor: 0, 100, 300 and 800 mg/kg/day 
    AZ13792925 0, 55 and 165 mg/kg/day   
 

Basis of dose selection:  Based on MFD and MTD for tenapanor and AZ13792925, 
respectively as recommended by the Executive CAC. 
 

 Restriction paradigm for dietary restriction studies:  None 

Reference ID: 4390680Reference ID: 4492620



IND 108732                                                                                                          Reviewer: Dinesh Gautam, Ph.D 
 

 10

  
Route of administration:  Oral gavage.   

 
 Frequency of drug administration: Tenapanor: Twice daily 
      AZ13792925: Once daily  
 Dual controls employed:  Yes (0.1% Tween 80 and 1% Tween 80, 1% DMSO) 
  
 Interim sacrifices:  None 
 

Study Design:  The study design is shown in the table below (from page 28 and 29 of the 
study report). 

 
 
Satellite group for toxicokinetics:  Yes. 

  
 Deviations from original study protocol:  There were minor protocol deviations which 

did not have any impact on the results and study interpretations. 
 
Statistical methods:   
 
Mortality:  Kaplan-Meier estimates of group survival rates were calculated. Mortality data 
were analyzed by comparing different dosage groups by using nonparametric time-adjusted 
methods, for example, log-rank, including a two-sided test for trend with dose and pair-
wise two-sided comparisons to controls. 
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Tumor Data:  Statistical analysis of the tumor incidence data was conducted in accordance 
with the FDA draft Guidance for Industry: Statistical Aspects of the Design, Analysis, and 
Interpretation of Chronic Rodent Carcinogenicity Studies of Pharmaceuticals. Tumor 
incidence data were analyzed using both survival adjusted and unadjusted tests. The 
unadjusted tests were based on the incidence and number of sites examined for each tumor 
type. The Cochran-Armitage trend test and Fisher’s exact test were used to compare the 
statistical significance of the treatment groups with the control group. The survival adjusted 
test was conducted according to the prevalence/mortality methods. The fatal and incidental 
tumors were analyzed by survival adjusted trend test (Peto et al., 1980). Each diagnosed 
tumor type was analyzed separately and, analysis of combined tumor types were performed 
as described by McConnell et al (J Natl Cancer Inst 1986:76:283-289). Evaluation criteria 
(p-values of significance) were applied differently for rare tumors (background rate of 1% 
or less) and common tumors (background rate greater than 1%). 
 

Observations and times: 
  
 Mortality:  Twice daily, once in the morning and once in the evening. 
 

Clinical Signs:  Cage side clinical observation was performed once daily. Detailed clinical 
observation was performed once weekly. 

 
Body weights:  Once weekly.    

  
Food consumption:  Food consumption was measured weekly. 
 
Ophthalmoscopy:  Not conducted. 

  
Hematology:  Blood samples were collected to analyze the hematological parameters. 

 
 Gross pathology:  At necropsy 
 

Organ Weights:  Following organs were weighed at necropsy for all scheduled euthanasia 
animals (from page 36 of the study report). 
 

 
  

Histopathology:  The following tissues from all main study animals were examined.    
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Toxicokinetics:  Blood samples from TK animals were collected on Day1 and Day 180. 
The Sponsor’s Tables below show the TK sample collection schedule (from page 32 of the 
study report). 
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Results: 
 
Mortality:  There was no tenapanor- and AZ13792925-related effect on survival. The survival 
rates were similar among all treated groups and both sexes. Summary of the survival data and  
Kaplan-Meier survival plots for male and female mice are provided below.   
 

Table: Survival rate of male and female mice 
Sex Group Test Material Dose 

(mg/kg/day) 
No. of 
Mice 

No of 
Deaths 

No. of survivors at 
Termination 

Survival 
% 

 
 
 
 
Male 

1 Milli-Q Water 0 25 1 24 96 
2 0.1% Tween 80 0 25 0 25 100 
3 1% Tween 80 & 

1% DMSO 
0 25 1 24 96 

4 AZ13792925 55 25 1 24 96 
5 AZ13792925 165/110** 25 0 25 100 
6 Tenapanor 10 25 0 25 100 
7 Tenapanor 30 25 1 24 96 
8 Tenapanor 100 25 1 24 96 
9 NMU* 75 15 13 2 13 

 
 
 
 
Female 

1 Milli-Q Water 0 25 0 25 100 
2 0.1% Tween 80 0 25 1 24 96 
3 1% Tween 80 & 

1% DMSO 
0 25 2 23 92 

4 AZ13792925 55 25 0 25 100 
5 AZ13792925 165/110* 25 2 23 92 
6 Tenapanor 100 25 1 24 96 
7 Tenapanor 300 25 1 24 96 
8 Tenapanor 800 25 1 24 96 
9 NMU* 75 15 12 3 20 

*NMU = N-Nitrosomethylurea in citrate-buffered saline (Positive Control) 
**Dose level was reduced to 110 mg/kg/day on Day 99 
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Clinical signs:  No tenapanor- and AZ13792925-related clinical signs were observed. However, 
females administered 165/110 mg/kg/day AZ13792925 exhibited dehydration, hunched posture, 
and thin appearance. Clinical signs in the NMU (positive control) mice included decreased 
activity, abdominal distension, cold to touch, dehydration, hunched posture, thin appearance, high 
incidence of skin papules, ocular discharge, ungroomed, lying on side, and changes in respiration 
(e.g., increased, irregular, or shallow).   
 
Body weight:  There was no significant effect of treatment on the body weight of males and 
females following treatment of tenapanor for 26 weeks.  Mean body weights were lower for 
AZ13792925 165 mg/kg/day males (12.5% on Day 92) and females (9.1% on Day 50) prior to the 
reduction in dose level on Day 99 to 110 mg/kg/day, compared to their 01% Tween 80 controls. 
Following reduction of dose to 110 mg/kg/day, males showed 12.8% and females showed 7.0% 
reduction in mean body weight at study termination Day 182. Mean body weights of mice 
administered NMU (positive control) were significantly lower than controls.  
  
Food consumption:  There was no test article-related effect on food consumption.  However, 
mean food consumption in the AZ13792925 165/110 mg/kg/day males and females was generally 
lower than the 0.1% Tween controls beginning on Days 8 to 15 (male: 4.99g vs 6.72g; female 
5.20g vs 7.40g).  
 

Hematology:  There were no test article-related changes in hematology parameters during the 
study.  
 
Organ Weights:  At ≥300 mg/kg tenapanor, absolute and relative (to body weight) weights of the 
uterus and spleen were lower in females, compared to control. In males, the absolute and relative 
weights of the adrenal glands were increased at ≥30 mg/kg tenapanor, compared to control. In the 
positive control female group, increased absolute and relative weights of the liver, kidneys, spleen, 
and uterus were due to malignant lymphoma. 
 
Female Uterus Spleen Male Adrenal gland 
Tenapanor 
(mg/kg/day) 

Absolute 
weight (g) 

Relative 
weight 
(%) 

Absolute 
weight (g) 

Relative 
weight 
(%) 

Tenapanor 
(mg/kg/day) 

Absolute 
weight (g) 

Relative 
weight 
(%) 

0 0.3146 1.39578 0.1009 0.42610 0 0.00454 0.01522 
100 0.2752 1.10472* 0.0917 0.36785 10 0.00490 0.01647 
300 0.2130* 0.88612* 0.0764* 0.31908* 30 0.00526* .001774* 
800 0.1797* 0.77241* 0.0772* 0.33254* 100 0.00545* 0.01962* 
*p=0.05-0.001 

 
Gross pathology:  There were no AZ13792925- or tenapanor-related gross pathology findings at 
unscheduled or scheduled necropsies. The findings were distributed randomly among groups.   
 
Histopathology:   
 
Non-neoplastic:  There were no AZ13792925- or Tenapanor-related non-neoplastic observations. 
Non-neoplastic findings were distributed randomly among groups, or their appearance was similar 
to findings in controls. NMU-administered positive control mice exhibited expected non-neoplastic 
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histopathology changes in the retina (degeneration affecting the outer nuclear layer in 100% of 
males and females examined).  
 
Neoplastic:   There were no statistically significant findings for tumor incidences among males or 
females. Neoplastic findings noted among mice administered control articles (Milli-Q water, 0.1% 
Tween 80, or 1% Tween 80 & 1% DMSO) or test articles (AZ13792925 or Tenapanor) occurred 
sporadically with a low incidence rate that was non dose-responsive. The neoplastic lesions for 
different groups are presented in Appendix 3 (from page 1468-1493 of the study report).  
 
The data were also reviewed by the FDA statistician (Malick Mbodj, PhD), and did not show a 
significant increase in the neoplastic incidences for individual organs or after combining the tumor 
incidences related to test articles (AZ13792925 or Tenapanor). As expected, for the positive 
control group, there was a high incidence of mortality in males (13 out of 15 = 87%) and females 
(12 out of 15 = 80%) administered NMU. The positive control group exhibited neoplastic 
(increased incidence of malignant lymphoma, squamous cell papilloma, and squamous cell 
carcinoma) and non-neoplastic (retinal degeneration) changes, thereby validating the CByB6F1-
Tg-(HRAS)2Jic hemizygous mouse model used in this study. 
 
Toxicokinetics:  Peak plasma concentrations of AZ13792925 were observed within 0.5 hours. The 
half-life (t1/2) of AZ13792925 ranged from 1.75 to 4.24 hours in males and 1.67 to 6.40 hours in 
females. The Cmax and AUC(0-24h) were increased with an increase in dose in a greater than dose-
proportional manner in males and females on Day 1 and Day 180. There was a trend towards 
increased AZ13792925 exposure in terms of AUC0-24 in female mice when compared to males 
with fold changes that ranged from 2- to 3-fold higher. Accumulation ratios were 1.86 and 1.31 at 
the 55 mg/kg/day dose level in males and females, respectively. The TK parameters of 
AZ13792925 for male and female animals are shown in the Table below (from page 47 of the 
report). 
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After oral administration of tenapanor to male and female mice, peak plasma concentrations of the 
metabolite, AZ13792925 were observed within 0.5 to 1 hour following the first dose. The half-life 
(T1/2) of AZ13792925 was not calculated. The Cmax and AUC(0-inf) of AZ13792925 increased with 
increasing dose in a less than dose-proportional manner on both evaluation days. Accumulation 
ratios were 1.72 and 2.78 at the 100 mg/kg/day dose level in males and 800 mg/kg/day in females, 
respectively. The TK parameters of AZ13792925 following oral administration of tenapanor to 
male and female mice are shown in the Table below (from page 48 of the report). 
 

 
Summary of individual study findings: 
  
Adequacy of the carcinogenicity study and appropriateness of the test model:  The study 
methodology appears to be appropriate and acceptable.   
 
Evaluation of tumor findings:  There was no tenapanor- and AZ13792925-related increase in 
tumor incidences in male and female Tg rasH2 mice. 
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RATS CARCINOGENICITY STUDY 
 
STUDY DURATION (weeks):  104  
STUDY STARTING DATE:  January 20, 2014 
STUDY ENDING DATE:  18-29 January, 2016 
RAT STRAIN:  Crl:CD(SD) rats 
ROUTE: Oral (gavage) 
DOSING COMMENTS: The tenapanor dose levels used in the 2-year rat carcinogenicity study 
were 0 (vehicle), 1, 3, and 10 mg/kg/day. The high-dose of 10 mg/kg/day was selected based on 
the MTD from the 14-day and 6-month toxicology studies in rats, and was concurred by the CDER 
Exec CAC (Exec CAC meeting minutes dated December 17, 2013, Appendix 3). Beginning on 
Day 69, due to extended clinical signs and body weight loss, both male and female rats in the 10 
mg/kg/day (high) dose group were placed on a dosing holiday. On April 11, 2014 (SDN 034), the 
Sponsor submitted a protocol amendment for the reduction of the high dose from 10 mg/kg/day to 
5 mg/kg/day based on body weight loss (up to 20% at the mid and high doses during Week 8 of the 
study), and the ECAC concurred with the Sponsor’s proposal for the dose reduction. In addition to 
agreeing with the reduction of the high dose, the ECAC also recommended that the mid-dose be 
reduced from 3 mg/kg/day to 2 mg/kg/day. On Day 86, the 10 mg/kg/day (high) dose level was 
reduced to 5 mg/kg/day due to decrease in body weight up to 20%. On Day 92, for both male and 
female rats, the 3 mg/kg/day (mid) dose level was reduced to 2 mg/kg/day.   
 
Males in group 4 (10/5 mg/kg/day) were terminated early during Week 83, as only 15 animals 
survived in the group. All other male groups were terminated during Week 86 after only 20 
animals survived in the male vehicle control group. All female groups were terminated on Week 
96 due to survival in the vehicle control female group reached 20 animals. 
 
NUMBER OF RATS: 
 

Study Group Number of Animals 
Male Female 

Control (C1) 60 60 
Low Dose  60 60 
Middle Dose 60 60 
High Dose 60 60 

 
RATS DOSE LEVELS: 
  

Study Group Dose Level (mg/kg/day) 

Control (C1) 0 
Low Dose  1 
Middle Dose 3/2* 
High Dose 10/5** 

        * On Day 92, 3 mg/kg/day dose was reduced to 2 mg/kg/day 
 ** On Day 86, 10 mg/kg/day dose was reduced to 5 mg/kg/day. 
 

BASIS FOR DOSES SELECTED: Maximum Tolerated Dose (MTD). 
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PRIOR FDA DOSE CONCURRENCE:  Yes (Exec CAC meeting minutes dated December 17, 
2013, Appendix 3).   
RAT CARCINOGENICITY:  Negative in male and female rats.   
RAT TUMOR FINDINGS:  Once daily oral gavage administration of AZD1722 at dose levels of 
0, 1, 3/2, or 10/5 mg/kg/day for males up to Week 86 and for females up to Week 96 did not result 
in an increase in tumor incidences. 
 
RAT STUDY COMMENTS:  The high-dose selection was based on the MTD, and was concurred 
by the Executive CAC. The study appears to be valid and acceptable.   
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COVERSHEET FOR CARCINOGENICITY STUDY IN RATS 
 

1. Study No: 3732  
2. Name of Laboratory:  
3. Strain: Crl:CD®(SD) rats 
4. No./sex/group: 60 animals/sex/group.  
5. Dose (0, L, M, H): 0, 1, 3/2 and 10/5 mg/kg/day for both males and females. 
6. Basis of dose selection stated: Based on MTD, and was concurred with by the Executive 

CAC.  
7. Interim sacrifice: No 
8. Total duration (weeks): Males: 86 weeks; Females: 96 weeks 
9. No. alive at termination: 
 

 Male Female 
Alive/total no. of 

animals 
% 

survival 
Alive/total no. of 

animals 
% 

survival 
Control 20/60 33 20/60 33 
Low dose 15/60 25 22/60 37 
Mid dose 22/60 37 14/60 23 
High dose 15/60 25 17/60 28 

 
10. Statistical methods used: The incidence of neoplastic and non-neoplastic findings were 

analyzed by time-adjusted Peto et. al.  methods (Peto R, Pike MC, Day NE, Gray RG, Lee 
PN, Parish S, Pete J, Richards S, Wahrendorf J. Guidelines for simple, sensitive 
significance tests for carcinogenic effects in long-term animal experiments. In long-term 
and short-term screening assays for carcinogens: a critical appraisal. Annex to Supplement 
2. p. 311-426. International Agency for Research on Cancer, Lyon; 1980). Prevalence 
analyses were used for tumors that did not lead directly or indirectly to death. Pair-wise 
one-sided (Peto) comparisons to the controls were also computed. For all trend and pair-
wise analyses, the exact version of the Peto test was utilized. Towards positive trend, 
common and rare tumors were tested at p values of 0.005 and 0.025 significance levels, 
respectively. Common and rare tumors were also compared pair-wise at p values of 0.01 
and 0.05 significance levels, respectively. 
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104-Week Oral Carcinogenicity Study in Crl:CD1®(SD) Rat: 
 
Key study findings: Tenapanor (AZD1722) was administered once daily by oral gavage at dose 
levels of 0, 1, 3/2 and 10/5 mg/kg/day to male and female Crl:CD rats for 83 to 96 weeks. The 
high-dose selection was based on the MTD, and was concurred by the Exec CAC. Due to body 
weight loss in mid and high dose groups, the high dose was reduced from 10 mg/kg/day to 5 
mg/kg/day, and the mid- dose was reduced from 3 mg/kg/day to 2 mg/kg/day, and was concurred 
by the Exec CAC. The high and mid dose levels were adjusted on Days 86 (Week 13) and 92 
(Week 14), respectively.   
 
There were no tenapanor- related statistically significant findings among males or females for 
survival rates. Tenapanor treated animals showed up to 20% reduction in body weight within the 
first 3 months of the study, which prompted dose level reductions. Gross pathology (dark, green, 
mucoid, watery, gritty, and/or soft material) and microscopic (ulceration, mixed cell inflammation) 
findings in the gastrointestinal tract were generally most pronounced in the cecum, and there were 
higher incidences in males at ≥1 mg/kg/day and females at ≥3/2 mg/kg/day.  
There was no significant positive trend for any tumor in male or female rats. Thus, tenapanor did 
not cause any treatment-related neoplasms in rats in the 2-year oral carcinogenicity study.   
 
Study number: 3732  
 
Volume # and page #: EDR submission   
 
Conducting laboratory and location:  
 
Date of study initiation: January 20, 2014 
 
 
GLP compliance: A statement of compliance was included. 
 
QA report:  yes ( X )  no ( ) 
 
Drug, lot #, and % purity: AZD1722, Lot # 13-001538AZ, purity 99.8%.  
 
CAC concurrence: Yes, the doses used in the 2-year rat carcinogenicity study was concurred with 
by the Exec CAC (ExecCAC meeting minutes dated December 17, 2013, Appendix 3) 
 
Study Type: 2-year bioassay 
 
Species/strain: Crl:CD1®(SD) Rat      
 
Number/sex/group; age at start of study: 8 weeks old at the time of study. Number of animals 
per group is given in the Table below. 
 

Study Group Number of Animals 
Male Female 
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Control (C1) 60 60 
Low Dose  60 60 
Middle Dose 60 60 
High Dose 60 60 

 
Animal housing: Animals were housed individually in stainless steel wire mesh-bottomed cages 
equipped with an automatic watering valve.  The targeted conditions for animal room environment 
and photoperiod were as follows: Temperature: 68-79°F, Humidity: 30 - 70%, Light cycle: 12 
hours light and 12 hours dark cycle.  
 
Formulation/vehicle: 0.1% (v/v) TWEEN 80 in Milli-Q Water. 
 
Drug stability/homogeneity: Samples of prepared formulations mixed for the homogeneity 
analysis were collected from the middle of the container. Concentration results were considered 
acceptable if the mean sample concentrations were within or equal to ± 10% of the theoretical 
concentration. The dosing formulation was found to be homogeneous and stable for at least 1 day 
when stored at ambient laboratory temperature in the dark and at least 8 days when stored at 2 to 
80C in the dark. 
 
Methods: 
  

Doses: 0, 1, 3/2, and 10/5 mg/kg/day 
  

Basis of dose selection: Based on MTD, and the doses were concurred with by the 
Executive CAC on June 2, 2005. 

 
 Restriction paradigm for dietary restriction studies: Not applicable 
  

Route of administration: Oral gavage. 
 
 Frequency of drug administration: Once daily  
  
 Dual controls employed: No 
  
 Interim sacrifices: None 
 

Study Design: The study design is shown in the Table below (from page 15 of the study 
report). 
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Satellite group for toxicokinetics: Yes (shown in the above Table). 

  
 Deviations from original study protocol: There were minor protocol deviations which did 

not have any impact on the results and study interpretations. 
 
Statistical methods: 
 
Mortality: The Kaplan-Meier’s curves were presented graphically for male and female rats 
separately. Mortality data were analyzed by comparing different dosage groups by using 
nonparametric time-adjusted methods, for example, log-rank, including a two-sided test for 
trend with dose and pair-wise two-sided comparisons to controls. 
 
Tumor Data: The incidence of neoplastic and non-neoplastic findings were analyzed by 
time-adjusted Peto et. al. methods using cause of death information for the treatment 
groups. Prevalence analyses were used for tumors that did not lead directly or indirectly to 
death; otherwise, life table methods were used (for fatal and palpable tumors). Pair-wise 
one-sided (Peto) comparisons to the controls were also computed. For all trend and pair-
wise analyses, the exact version of the Peto test was utilized.  

 
Observations and times: 
  

Mortality: Twice daily, once in the morning and afternoon throughout the study.  
 
Clinical Signs: Twice daily. Cage side clinical observations were performed once daily 
beginning during Week -1 and continuing throughout the dosing phase. A detailed clinical 
examination was performed once during each study week.  

 
Body weights:  Each animal was weighed at least once weekly, starting Week -1, twice 
weekly for Weeks 1 to 4, once weekly for Weeks 5 to 9, twice weekly for Weeks 10 to 18, 
once weekly for Weeks 19 to 24, once every 2 weeks for Weeks 26 to 36, and once every 4 
weeks thereafter. 

  
Food consumption:  Food consumption was measured and recorded once weekly, starting 
on Day -7, through Week 14, once every 2 weeks for Weeks 16 to 26, and once every 4 
weeks thereafter.  
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Ophthalmoscopy: Ophthalmological examinations were performed on Day -9 and during 
Weeks 52 and 83/86/95. 

  
Hematology: Blood samples were collected at gross necropsy for determination of the 
hematology parameters. 

 
Serum Chemistry: Blood samples were collected to determine serum sodium levels in the 
toxicokinetic animals prior to termination during Week 52. 

 
Serology: Serological tests were performed at Weeks 26, 52, 78, 88 (males only), and 96 
(females only) to determine the following diseases: pneumonia virus of mice (PVM), 
reovirus type 3 (REO), mouse encephalomyelitis virus (GDVII), Sendai virus (SEND), 
lymphocytic choriomeningitis virus (LCMV), Kilham rat virus (KRV), rat 
coronavirus/sialodacryoadenitis virus (SDAV), Mycoplasma pulmonis (MPUL), and 
Toolan’s H-1 virus (H-1). At the 12- and 18-month evaluation periods, serological 
evidence of the following additional parameters was determined: non-structural protein 1 
(NS-1), rat parvovirus (RPV), epizootic diarrhea of infant mice (EDIM), cilia-associated 
respiratory bacillus (CARB), and rat minute virus (RMV). Additionally, perianal 
cellophane tape tests for pinworm eggs and floatation method tests on feces for parasite 
eggs were conducted. 

  
 Gross pathology: At necropsy 
 

Organ Weights: Not measured. 
  

Histopathology: All tissues from all main study animals were examined. The tissues 
examined for the main study groups are shown in the following list (from page 33 of the 
study report). 
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Toxicokinetics: Blood samples were collected from the treatment group animals at 
schedules shown in the Sponsor’s Table below (from page 30 of the study report). 
 

 
 

 
 
Results: 
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Mortality: There was no tenapanor-related effect on mortality. The survival rates were similar 
among all groups and both sexes. A summary of the survival data and Kaplan-Meier survival plots 
are presented below (page 14, 22 and 23 from statistical review by Malick Mbodj, Ph.D.). 
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Clinical signs: Test article-related clinical observations included soft and liquid feces (as 
expected) and brown fur (related to the changes in feces) in all treated groups and brown skin 
staining in Group 3 (3/2 mg/kg/day) and Group 4 (10/5 mg/kg/day) males. 
 
Body weight: AZ1722-related decreases in body weight were noted in males and females at 10/5 
mg/kg/day compared with controls beginning on Day 4 and continued for the duration of 
treatment, and the differences were generally statistically significant. The mean body weight of 
males in the 3/2 mg/kg/day dose group and females in the 1 and 3/2 mg/kg/day dose groups 
showed a statistically significant decrease in body weight on Days 67 and 22, respectively that 
continued throughout the study.   
 
The mean body weights of male and female rats are shown in the Table below.  
 

Table: Body weight of male and female rats (g) 
 
 
 
 
Male 

Days Group 1 
(0 mg/kg/day) 

Group 2 
(1 mg/kg/day) 

Group 3 
(3/2 mg/kg/day) 

Group 4 
(10/5 mg/kg/day) 

1 251.6±14.2 249±13.9 249.4±13.7 246.6±12.0 
4 277.8±15.4 277.1±15.8 273.9±14.0 267.8±12.6*** 
57 585.5±50.8 580.0±48.9 568.6±45.1 512.9±45.5*** 
67 611±54.9 598.5±54.5 561.7±48.4*** 488.9±57.8*** 
92 663.4±64 651.6±57.9 625.7±55.2** 600.0±51.2*** 
204 808.2±100.8 791.6±84.6 764.2±84.7* 734.3±76.8*** 
358 903.9±104.1 881.2±105.4 841.7±114.7** 811.7±91.4*** 
470 902.7±104.4 884.6±137.8 884.7±124.8 819.1±112.7* 
554 891.8±118.9 909.8±125.2 868.7±140.4 828.4±113.5 

 
 
 
Female 

1 191.0±10.9 189.3±10.5 189.5±11.2 187.2±10.3 
4 203.8±12.6 202.3±12.1 202.8±12.1 197.9±12.0* 
57 320.0±26.1 295.3±28.5*** 296.6±23.2*** 289.8±23.7*** 
67 328.1±29.3 297.6±27.4*** 298.2±25.9*** 260.4±33.3*** 
92 346.1±33.3 316.9±30.3*** 316.8±26.4 315.4±25.8*** 
204 421.6±53.2 372.0±46.2*** 373.3±37.6*** 364.6±39.7*** 
358 511.7±79.5 422.5±60.4*** 436.4±55.9*** 412.1±50.3*** 
470 532.3±100.8 441.7±60.5*** 456.5±56.3** 418.3±62.7*** 
667 641.4±114.0 472.2±68.0** 574.7±61.2 435.9±102.6*** 

*=Significantly different from control (p<0.05) 
** =Significantly different from control (p<0.01) 
*** = Significantly different from control (p<0.001) 

 

The following figures (from page 54 and 56 of the study report) show the growth curves for males 
and females. 
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  Figure: Growth curve of Males. 

 
Figure: Growth curve of Females. 

 
 
Food consumption: Mean food consumption of males and females at the 10/5 mg/kg/day dose 
was significantly lower prior to the dosing holiday beginning on Day 69 (22% vs control). During 
the dosing holiday for Group 4, food consumption was notably increased. After dosing resumed 
(Days 86 and 92), mean food consumption was still decreased (sometimes statistically) over the 
course of the study for Group 4 males and females. In addition, mean food consumption was 
generally lower for Group 2 and 3 females compared to control during the study.  
 

The following figures (from page 58 and 60 of the study report) show the summary of food 
consumption for males and females. 
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Figure: Food consumption Males (g). 

 

 
Figure: Food consumption Females (g). 

 

 
 

Ophthalmoscopy:  There were no test article-related ophthalmic changes noted. 
 
Hematology: There were no test article-related changes in hematology parameters.  
 
Serum Chemistry: Serum sodium concentration was measured in the toxicokinetic animals only 
prior to termination during Week 52. Although statistical analysis was limited due to the number 
of remaining animals, sodium values were similar among the groups. 
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Gross pathology: Test article-related gross pathology findings were noted in the gastrointestinal 
tract (stomach, duodenum, jejunum, ileum, cecum, colon, and rectum) and mesenteric lymph 
nodes. An increased incidence of abnormal content (dark, green, mucoid, watery, gritty, and/or soft 
material) was noted in the males and females at all dose levels. The increased incidence of 
abnormal content was generally non-dose-responsive, was higher in males than females, and 
exhibited the highest incidence in the cecum and colon compared to other portions of the 
gastrointestinal tract. Perforation of the cecum in females at 10/5 mg/kg/day was also correlated 
microscopically with perforation in 1 of the affected animals. Dilatation was noted in the stomach 
of males at ≥1 mg/kg/day; duodenum of males and females at ≥3/2 mg/kg/day; and jejunum, 
ileum, cecum, and colon of males and females at ≥1 mg/kg/day. Dark discoloration was noted in 
the ileum and cecum of males at ≥1 mg/kg/day and in the cecum of females at ≥1 mg/kg/day. Dark 
discoloration or dark focus was noted at a higher incidence in males compared to females and 
correlated microscopically with hemorrhage or mixed cell inflammation in these tissues.  
 
Histopathology:   
 
Non-neoplastic: Non-neoplastic microscopic findings related to AZD1722 administration were 
noted in the gastrointestinal tract (jejunum, ileum, cecum, and colon) and mesenteric lymph node. 
In the cecum, minimal to severe hemorrhage and mixed cell inflammation in males and females at 
≥1 mg/kg/day with a dose-responsive increase in the incidence and/or severity were noted. 
Moderate perforation in 1 female at 10/5 mg/kg/day, and ulceration in 2 males at 3/2 mg/kg/day 
and 1 female at 10/5 mg/kg/day dose groups were observed. In the ileum, minimal to marked 
hemorrhage and mixed cell inflammation in males at ≥1 mg/kg/day, minimal hemorrhage in 1 
female at 10/5 mg/kg/day, and mild mixed cell inflammation in 1 female at 1 mg/kg/day dose 
group were noted. In the colon, AZD1722 caused non-dose-responsive hemorrhage in males at 
≥3/2 mg/kg/day (mild to moderate) and 1 female at 1 mg/kg/day (minimal), an increased incidence 
of non-dose-responsive mixed cell inflammation in males at ≥3/2 mg/kg/day, and mild thrombosis 
in 1 male and 1 female each at 10/5 mg/kg/day. In the jejunum, minimal to mild hemorrhage in 
males at ≥1 mg/kg/day and mild mixed cell inflammation in 1 male at 3/2 mg/kg/day were noted. 
In the mesenteric lymph node, there was an increased incidence of erythrocytosis in the males and 
females at ≥1 mg/kg/day which correlated with dark discoloration of the lymph node at necropsy. 
Summary of non-neoplastic findings are presented in the Table below (from page 43 and 44 of the 
study report). 
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Neoplastic: There were no neoplastic changes related to AZD1722 administration indicating no 
test article-related carcinogenic effects in rats. However, incidence of endometrial stromal sarcoma 
in the cervix at 1 mg/kg/day (3/60; 5.0%, not statistically significant) was higher than the control 
group (0/60) and higher than the historical range for this neoplasm at this Testing Facility (up to 
1.7%). There was no dose-responsive trend (1/60 and 0/60 at 3/2 mg/kg/day and 10/5 mg/kg/day, 
respectively) for the endometrial stromal sarcoma incidences. Similarly, the number of benign 
mixed sex cord stromal tumors in the ovary, a tumor which is not listed in the historical control 
data at this Testing Facility, was higher in the 1 mg/kg/day (3/60; 5.0%) and 10/5 mg/kg/day (2/60; 
3.3%) groups than in the concurrent control group (0/60). This tumor incidences in the ovary was 
also not statistically significant and lacked a dose-responsive trend and was therefore considered 
unrelated to AZD1722 administration. The tumor incidence summary is presented in the Table 
below (page 16-21 from statistical review by Malick Mbodj, Ph.D.). 
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Table3A: Turuor Rates and P-Values for Dose P.esponse. Relationship and the pairwise. comparisons 

Ai:ile Rats Poly 3 Test -
Omg ! mg 3/!' mg 10/~' mg 

Y •b. Coal C\=60) Low (1\=60) ~l..t C\=60) Higb (1\=60) 
Or2 ao i'.'\am• Tumor !Sam• P - Tr•od P - \ "C ,.s. L P -\"C ,.s. lf P - \"C ,.s. H 
Brain Astrocytoma, Malignant 0159 (2 1) 0160 (19) 0159 (20) 1/60 (17) 

0.2208 NC NC 0.4474 
1'.f eningioma, ?-.falignant 1159 (2 1) 0160 (19) 0159 (20) 1/60(17) 

0.3951 1.0000 1.0000 0.7013 
Gland, Ach .. al Cortical .4.denoma 1159 (2 1) 0160 (19) 1159 (21) 0/60(17) 

0.7403 1.0000 0.7561 1.0000 
Pheocbromocytoma, 3159 (22) 2160 (20) 1159 (20) 1/60 (17) 
Benion 0.8151 0.7971 0.9346 0.9111 
Pheochromocytoma, 1159 (2 1) 0160 (19) 1159 (20) 0/60(17) 
Malignant 0.7334 1.0000 0.7439 1.0000 
Pheocbromocytom.a 4159 (23) 2160 (20) 2159 (21) 1/60 (17) 
Benign/Malignant 0.8;87 0.8731 0.8856 0.9489 

Gland, Manunarv Adenoca.rcinoma. 0152 (18) 1/53 (18) 0/52 (18) 0154 (15) 
0.7391 0.5000 NC NC 

Adenowa 0152 (18) 1/53 (18) 0/52 (18) 0154 (15) 
0.7391 0.5000 NC NC 

Adenowa/Adenocarcino 0159 (2 1) 2160 (20) 0159 (20) 0/60(17) 

""' 0.7902 0.2317 NC NC 
Fibroade.noma 5152 (2 1) 3/53 (20) 2/52 (19) 0154 (15) 

0.9894 0.8656 0.9385 1.0000 
Gland, Parathyroid Adenowa 0/51(18) 0/45 (14) 1151 (18) 0/ 51 (14) 

0.5000 NC 0.5000 NC 
Gland, Pituitary Adenowa 17158 (38) 21/ 60 (31) 31/59 (39) 24160 (32) 

0.2943 0.7129 0.2765 0.4616 
Carcinoma 2158 (2 1) 1/60 (19) 0159 (20) 1/60(17) 

0.6842 0.8654 1.0000 0.8423 
Adenowa/Carcinoma 19159 (39) 22160 (32) 31/59 (39) 25/60 (33) 

0.3646 0.7848 0.3944 0.5557 
Gland, Prostate Adenocarcinoma 0159 (2 1) 0160 (19) 0159 (20) 1/60 (17) 

0.2208 NC NC 0.4474 
Gland, Thyroid C-Cell Adenoma 5159 (23) 4/60 (21) 3/59 (21) 4/60(19) 

0.5165 o.n23 0.8486 0.6639 
C-Cell Carcinoma 3159 (23) 2160 (20) 0159 (20) 1/60 (17) 

0.8386 0.7811 1.0000 0.9031 
Adenowa/Carcinoma C- 8159 (25) 5160 (21) 3/59 (21) 5/60(19) 
Cell 0.6475 0.8268 0.9624 0.7698 
Follicular Cell .4.denom.a 3159 (22) 3/60 (20) 2159 (21) 0/60(17) 

0.9605 0.6204 0.8131 1.0000 
Heat1 1'.fesotheliowa, 1159 (2 1) 0160 (19) 0159 (20) 0/60(17) 

1'.faliono>nt 1.0000 1.0000 1.0000 1.0000 
Hemob·mphoreticular Histioc)1ic Sarcoma 1159 (2 1) 1/60 (19) 0159 (20) 0/60(17) 
Tissue 0.9282 0.7308 1.0000 1.0000 

Leukemia, Granulocytic 0159 (2 1) 0160 (19) 0159 (20) 1/60 (17) 
0.2208 NC NC 0.4474 

Lymphoma, ?-.talignant 1159 (22) 0160 (19) 1159 (21) 0/60(17) 
0.7339 1.0000 0.7442 1.0000 
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Ai:ile Rats Poly 3 Test . 
Omg ! mg 3/! "' mg 10/~mg 

Y •b. Coal C\=60) Low (1\=60) ~l..t C\=60) Higb (1\=60) 
Organ i'.'\am• Tumor !Sam• P - Tr•od P - \"C ,.s. L P -\"C ,.s. lf P - \"C ,.s. H 
Kidaey Adenowa 1159 (2 1) 0/60 (19) 0159 (20) 2160(1S) 

0 .1314 1.0000 1.0000 0.4409 
Tubular Cell .4.de.noma 1159 (2 1) 0160 (19) 0159 (20) 0/60(17) 

1.0000 1.0000 1.0000 1.0000 
liver Cbolangiocarcinoma 0159 (2 1) 0/60 (19) 0159 (20) 1160 (17) 

0 .2208 NC NC 0.4474 
Hepatocellular .4.de.noma 1159 (2 1) 1160 (19) 0159 (20) 0/60(17) 

0 .92S2 o.nos 1.0000 1.0000 
Hepatocellular 0159 (2 1) 1160 (19) 1159 (20) 1160 (17) 
Carcinoma 0 .2533 0.4750 0.487S 0.4474 
Hepatocellular 1159 (21) 2160 (20) 1159 (20) 1160 (17) 
Adenowa/Carcinoma 0.5529 0.4812 0.7439 0.7013 

L)'llll'h Node, He.m.mgiosarcoma 0159 (2 1) 1160 (19) 1159 (21) 0159 (17) 
1'.f~e.nteiic 0.5934 0.4750 0.5000 NC 
Pancreas Adenowa 0159 (2 1) 0/60 (19) 1159 (21) 1160 (17) 

0 .1642 NC 0.5000 0.4474 
Carcinoma 0159 (2 1) 0160 (19) 1159 (20) 0/60(17) 

0 .4805 NC 0.487S NC 
Adenouu/Carcinoma 0159 (2 1) 0160 (19) 2159 (21) 1160 (17) 

0 .1649 NC 0.2439 0.4474 
ls!et Cell Adenowa 5159 (23) 4/60 (21) 1159 (23) 2160(1S) 

0 .7694 0.7223 0.3691 0.90S3 
ls!et Cell Carcinoma 1159 (2 1) 0160 (19) 1159 (20) 0/60(17) 

0 .7334 1.0000 0.7439 1.0000 
ls!et Cell 6159 (23) 4/60 (21) S/59 (24) 2160(1S) 
Adenowa/Carcinoma 0 .8287 O.Sl97 0.4120 0.94S7 

Sl<in Fibroma 2159 (21) 0160 (19) 0159 (20) 0/60(17) 
1.0000 1.0000 1.0000 1.0000 

Fibrosarcoma 0159 (2 1) 1160 (20) 0159 (20) 0/60(17) 
0 .7308 0.487S NC NC 

Ke.ratoacanthowa 2159 (2 1) 3/60 (21) 1159 (20) 1160 (17) 
0.1605 0.5000 O.S752 0.8423 

Leiomyosarcoma 0159 (2 1) 0160 (19) 1159 (20) 0/60(17) 
0 .4805 NC 0.487S NC 

Osteosarcoma 0159 (2 1) 0/60 (19) 0159 (20) 1160 (IS) 
0 .2308 NC NC 0.4615 

Papillolll.1 1159 (2 1) 2160 (20) 0159 (20) 0/60(17) 
0 .9273 0.4812 1.0000 1.0000 

Sch\vannoma, ?-.falignant 0159 (2 1) 1160 (20) 0159 (20) 0/60(17) 
0 .7308 0.487S NC NC 

Squamous Cell 3159 (22) 0/60 (19) 0159 (20) 0/60(17) 
Carcinoma 1.0000 1.0000 1.0000 1.0000 
Squamous Cell 6159 (23) 5160 (22) 1159 (20) 1160 (17) 
Carcinoma!Keratoacanth 0 .9S21 0.7277 0.9924 0.9S69 
oma/ 

Spleen He.m.mgiosarcoma 0159 (2 l) l /60 (20) 0159 (20) 0/60(17) 
0 .7308 0.487S NC NC 

Stomach Adenocarcinoma 0159 (2 l) 0159 (19) 0159 (20) I/ SS (17) 
0 .2208 NC NC 0.4474 
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Ai:ile Rats 
Omg ! mg 3/!" mg lOJ~mg 

'i" •b. Coal C\=60) Low (l\=(;0) ~l..t C\=(;0) Higb (l\=(;0) 
Organ i'.'\am• Tumor !Sam• P - Tr•od P - YC ,.s. L P -\"C ,.s. lf P - \"C ,.s. H 

Papilloma 0159 (2 1) l/59 (19) l/59 (21) 0/ 58 (17) 
0.5934 0.4750 0.5000 NC 

Ta.ii Ke.ratoacanthowa 1/6 (3) 115 (3) 018 (3) 0/3 (l) 
0.9333 0.8000 1.0000 1.0000 

Leiomyosarcoma 0/6 (3) 015 (2) 1/8 (4) 0/3 (l) 
0.5000 NC 0.5714 NC 

Uriaary Bladdex Transitional C.ell 0159 (2 1) 0/60 (19) l/ 59 (20) 0159 (16) 
Carcinoma 0.4737 NC 0.4878 NC -& XIZZ(JY): X=aamber of r.:unorbwinganitnals: YY=monaliry v.-e~gllt ed 10W mm:.ber o: anin::lls: ZZ=mwu ghred toi:al number of anin::lls 

obsenred: 
KC = NO! calculable 

Table 3B: Twuor Rates aad P-Values for Dose Response Relatian.tllp and the pain; ise. comparisons 

fem:ile Rats 
Omg ! mg 3/! ' mg ltJ~' mg 

\ '•b. Coal. (l\=(;0) Low (l\=(;0) ~l..t C\=(;0) High (l\=(;0) 
Oreao i'.'\am• Tumori'.'\am• P - Tr•od P -\"C ,.s. L P -\"C ,.s. lf P-YC ,.s. H 
Bone, StetntWl Osteoblastoma, Benign 0/60(31) 0/60 (31) 0160 (26) 1/60 (25) 

0.2212 NC NC 0.4464 
Brain As!roc)toma., Malignaat 0/60(31) 0/60 (31) 0160 (26) 1/60 (25) 

0.2212 NC NC 0.4464 
Ce.rvi."( Endouutrial Sb-om.al 0/60(31) 3/60 (33) 1/ 60 (27) 0/60(25) 

Sarcollll 0 .7519 0.1310 0.4655 NC 
Granular Cell Tumor, 0/60(31) 2/60 (32) 0160 (26) 0/60(25) 
Beni-- 0.7738 0.2540 NC NC 
.S.r hw.11V'lnm;a, }\.f;a lie;n;an t 1/M("?) l/~O (11) O/~O (?II) 0!60 (? ' ) 

0 .9230 0.7460 1.0000 1.0000 
Glaod, Ad,.nal Cortical Aden.om.a 3/60(32) 0/60 (31) 0160 (26) 1/60 (25) 

0.6835 1.0000 1.0000 0.9090 
Cortical Carcinoma 0/60(31) l/60 (31) 0160 (26) 0/60(25) 

0.7257 0.5000 NC NC 
Cortical 3/60(32) l/60 (31) 0160 (26) 1/60 (25) 
Adenoma/Carcinoma. 0.7538 0.9396 1.0000 0.9090 
Pheochromoe:ytoma, 0/60(31) l/60 (32) 0160 (26) 2160(25) 
Beni..,... 0 .0819 0.5079 NC 0.1948 
Pheochtomocytoma, 1/60 (3 1) 0/60 (31) 0160 (26) 0/60(25) 
Ma.lignJnt 1.0000 1.0000 1.0000 1.0000 
Pheochromoe:ytom.a. 1/60 (3 1) l/60 (32) 0160 (26) 2160(25) 
BenigutMalignant 0.1877 0.7619 1.0000 0.4185 

Glaod, Maounary Adenocarcinoma 20/60 (41) 18/60 (40) 15/60 (33) 12160 (29) 
0.7144 0.7133 0.6978 0.8037 

Adenoma 11160 (38) 7/60 (33) 5160 (28) 4/60(26) 
0.8875 0.8463 0.9097 0.9432 

Adenoma/Adenoc:u:cino 26/60 (45) 23/60 (41) 19/60 (35) 13/60 (29) 
ma 0.8725 0.6463 0.7054 0.9080 
Carcinosarcoma 1/60(32) l/60 (32) 0160 (26) 0/60(25) 

0.9243 0.7540 1.0000 1.0000 
Fibroadenoma 17/60 (39) 15/60 (38) 9/60 (29) 15160 (3 1) 

0.2934 0.7248 0.9048 0.4367 
Glaod, Parathyroid Adenoma 1/46 (25) l/50 (25) l/50 (22) 0154 (21) 

0.7981 0.7551 0.7225 1.0000 
Glaod, Pituitary Adenoma 49/60 (56) 46/60 (52) 40159 (46) 31/60 (41) 

0.9625 0.5515 0.6498 0.9629 
Carcincma 2160(32) l/60 (32) l/ 59 (26) 1/60 (25) 

0.5985 0.8810 0.8393 0.8305 
Adenoma/Adenocarcino 51160 (56) 47/60 (53) 41/60 (47) 32160 (41) 
ma 0.9705 0.7676 0.8284 0.9817 

Gland, Thyroid C-Cell Adenoma 7/60(34) S/60 (34) 2/60 (27) 3/60(26) 
0.8865 0.5000 0.968 7 0.9019 

C-Cell Carcinoma. 4/60(33) l/60 (31) 0160 (26) 0/60(25) 
0.9985 0.9689 1.0000 1.0000 

Adenoma/Carcinoma. C- 11160 (36) 9/60 (35) 2/60 (27) 3/60(26) 
Cell 0.9785 0.7630 0.9966 0.9838 
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Female Rats 
Omg ! mg 3/~" mg 10/~mg 

, .• h. Coat. Q'i='O) Low Q'i='O) ~l..t~='O) High Q'i='O) 
Organ i'.'\am• Tumor !Sam• P - Tr•od P -\"C ,.s. L P -\"C ,.s. lf P-\"C ,.s. H 

Follicular Cell .4.denoma 0/60(3 1) 0/60 (31) 1160 (26) 1/60(25) 
0 .1501 NC 0.4561 0.4464 

Follicular Cell 0/60(3 1) 0/60 (31) l/ 60 (27) 0/60(25) 
Carcinoma 0.4561 NC 0.4655 NC 
Adenowa/Carcinoma 0/60(3 1) 0/60 (31) 2/60 (27) 1/60(25) 
Follicular Cell 0.1571 NC 0.2123 0.4464 

Heat1 Hem.mgiosarcoma 0/60(3 1) 0/60 (31) 0/60 (26) 1/60(25) 
0 .22 12 NC NC 0.4464 

Hemolymphoreticular Histioc)tic Sarcoma 1/60 (3 1) 0/60 (31) l/ 60 (27) 0/60(25) 
Tissue 0.7064 1.0000 0.7187 1.0000 

Leukemia, Large 0/60(3 1) 0/60 (31) 1160 (27) 0/60(25) 
Granular Lymphocytic 0.4561 NC 0.4655 NC 
Lymphoma, ?-.falignant 0/60(3 1) 2/60 (32) l/ 60 (26) 0/60(25) 

0 .6773 0.2540 0.4561 NC 
Kidney Adenowa 2160(32) 0/60 (31) 0/60 (26) 0/60(25) 

1.0000 1.0000 1.0000 1.0000 
Tubular Cell .4.denom.a 1/60(32) 0/60 (31) 0/60 (26) 0/60(25) 

1.0000 1.0000 1.0000 1.0000 
Tubular Cell Carcinoma 1/60 (3 1) 0/60 (31) 0/60 (26) 0/60(25) 

1.0000 1.0000 1.0000 1.0000 
Tubular Cell 2160(32) 0/60 (31) 0/60 (26) 0/60(25) 
Adenowa/Carcinoma 1.0000 1.0000 1.0000 1.0000 

liver Cholangiocarcinoma 0/60(3 1) 0/60 (31) l/ 60 (26) 0/60(25) 
0 .45 13 NC 0.4561 NC 

He.m.mgiosarcoma 1/60 (3 1) 0/60 (31) 0/60 (26) 0/60(25) 
1.0000 1.0000 1.0000 1.0000 

Hepatocellular .4.de.noma 0/60(3 1) 2/60 (32) l/ 60 (26) 0/60(25) 
0 .6773 0.2540 0.4561 NC 

Lung Bronchioloalveolar 0/60(3 1) l/60 (31) 0/60 (26) 0/60(25) 
Carcinoma 0.7257 0.5000 NC NC 
Squamous Cell 0/60(3 1) 0/60 (31) 1160 (27) 0/60(25) 
Carcinoma 0.4561 NC 0.4655 NC 

Ovary 1'.fesofheliowa, 0/60(3 1) 0/60 (31) 0/60 (26) 1/60(26) 
Ma.lig».mt 0 .2281 NC NC 0.4561 
?-.fixed Sex Cord Sb-om.al 0/60(3 1) 3/60 (32) 0/60 (26) 2160(25) 
Tumor. Bo.nim 0.2057 0.1249 NC 0.194S 
Thecoma, Malignant 1/60 (3 1) 0/60 (31) 0/60 (26) 0/60(25) 

1.0000 1.0000 1.0000 1.0000 
Pancreas Adenowa 0/60(3 1) 0/60 (31) 1160 (26) 0/60(25) 

0 .45 13 NC 0.4561 NC 
ls!et Cell Adenowa 3/60(32) l/59 (31) 0/60 (26) 2160(26) 

0 .4637 0.9396 1.0000 0.7520 
Islet Cell Carcinoma 1/60 (3 1) 2159 (31) 0/60 (26) 0/60(25) 

0 .9192 0.5000 1.0000 1.0000 
ls!et Cell 4/60(33) 3/59 (32) 0/60 (26) 2160(26) 
Adenowa/Carcinoma 0.7127 0.7739 1.0000 0.8385 

Sm Basal Cell Tumor, 1/60 (3 1) 0/60 (31) 0/60 (26) 1/60(25) 
Beni-- 0.3951 1.0000 1.0000 0.698 1 
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Toxicokinetics:  Due to an insufficient number of quantifiable plasma sample concentrations, the 
toxicokinetic evaluation and the incurred sample re-analysis were not conducted.  
 
Serology: All serological results were negative.  
 
Summary of individual study findings: 
 
Adequacy of the carcinogenicity study and appropriateness of the test model:  The methodology 
and the conduct of the study appear to be appropriate and acceptable. The high-dose was selected 
on the basis of the MTD from the 14-day and 6-month toxicology studies in rats, and was 
concurred with by the Executive CAC. The test model (Crl:CD®(SD) rats) selection was in 
concurrence with the Agency. Overall, the study is valid and acceptable.        
 
Evaluation of tumor findings:  There was no tenapanor-related increase in any tumor incidences in 
male and female rats. 
 
Appendix: 
 
APPENDIX-1: ExecCAC Meeting Minutes dated November 17, 2016.  
APPENDIX-2: Neoplastic findings in male and female mice 
APPENDIX-3: ExecCAC Meeting Minutes dated December 17, 2013. 
APPENDIX-4:  ExecCAC Meeting Minutes dated January 22, 2019. 
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APPENDIX-1: ExecCAC Meeting Minutes dated November 17, 2016 (Mice) 

£.xecutin CAC 

Dare of Meeting: Novembei' 15, 2016 

Committee: Karen Davis Bruno, Ph.D., OND-10, Chair 
Abby Jacobs, Ph.D~ OND-10, Member 
Tim McGovern, Ph.D~ OND-10, Member 
Lee Elmore, Ph.D., DMEP, Alternate Member 
Owen McMaster, Ph.D .. DAlP, Member 
Sushanta K Chakdel', Ph.D., DGIEP. Supervisor 
Dinesh Gautam, Pb.D~ DGIEP, Presenting Reviewer 

Author ofDrnfr: Dinesh Gautam, Ph.D. 

The following information reflects a brief summary of the Committee discussion and iis 
recommendations. 

The Committee did not address the sponsor' s proposed statistical evaluation for the 
carcinogenicity bioassay, as this does not affect the sponsor's ability to initiate the bioassay. The 
sponsor may seek guidance on the statistical evaluation ofbioassay results from agency staff 
separately. Data files should be submitted electronically following the CDER/CBER Guidance 
for Industry, Providing Regulatory Submission in Electronic Fonnat- Standardized Study Data 
(December 2014) and the latest Study Data Technical Confonnance Guide. 

nm: 1os,132 
Drug Name: Tenapanor (AZDI 7221RDX5791) 
Sponsor: Ardelyx, Inc .. Fremont, CA. USA 

Backgl'OWld: 
AZD 1722. a sodium.lb dro en antiporter (NHE.3) inhibitor, is being developed for the treatment 
of (bl <4lconstioation-
predominant initable bowel syndrome (IBS-C)_ (bl <4l Tue 
Sponsor has submitted the Special Protocol Assessment (SPA) for a 6-monfh oral 
carcinogenicity study in male and female Tg.rasH2 mice. 

RDX5791 was not genotoxic in the Ames bacterial reverse mutation assay, the in Vitro human 
lymphocyte chromosomal aberration assay and the mouse micronucleus assay. AZl 3792925 (tbe 
major metabolite of tenapanor) was non genotoxic io the Ames bacterial reverse omtation assay 
and the in vitro LS l 78Y nc-t- mouse lymphoma assay_ 

T gJUsB1 !\louse Can:inogenicity Srudy Dose Selection 
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uecutin CAC Recommendations and Conclusions: 

L The Committee did not concur with the Sponsor's proposed doses. 

2. For tenapanor, the Committee recommended doses ofO (vehicle), 100, 300 and 800 
mglkglday (0. SO, 150 and 400 mglkg BID) by oral gavage for female Tg.RasH2 mice. 
with the high dose based on lhe MFD. 

For tenapanor, the Committee rec=nended doses of 0 (vehicle), 10, 30 and 100 
mgi1cglday (0, 5. 15 and 50 mgJkg BID), by oral gavage for male Tg.RasH2 mice, with 
the high dose based on body weight loss in the mid and high dose groups in the 1-month 
dose =ge finding study. 

3. For the metabolite, AZ13792915 the Committee recommended doses ofO (vehicle), 55 
and 165 mglkg'day, by oral gavagc for both male and female mice, with the high dose 
based on deaths at 500 mg/kg/day in the 1-mon!h dose-ranging study. 
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Appendix 2: Neoplastic findings in male and female mice. 
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Aw enclh: 15 Patholooy - Inter ar oup Compariso:i. of Neoplastic Hi sto Pa~holooy Cbs er vations 

2 0105943 - A 26 1 .... 'e e k Carc : nogenic i ty StuC.y ) f I enapanor and !213 792925 by Oral 
Gavage i n CBy86F l Ig rasH2 Hemi zygous mice 

Ob~e rvc.eion~ : Nco-Pic..:i ~ic - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - --- - - - !·L>.LES - - - - - - - - - - - - -- - - -- - - - - - - ----- - - -- - -

R~rtoval R-:-a so r.s : Ali o f t -h os e SEL::CTE D 

tiunber of A..11inals on s~udy 
Uunbe r o f A..11inals Co:nple t e d : 

mo / ko/ 
25 

(2 51 

no t ko/ 
25 

(25) 

SS 
no t ko/ mo/ kcr/ 

25 25 
(25) (25) 

110 10/10 0 30 (.30 0 

mo/ ko/ mo/ ko/ mJ/ko i 
25 25 25 

(25) (25 ) (25 ) 

10 0/8 0 0 7 .S 

motkot no tkot 
25 15 

(25) (15) 
------------------------------- ------------------------------------- -------------

BO!!E, STERNUM; tconcinued) 
1A1 t.h 1n No rma l L1.rn1ts • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • 

B~.I~; 

Examined .. 
r,iith in Norma l Li.mi ts . . . • . . • . . • . . • . . . . . • . . • . . • •. • . . 
1-yY,ph,ma, mal ignant; mal :gnanc; s econdary; 

i ncidental . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 

C?:RV!X; 
Ex ami n ed •. , . , , . , , . , , . , , . , , . , , . , , . , , , , , . , , . , , . , , • • , 
r,ii~h in N'o!'mal L i."fli'ts • . . • • . • . . • . . • . . . . . • . . • . . • . • • • . 
Hs-mang i o sar-co ma: mal::.qnanc wichou~ metascasis: 

f ata l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Schwannoma, ma l i gnan't; m.a l iqnant; seconda r y ; 

i ncidental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1-yY,ph,ma, ma l igna n t; ma l :gnant; s econdary; 

i ncidental . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 

EAR; 
Exam.i n ,;.d. , . ... • . .• . .• . .• . . .. .• . .• . .• . . • . . 
~ithin No rmal Limi ts .. , . . .. . .. . .. . . .. .. . .. . .. . . . . . 
I n f l ammatior. . neutroph i l : c: t ympa ni c ca vity ; 

b i l ateral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

EPIDIDYMIS; 
:e:xam1ne<1. •. . • . . • . . • . . • . . • • . • . . • . . • . . . • . • . . • . . • •• • • . 
iii eh i n Nor mc.l Limi't.:1 • . . • • . • . . • . . • . . . . . • . . • . . • . • • • . 
Sperm 9 ::-anu:o:na; un i lat.era]. . • . . • . . . . . • . . • . . • . • • • . 
Ds-cr-s-.aso?d c e llula r i cy : l ume n ; spe,.r1t't; bi l acs-r-al . . . 
Di latation; ductular: : oca l . . . . . . . . . . . . . . . . . . . . . . 
1-yY,ph,ma, ma l igna n t; ma l :gnant; s econdary; 

i ncidental . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 

ESOPHJ\G'JS; 
f xam1ne<1. •. . • . . • . . • . . • . . • • . • . . • . . • . . . • . • . . • . . • •• • • . 
r,ii eh i n No:rmc.l Limi 't.:i • . . • • . • . . • . . • . . . . . • . . • . . • •• • • . 

Tesiing f acility Smdy No. 20105943 
Sponsor Reference No. RDX5791-TX- 16 

Reference ID: 43006SO 

25 2 5 25 

(25) (2 5) ( 2S) 
25 25 25 

0 

( - 1 ( - ) ( - ) 

(0) (0) ( 0 ) 

0 0 0 

0 

(25) (25 ) ( 25) 
Z5 2Z 24 

0 1 
0 
0 

0 0 

(25) (25 ) ( 25) 
ZS Z5 ZS 

45 

2 5 25 25 25 25 13 

(25 ) (25 ) (2 5 ) ( 2 5 ) (2 5) (13) 
25 25 25 25 25 8 

( - ) ( - ) ( - ) ( - ) ( - 1 ( - ) 

(0) (0) (0) (0 ) (0) (0) 
0 0 0 0 0 0 

(25 ) (25 ) (25 ) (25 ) (25 ) ( 1 3} 

22 2Z 23 2 4 24 11 
3 1 0 

0 0 
0 0 

0 0 0 0 

(25 ) (25 ) (25 ) (25 ) (25 ) (13} 
ZS ZS 25 25 25 lZ 

Page 94 



IND 108732 Reviewer: Dinesh Gautam, Ph.D 

Appendix 15 

Obse rva t i ons : Neo- Pl asci c 

? c.eho l o gy - In:;erg r ou ? CC!mpe.=i~on o f N'e o pl.:..:i:;i c iii .:1~0 ? c.i;h o logy Ob~e i:vc.eion~ 

20105943 - A 26 liJee k carc1noqe nic1cy s t.·Jc.y o r r enapanor end: .~Zl3792325 by oral 
Gavage i n CByB6F1 Tg rasH2 Hem1zygou.s mice 

---- - - - - - - - -- - - - - - - - - -- - - --- - - ---- - - - l1.l\LES -- - - - - - -- - - --- - - ---- - - - - - - - - - - -- - - -
------ --------------------------------------------------------------------------

Renoval Reasons : All of t.hose SELECE D 
mo/ ka/ 

Nurnl>er o f Ani mals on Study 25 
Number o f Ani mals Comp i eted : (2 5) 

ESOP~AGtiS; ( con~-inu~d) 

Uo~ ~xaroined : NOT PRESE~JT IN WET TISSUES . . . • . . • • . 0 
Sq:.ic.mcu" ce l!. l cc.rcin:>rr.et; :ne.l ignc.:i.-c •.i;it.h ou :; 

rne ec..:1:.e..:1 i~; : c.cc l . . • . . • • . • . . • . . • . . • . . • . . • • . 0 

EY?:; 
Examined.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . (2 5) 
i i thi n ?iormal l i mits. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 25 
Oeqe:ie:r acion; retina; bil acera: . . . . . . . . . . . . . . . . . . O 
Lynp:'lcma, mal i gnant ; rr.a l i gnant ; 3econdary; 

i ncident al . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . O 

GALL3LADDER: 
Examine d .. 
ili'Chi n Ko~al l i rnii;s. 
lio'C ::->:.amined : NOT PRESE!iT IN S EC:IOK . 

(2 5) 
2 ;. 

0 
Uo'C ~x.e.roined : NOT ?RESEDT IN WIT TISSUES . . . • • . • • . 0 

GALT : 
rxam.lnea. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . {25) 
Wi thi n Kormal L1m1ts. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 25 
llot ~x.am1ned : NO! ?RESE.tJT IN SECTI ON . . . . . • . . • . . . . 0 

GLAND, ADREllAL ; 
Examined.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . (2 4) 
i i thi n ?iormal l i mits. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 13 
lio< ~xamined : NOT PRESE1iT IN WET TISSUES. l 
Rypec-p l asi a ; s ubca p s ula !' c e,1 1; blla~eral . 
Byp~rplasia; s ubca psula!' c~l l; u!!. i lai;.: r.al ... • . . . 
Co!!.gesi;i o n ; b i l at.eral . . . . • . . • • . • . . • . . • . . • . . • • . • • . 0 

GLJ..ND I K?UtDEREAN; 
Exe.min e d •. , . , , . , , . , , . , , , , , . , , • • , . , , . , • •. , • • , • • , • • , (2 5) 
Wi t hin Kormal E.1rn1ts. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 22 
Hy-perp1as1a; un11atere1; roc~n . . . . . . . . . . . • . . • . . . . o 
Jnf1ltr at1on, mononucl ear ce l l . . . . . . • . . . . • . . • . . • . 3 
Adem>rna ; beni gn ; inci<ien~al . . . . . . . . . . . . . . • . . • . . . . O 

To>•ting Facility Study No . 20105943 
Sponsor R.eference No. R.DX5791 -TX-16 

Reference ID: 43006SO 

mo/ ka/ 
25 

(2 5) 

(25) 
23 

0 
2 
0 

46 

55 110 10/ l OO 30/300 100/ 800 15 
mo/t:o/ rrtJ/ ko/ "alt:a/ ma/ ko/ na / ka/ mal ka l mon:at 

25 25 25 25 25 25 15 
(2 5) (25) 125) (25) (25 ) (25 ) (15 ) 

(25) (25 ) (25 ) ( 25 ) ( 25) (25 ) ( 13) 
2 5 22 23 24 2 5 25 12 

0 0 0 0 
3 0 0 0 
0 0 0 0 
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Reference ID: 4390680Reference ID: 4492620

Appendix 15 

Provanti s 8 - Producti o n US 

Pa t.holog y - I nce rgr o up Compari so n o f Neop l a s t.i c Hi sto :?achology Obs e r va t ions 

20 1 0 5943 - A 26 \ii'e e k Carcino g e nici ty S tudy o f Te na p a no r and j)..Zl37 9292 5 by Oral 
Gavage i n CByB6f l lg rasH2 Hemizygo us mice 

Obse rvat.i o n3 : Ne o - Pl ast.i c - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - MALES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - -

Re mo val Re aso ns : Al l o f those SELE.CIE.D 0 0 0 55 11 0 10/10 0 30/30 0 
mg/ kg/ mg/ kg/ mg/ kg / mg/ kg/ mg/ kg/ mg / kg/ mg/ kg/ 

Numbe-r o f Ani mal s o n Study : 25 25 25 25 25 25 25 
Number o f Ani mal s Compl eted : (25 ) (25) (25) (25) (25) (25) (25) 

100/80 0 75 
mgf):g/ mg/ kg/ 

25 15 
(25 ) (15 ) 

---------------------------------------------------------------------------------
GLAND, HA..C(DER:iiAN; ( conti nued ) 

Lymphoma, ma l i gnant ; mali gnant.; s econdary; 
i ncide n tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 

GLAND, LACRI!1AL ; 
Exami ned . .. . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . (25) 
Wi t h i n No r ma l Li mit s . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • 22 
I n f i l t.r a t i o n, mo no nucl ea.r cell 3 

GLAND I M.r;l1M.ll....q, y ; 
Exami ned.. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . (0) 
Wi t h i n No r ma l Li mits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

GLAND, PARATHYROID; 
Exami ned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 
Wi t h i n No r ma l Li mits . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . 
No t Examine d : NOT ? RESENT IN SECTI ON . . . . . . . . .. . . . 
No t Examine d : NOT PRESENT I N WET TISSUES . . . .. . . . • 
Cyst; unil ai:.e r a l . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . 

GLAND, PITUITARY; 
Exami ne d .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . 

( 16) 
16 

9 
0 
0 

(2 4) 
Wi t h i n No r ma l Li mi ts. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 24 
No t. Examine d : EXHAUSTED DURI NG HISTOLOGY 

PROCESSING . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . 
No t Examine d : LOST DURI NG NECROPSY. . . . . . . . . . . . . . • 0 
No t Examine d : NOT ?RESENT !N SECTI ON . . . . . . . . . . . . . 0 
No t Examine d : NOT ? RESENT IN WET TISSUES . . . . . . . . . 0 

GLAND, PROSTATE ; 
Exami ne d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 
Wi t.b i n No r ma l Li mits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 
No t E:xamine d : NOT PRESENT Ill SECTION . . . . . . . .. . . . . 
Lymphoma, ma l i gnant ; mal i gnant; s e c ondar y; 

i nc i d ental . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . 

Testing Facility Study No. 20105943 
Sponsor Reference No. RDX5791-TX-16 

(25) 
25 

0 

0 

(25 ) 
24 

l 

(0) 

0 

( 13) 
12 
12 

0 
1 

(25 ) 
25 

(22) 
22 

3 

(25 ) 
22 

3 

(0) 
0 

(11) 
11 
13 

l 
0 

(24 ) 
24 

(25 ) 
25 

0 

(25 ) 
22 

( 0) 

0 

( 15) 
14 
10 

0 
l 

( 25 ) 
25 

(24 ) 
24 

(25) 
25 

0 

(0) 
0 

( 16) 
15 

9 

(25 ) 
25 

(25) 
25 

0 

(25) 
22 

(0) 
0 

(1 8) 
18 

7 
0 
0 

(25 ) 
25 

(25) 
25 

0 

(25) 
25 

0 

( 0) 

0 

( 14) 
13 
11 

0 
1 

(25 ) 
25 

0 
0 

0 

(25) 
25 

0 

(25) ( 13) 
24 13 

l 0 

(0) (0) 
0 0 

(20) (5 ) 
20 5 

5 8 
0 0 
0 0 

(24 ) ( 12) 
24 12 

0 0 
0 0 
0 

0 

(25) ( 13) 
25 11 

0 0 
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Reference ID: 4390680Reference ID: 4492620

Appendix 15 

~rovant:1s t1 - ~roauct.ion u:> 

Pathology - I ntergro up Compar iso n o f Ne oplastic Histo Patho l ogy Obse r vatio ns 

20 105943 - A 26 1,.ie e k Carcinoge nicity Study o f Te na pano r and AZ137 92925 by Oral 
Gav a g e i n CByB6Fl Ig ras H2 He mi zygous mice 

Obse r v a t i o ns : Nee - Plasti c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MALES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Removal Rea sons : All o f t hose SELECTED 0 0 0 55 110 10/100 30 /300 
mg/ kg/ mgf}:g / rr.g / kc;/ rngf}:g / mg/ kg/ mg/ kg/ mg/ kg/ 

Number o f Ani mal s o n St.Udy : 25 25 2£> 25 25 25 25 
Number o f Ani mals Compl eted : (25) (25) ( 2£>) (25) (25 ) ( 25 ) (25 ) 

100/800 75 
mg/ kg/ mg / kg/ 

25 15 
(25 ) ( 15) 

- - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - --- - - - - - - - - - - - -
GLAND, SAL!VA.1\Y; 

Exami ned . . . . . .. . . .. . . . . . . . . . . . . . . • . . . . .. • . . . . • . . . . 
With i n No r ma l Li mits . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . 
I n f iltrati on, r:tono nuclear cel l . . . . . . . . . . . . . . . . . . . 
Lymphoma, malignant ; ma l i gnant.; s e c o ndary; 

i nci d e nt.a l .. . . . . . . . . . . . . . . . . . . . .. . 

GLAND, SEMINAL VESI CLE; 
Exami ne d . . . . . .. . . .. . . . . . . . . . . . . . . . .. . . .. . 
Wit.h i n No rmal Li mi'ts . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . 
Lymphoma, malignant. ; mali gnant; s e c o ndar y; 

(25) 
25 

0 

0 

(25) 
25 

i nci d e n tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

GLAND, THYROID; 
Exami ne d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., . . . .. . . . • 
Wit.h i n No rmal Li mits . . . . . . . . . . . . . . .. . ... ., . . . . • . . . . 
No t. Examined : NOT ?RESENT EN SECTI ON . . . ., . . . . • . . . . 

GLAND, ZY1'1.BALS; 
Exam.i ne d . . . . . .. . . .. . . . . . . . . . . . . . . . .. . . .. • . . . . • . . . . 
Wit.h i n No r ma l Li mi'ts . . . . . . . . . . . . . . . .....•. . . . • . . . . 
No t Examine d : NOT ?RESENT IN SECTI ON . . . • . • .. • . .. • 

HEA.q,'!' ; 

(25) 
25 

0 

(25) 
25 

0 

Exami ned. . . . . . . . ... . . . . .. . . . . ..... . .. . .. . . . .. . . . . . (25) 
Wit.h i n Normal Li mit:s. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 25 
Ca rdiomyopathy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Me s o t he l ioma , mal igna nt; ma l i gnant wi th me t a .st.a.si s 

; pri mary ; fatal . . . . . . . . . . . . . . . . . . . . . . . . . . . O 
Lymphoma, malignant: ; mal i gnant.; s e c o ndar y; 

i nci d e nt.al . . . . . . . . . . . . . . . . . . . . . . . . O 

HEMOLYMPHORETICULAR TISSUE; 
Exami ned. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (0) 
Wit.h i n No rmal Li mi'ts. . . . . . . . . . . . . . . .. . .. . O 
Lymphoma, ma l i g nan't ; mali gnant with metastasis ; 

p r ima ry; i nci d e n"tal . . . . . . . . . . . . . . . . . . . . . . . . 0 

Testing Facility Snidy No. 20105943 
Sponsor Reference No. RDX5791-TX-16 

(25) 
23 

(25 ) 
25 

(24) 
24 

l 

(25) 
25 

0 

(25) 
25 

0 

0 

( l ) 
0 

(25 ) 
23 

(25 ) 
25 

( 2£>) 
25 

(23 ) 
23 

(25 ) 
25 

0 

() 

(0) 
() 

(25) 
22 

3 

(25) 
25 

(25) 
25 

(17) 
17 

8 

( 25 ) 
24 

1 

(0) 
0 

(25 ) 
21 

4 

(25 ) 
25 

(25) 
25 

0 

( 20) 
20 

5 

(25 ) 
25 

0 

(0) 
0 

(25) 
21 

4 

( 25 ) 
25 

(25) 
25 

0 

(24 ) 
24 

(25 ) 
25 

0 

( 0 ) 
0 

(25) 
22 

3 

(25 ) 
25 

(25) 
25 

(23) 
23 

(25 ) 
25 

0 

0 

(0) 
0 

(25) 
18 

7 

(25 ) 
25 

(25) 
25 

(2 1) 
2 1 

4 

(25 ) 
25 

0 

0 

( 0 ) 
0 

( 13) 
12 

0 

(13) 
12 

(12 ) 
12 

( 10) 
10 

3 

( 13) 
7 

( 10) 
0 
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Reference ID: 4390680Reference ID: 4492620

APPEARS THIS WAY ON ORIGINAL

Appendix 15 Pat:.hology - Inte r g r oup Co=npari s o n o f Ne oplast:.ic Hi sr;o ?athology Obs e r vati o ns 

20 105943 - A 2 6 we e k Carcinoge n icity S tudy o f Te na panor a nd AZ13792925 by Or a l 
Gav ag e in CByB6Fl Tg r a sH2 Hemi zyqous mice 

Obs e r vae i ons : Neo - Pl a scic - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MALES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Removal Rea sons : Al l o f t ho s e SELECTED 55 11 0 10 /10 0 30 /300 
mg/ kg/ mg/ kg/ mg/ l:g/ mg/ kg/ rr.gf):g/ mg/ kg/ mg/ kg/ 

Nu.rnber o f Ani n a.ls on St.udy : 25 25 25 25 25 25 25 
Nu.rnber o f Ani nal s Comple t e d : (25) (25) (25) (25) (25 ) ( 25 ) (25) 

HEMOLYMPHORETICULA.". TISSUE; (conti nued ) 
Lymphoma, ma l i gnant; malignant with metastas i s ; 

primary; f a t a l ... ... ... ... ... ... ... ... ... .. 
KIDNEY; 

Exami ned . . . . . . . .. . . . • . . . . . . . . . . . . . • . . . . • . . . . . . • . • . (25) (25 ) (25 ) (25) (25 ) ( 25 ) (25 ) 
Wi thi n Nor ma l Limits • . . . . . . . . . . . . . . . . . . . . . . . . . •. • . 16 1 6 16 18 18 15 16 
Inf i ltraeio n , nononuclear c e l l ·· ··· ·· · ··· ··· ··· · · l 7 3 3 8 7 
Inf i l t r ation, nononuclear cel l ; pelv i3 ··· ··· ··· · · 2 
De ge neratio n / r e g e n e r a t i on ; tubular . ... ... ... .... . 0 
Inf lanm1a t i o n, nixe d c ell ; multi f oca l ·· ··· ··· ··· · · 0 
Lymphoma, ma l i gnant; maligna nt.; .seconda r y ; 

inc ide n tal . . ' . . . . . . . . . . . . . . ' · ·· · ··· ··· ···· · 0 0 0 0 0 

LARGE INTESTINE , CECUM; 
Exami ne d . . . . . .. .. .. . • . . . . . . . . . . .. . . ·· ·· ··· ··· ···· · (25) (25 ) ( 25 ) (24 ) (25 ) (25) (25 ) 
Wi thi n No r ma l Limit3 • . . . . . . . . . . . . . . . . .. ... .. . ... . . 25 25 25 24 25 25 25 
No ;; Exami n e d : NOT ? RESENT IN SECTION . · ··· ··· ··· · · 0 0 0 1 0 0 0 
Si ngle c e l l n e c r o.si 3 ; mucosa! · · · · · ·· · · · · · · · · · ·· · · 0 0 0 0 0 0 0 

LARGE INTESTINE , COLON; 
Exami ne d . . . . . . . . . . . . • . . . . • . • . . . . . . • . . . . • . . . . . . • . • . (25) (25 ) ( 25 ) (25) (25 ) ( 25 ) (25) 
Wit.h i n Norma l Limit:3 • . . . . . . • . . . .. . • .. . . • . . . . . . • . • . 25 25 25 25 25 25 25 

LARGE INTESTINE , RECTUH; 
Exami ne d . . . . . ..... . . • . . . . . . • . . . . . . • . . . . • . . . . . . • . • . (25) (25 ) ( 25 ) (25) (25 ) (25) ( 25 ) 
Wi t.hi n Nor ma l Limits • . . . . . . • . . . .. . •. .. . • . . . . . . •.• . 25 25 25 25 25 25 25 

LARYNX; 
Exami ne d . . . . . ·· ··· ··· ··· ··· ··· ··· ···· ·· ··· ··· ···· · (25) (25 ) ( 25 ) (25) (25 ) (25) ( 25 ) 
Wi thi n No r ma l Limits • . . . . . . . . . . . . . . . . . . . . . . . .... • . 25 25 25 25 25 25 25 
No;; Examine d : NOT ?RESENT IN SECiION . . ... ... ... . . 0 0 0 0 0 0 0 
Lymphoma, ma l i gnant; maligna nc; .secondary; 

incide n tal ·· ·· ··· ··· ···· ·· ···· ·· ··· ··· ··· · · 0 0 0 0 0 

LIV.ER; 
Exami ne d . . . . . . . . . . . ' . . . . . . . . . . . . . . · · · · · · · · · · · · · · · · (25) (25 ) ( 25 ) (25) (25 ) (25) ( 25 ) 

Testing Facility Smdy No. 20105943 
Sponsor Reference No. RDX5791-TX-16 

100/80 0 75 
mg/ kg/ mg/ kg/ 

25 15 
(25) (15) 

10 

(25 ) (13) 
13 6 

3 0 
9 0 
0 0 
0 0 

(25) (13) 
25 12 

0 0 
0 1 

( 25 ) (13) 
25 13 

(25 ) ( 13) 
25 13 

(25) (13) 
25 12 

0 0 

(25 ) ( 13) 
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Appendix 15 Pa~hology - Ineergrcup Comptir i~on o f N'eoplc::..:ieic Hi .3 'Co Pa~h~logy Ob~ervc::. t.ivn.3 

2 0 10 S943 - A 26 .,,.eek Co.rci ncigenic:.ey S t.·.ldy :if 'IenC::.!=(l!:or "'nd .~Zl379292S by Ore::.: 
Ge.vc::.ge in CByB6Fl ig r -:::..:iH2 Hero.i zygou.3 m::.ce 

Cbaervae: ons : Neo-Plasei c - - -- - -------------- - -- - -- - ----------- M.l\LES -- - -- - -- - -------------- - -- - -- - -----

Rerno .. •a l Reason s : All o f ehoae SEL EC!E.D s ~ 110 10/ 1~0 3 <)/3 01) 100/8 00 1S 
mg f):q / m;/ l:g/ mg/ kg/ mg f):q / m;/ l:g/ mg/ kg/ ng/ kg/ m,.; / k9/ mq/ kg/ 

Num.b.:r of An i na ls on Seu ciy 25. 2;. 2;. 2 ·; 2S 2S 2 S 2S l S 
Nurnb.:r of An i na ls C:impl~c~d : (2S) ( 2>) ( 2>) ( 2 ·; ) (2.S) ( 2.S ) ( 2S ) (2.S) (l.S ) 

LI\lER: (con~ inued) 

Wi c hin No r na l l.imi't.s. 22 20 24 2 3 20 20 2 3 22 
Va cuol e't. ion: h:pa~oc.:llulcr · · · ·· ·- ·-- · - ······ - - -- 1 0 
N.:-c r os:s; hep.a':oce l l ula r 0 
lnfl a.mna t i on , ~ b:.e-d c el l · ····· - - -- 2 0 
E'ocus of c el l ular alt.er-at.ion , b asophil ic ... 1 0 
Infarc t .. ... . .. ... . .. .. . . .. . . . ... . .. ... . .. . . 0 0 
LYI11Dhona , na l icrnant ; mal ionont : secondary: 

:incide ntal ............ . . .. . . . ... . .. ... . .. .. 0 0 0 0 
Hemano:iosarcoma.: rnali onant: seconda ry; i ncidental 0 0 0 0 

LUNG; 
Examined . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . • . 125) (25) (25 ) (25) (25) (25 ) (25 ) (25) (! 3) 
Wi thin Norna l :.imits . . . . . . . . . . . ... . . . . . . . . . . . . . . • . 2 0 22 20 22 21 22 23 22 2 
Eyperp:asia; bro:ichio l oal veolar ; foca l ........... 0 3 0 0 0 0 1 3 
Ee.morr haqe ....................... ................ 0 0 0 0 0 0 0 0 
I nf i ltra t i on, histiocyt ic ........ ................ 0 0 1 0 0 0 0 
I nf larnnation, nixed c el l ; f ecal ·· ················ l l 1 1 l 1 0 
Me sothelio::-ia, nal igna nt; mal i gnant ; s econdary; 

:nci de ntal ................. ................ 0 0 0 
Bronch: o loal veolar carcinoma; malig:i.anc wi t hout 

ne t astas i s; inc idental ..... ................ 
Bronch: o loal veolar adenc>ma; benign ; inc idental . .. 
Ly-mphona , na l i gnant; malignant; s econdary; 

:nci de ntal ................. ................ 0 
Schwannona , m.a i ignanc ; malignant; secondary; 

:nci de ntal ................. ................ 
LYMPH KODE, 11A.WI EUL.l\..!\; 

Examined . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . • . (25) (25) ( 2q) (25) (23) (23 ) (25 ) (25) (13 ) 
Within Norna l Li mits . . . . . . . . . . . ... . . . . . . . . . . . . . . • . 25 25 24 25 23 23 25 25 10 
Not Exe.mined : NOT P!<ESE:~'! IN SECTION . ............ 0 0 0 0 1 0 0 0 0 
Not Exe.mined : NOT P!<ESE:llT IN WET TISSUES . ........ 0 0 1 0 l 2 0 0 0 
Plasma cytos ls; m•dullary s1nus ... ................ 0 0 0 0 0 0 0 0 0 
Decr ea sed ce l l ulari ty; l ympho:d ·· ················ 0 0 0 0 0 0 0 0 0 
Lymptt.ona , na l i gnant; mal i gnant ; s econdary; 

:nci de ntal ................. ................ 
Testing Facility Study No. 20105943 
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Appendix 15 

?rova n t i s 8 - Pro duct i o n US 

Pa t ho logy - I nt.erg r o up Compari so n o f Neoplast.i c Hi s t o ?aeholog y Obs ervations 

20 1 0 5943 - A 26 we e k Carcino genicity S t udy o f 'i'enap a no r and P..213792925 by Oral 
Gavage i n CByB6Fl Tg rasH2 H.emizygous mice 

Observ a t i ons : Neo - Pl ast.i c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M.UES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Rtmoval Reasons : Al l o f t hose SELECTED 55 110 10/ 100 3 0/ 3 00 
mg/ kg/ mg/ kg / mg/ kg / mg/ kg / mg/ kg / mg/ kg / mg/ kg/ 

Number o f Animal s on Study : 25 2 5 25 25 25 2 5 25 
Number of Animals Completed : (25 ) (2 5) (25 ) (25 ) (25 ) (25 ) (25 ) 

10 0/ 800 75 
mg / kg / mg / kg / 

25 15 
(25 ) ( 15 ) 

---------------------------------------------------------------------------------
LYMPH NODE, l1AND!BULA..q,_; ( conti nued ) 

Schwa nno ma, ma l i g nant; mal ignant; seco nda ry; 
i nc i d e n tal . . . . . . .. . . . . .. . . . . . . . . . . . . . .. . . . . 

LYMPii NODE, MESENTE:RI C ; 
Exami ned .... . . .... . . . . . .. . . . . .. . . . . . . .• . . . . . .... . . 
With i n No r ma l Li mi t s . . . . . . .. . . . . . . . . . . . . . . . . .. . .. • 
No t Examine d : NOT ?RESENT I N WET TISSUES . . . .... . . 
De:c r e a s e d c e l l u lar i t y ; lympho id . . . . . .. , . . . . .... . . 
Lymphoma, ma l i gnant; ma l i gna nt; s e c ondary ; 

i nc i d e n tal . . . . . . .. . . . . .. . . . . . . . . . . . . . .. . . . . 

M"USCLE, SKELETAL; 
Exa mi ne d .. . . . . .. . . . . . . . .. . . . . .. . . . . . . . .• . . • . .. . . . . 
With i n No r ma l Li mit s . . . . . . . . . . . . . . . . . . . • . .. . . . . . . . 
Deg enera t i on/ reg e n erat i o n ; myof i ber . . . . . . . . .... . . 
I n f i ltra t i o n , mo nonucl ear cell . . . . . . . . . . . . . .... . . 
Lymphoma, ma l i gnant ; ma l i g nant; s e c ondary ; 

i nc i d e n tal . . . . . . .. . . . . .. . . . . . . .. . . . . . .... . . 

NERVE, O?TIC ; 
Exa mi ne d .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. . . . . 
With i n Nor ma l Li mi t s . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 
No t Examine d : NOT ?RESENT I N SECTI ON. . . . . . . .. • . . . 
Lyn p homa , ma l i gnant; ma l i gnan't ; s e condary ; 

i nc i d e n tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

NE:RVE, SCIATIC; 
Examined . . . .. . . . . . . . . . . . . . .. . . . • . . • . . . . • . . • . . . . . . . 
With in Nor ma l Li mit s . . . .. . . . . .. • . . • . . . . • . . • . .... . . 

OVARY; 
Exa mi ne d .. . . . . .. . . . . . . . .. . . . . .. . . . . . . . . • . . • . .. . . . . 
With i n Nor ma l Li mi t s . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . 
No t Examine d : NOT FOUND AT NECROPSY . . . • . . • . .. . . . . 
Cyst ; p a rao vari an; uni lat e ral 

Testing Facility Smdy No. 20105943 
Sponsor Reference No. RDX5791 -TX-16 
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0 0 0 0 0 
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0 0 0 0 0 
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Appendix 15 

Prov a nt.i s 8 - Pro ductio n US 

Patholog y - I nt.erg roup Compariso n o f Neop l ast.ic Hi s t o ?at.holog y Obs ervations 

20 10 5943 - A 26 .,.,e e k Carc i no gen i c ity S t udy o f Te na9 anor e.nd AZ137 9292 5 b y Ora.l 
Ga va g e i n CByB6Fl Tg rasH2 He mi zygo us mi c e 

Obs er vations : Neo - Pl aseic - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M.U ES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Remove.! Rea so n s : Al l o f t ho ::ie SELECTED 0 0 0 55 110 10/100 3 0/ 3 00 
mg / kg/ mg / >:g / mg/ kg / mg / kg/ mg/ >:g / mg/ >:g / mg/ kg/ 

Number o f Ani mals o n St udy : 25 25 25 25 25 25 25 
Number o f Ani mals Compl eted : (25) ( 2 5) ( 25 ) 125 ) 125 ) 125 ) 125 ) 

10 0/800 75 
mg/ kg / mg / kg / 

25 15 
125 ) 115 ) 

---------------------------------------------------------------------------------
OVA...Q..Y; (c o n 'ti nued ) 

Lynphoma , malignant; ma l i gna nt ; s e condary; 
i nci d e n t.al . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 

OVI DUCT; 
Exami ned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . 
Withi n No r ma l I.imi t::i • . . •• . • . . •. . • . . • . •• • • • . • ••.• . . 

No t. Exami n e d : !NOT E'OOND AT NECROPSY . . . . . . . . .... . . 
No t. Exami ne d : NOT PRESENT IN SECTI ON . . . . . . . . . . . . . 
No t Excminod : NOT ?RESENT !N WET TISSUES. . . .... . . 
Lynphoma , ma l i gna n t; ma l i g nant. ; s e c ondary ; 

i nci d e n t.dl . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 

PANCREAS; 
Exami ne d .. . . . . . . .. . . . . . .. . . . . . . . . . . . . .. . • . . • .... . . 
With i n No r mal Limi t.s . . . .. . . . . .... . . . . .. . • . . ... .. . . 
No t Exami n e d : NOT PRESENT IN SECTI ON . . . • ....•... • 
Fib r o s is; duct ;ular . . . . .. . . . . .... . . . . ... • . . .. ... . . 
Di l atation ; duc tul ar . . . . . . . . .... . . . . .. . • . . • .... . . 
I n f lam.."D.at.io n, rni xed cel l ; duct u lar . . . . . • . . • . . . . . . 

SKIN; 
Exami ne d .. . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . .. . . . . 
Wich i n No r mal Limics . . . .. . . . . . . .. . . . . . . . . . . . .... . . 
Hen.or rha g e ; s ub cuca.ne o us t i ssue ; reg i o nal l y 

e xtens i v e .. . . . . . .. . . . . . . . . . . . . .. . . . . . .... . . 
Hyperp las ia; epid e rma l ; f o cal . .. . . . . . . . . . . . .... . . 
Cr u s t; serocel.lu lar . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 
Inf l am.mat.io n, rnixe d cel l ; dermal ; f oc a l . . . • .... . . 
Dysplas ia ; adnexa . . . . . .. . . . . . . .. . . . . .. . . . . . .... . . 
Cyst ; f oll i c l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Pap i l loma ; squ..amou s cell ; be n i gn; i nci d e nt.al ... . . 
Sc hwa nno ma, ma.li gna nt.; r:i.al igna n t wit.h :r.i.etas t.as i s ; 

p ri.mary ; f at.al . . .. . . . . . . . . . . . . .. . . . . . .. . . . . 

SMALL INE S! INE , DUODEITTJJ1; 
Exa mi ne d .. . . . . .... . . . . . .. . . . . .. . . . . . . .. . • . . •. ... . . 

Testing Facility Smdy No. 20105943 
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Appendix 15 Pat.holooy - I nceroroup Cornpar1s on of Neopi ast.:ic Hist.o ~at.holoqy Observati ons 

20105943 - A 26 wee k Carcinogen1cicy Study o f I enapano r end AZ 13792925 by 0:-al 
G.avage i n CByBEFl Tq rasH2 Hem1zy1; ous mice 

Obs e r va t i ons : Ueo- Pl as~ic - - - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - MALES - - - - - - - - - - - - - - - - - - - - - - -- - - - -- - - - - - -

Re moval Reasons : Al l of t.hose SELECTED 

Nu.W er o r A.'ll 1mals on s c.ucty : 
Nu."ll.ber o f A..'"l i ma l a Conpleced : 

SM.l\LL INTESTINE, DUOD£Nt11; (conc i nued) 
With ir. Norma: Li mits • . . • . . . . . • . . • . . . . . • . . • . . • . . • •. 
Noc Exarrined : fOSIMORTEM C:iAKGE PRECLUDES 

EVALUA:ION , , , • , , • , , • , , • , , • , , , , , • , , • , , • , , • • , 
Sarcoma ; n?~ ocherwi a e spe c i fied; malignan't 

with-out metastasis; l ncide nta l , • , , • . , • , , • •. 

SH.l\LL I NTESTINE, ILEilll ; 
:e:xamir.ect • . . • . . • . . • . . • . . • . . . . . • . . • . . . . . • . . • . . • . . • •. 
Wich ir. Nor :od: Li mi -c.:i • . . • . . • . . • . . • . . • . . • . . • • . • . . • •• 
No1: E xami n e-d: !;OSTMORTEM C3.A.KGE PRECLUDES 

EVl\LUAJION . . . • . . • . . • . . • . . • . . • . . • . . • • . • . . • •• 

SH.l\LL I NTESTINE, JEJUl!UM; 
Exa1111r.ed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. 
Wich ir. Norma: Li mi-cs • . . • . . • . . • . . • . . • . . • . . • • . • . . • •• 
Noc Exami ned: fOSfMORTE:H CoAl'GE PRECLUDES 

EVALUA:ION , , , • , , • , , , , , • , , • , , , , , • , , • , , • , , • • , 

SPINAL CORD; 
Excuni r.e d . , , . , , . , , . , , . , , • • , . , • • • , • • , . , , • • , • • , . , , • • , 
Wich ir. N•:irma: Li mi-cs •..• • . • . .• • .• . . . . .• • .• . .• . .• •. 
Cyst; meni na es . . . . . . . . . . . . . • . • . . • . . . . . • . . . . . . . . •. 
Cyst ; squanous . . . . . . . . . . . . . • . • . . • . . . . . • . . . . . . . . •. 

SPLE?:~ ; 

Exdtnir.cd . , , . , , . , , . , , . , , • • , . , • • • , • • , , , , • • , . , , . , , • • , 
Wi c h ir. Norma j L i mi 1:s. 
Piqmer.t . . . . . . . . . . . . . . . . . . . . • . • . . • . . . . . • . . . . . . . . •. 
I ner-eased hena ropoi es is . . . . . . • . . . . . . . . • . . . . . . . . •. 
Atrophy • . . • . . • . . • . . • . . • . . . . . • . . • . . . . . • . . • . . • . . • •. 
He morrhag e ; f o ce. l , , • , , • , , • , , • , , • , , • , , • , , • • , • , , • • , 
H~!M.ngios.a:::-coma: r.t.a lignan~ wi1;h m~~o.s~asis : 

primary; i ncide ntal . . . .. . .. . .. . .. . . 
Hemangi osa:-coma; r.talignant without metascasis ; 

i nci dental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Testing Facility Study ~o. 20105943 
Sponsor Reference No. RDX5791-TX-16 
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Appendix 15 

Provantis 8 - Pro ducti o n US 

Patho l ogy - Int erg r o up Compari so n o f Neop l astic Hi s t o Patho l ogy Observatio ns 

20105943 - A 26 we e k Carcino genicity Study o f Tenapanor and ~.Zl3'7 9292 5 by Oral 
Gav ag e in CByB6Fl Ig rasH2 Hemizygous mice 

Obse r vatio ns : Nee - Plastic - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MALES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Re mov.a.l Reaso n s : All o f t hose SELECTED 55 110 10/10 0 30/30 0 
mg/ kg/ mg/ kg/ mg/ }:g / mg/ }:g / mg/ l :g/ mg/ l:g/ mg/ l:g/ 

Number of Ani r:tal s o n Study : 25 25 25 25 25 25 2 5 
Number o f Animals Compl eted : (25) (25) (25) (25 ) (25 ) ( 25 ) (25 ) 

100/80 0 75 
mg/ kg/ mg/ kg/ 

2 5 15 
(25 ) ( 15) 

- - - - - - - - - - - - - - - - - --- - - - - - - --- - - - - - - --- - - - - - - - - - --- - - - - - - ---- - - - - - - --- - - - - - - --- ---
SPLEEN; (con t inued ) 

Hemangi o sarcoma; mal ignant witho ut metastas i s; 
f atal . . . . . . . . . . . . . . . . . . . . . . . . , . . . , . . . . . . . . , 

Lymphoma , ma l i gnant ; mal i gnant; secondary; 
inc i d enta l .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

STOMACH; 
Exami ned .... . .. . . . . . . . . . . . . . . . . . . . . . , . . • .. . . . . . ... (25) 
Wi thi n No rmal Li mits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Ero s i on ; mucosa!; g landular; f o ca l . . . . . . . • . . . . . . . O 
Inf i lt.ratio n, mixed cel l . . . . . . . . . . . . . . . . . . . . . . . . . 0 
I n f i ltratio n, r:tixed c .e-11; submucosal . . . . . . . . . . . . . O 
?apilloma ; mul t i p l e; squamous c e l l; b e n i gn; 

inc i d enta l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • O 
?apilloma ; squamo us cel l; benign; i nci dental . . . . . O 
Squamous c e l l carci noma; ma l i gnant witho ut 

metast.a.sis; i nci d enta l . . . . . . . . . . . . . . . . . . . . . 0 

SUBCUTIS; 
Exa mi ned . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . 
Wi chin No r ma l Li mits . . . . . . .. . . . .. . . . . . . . .. . . .. . . . . 
Hemangi o sarcoma ; mal i gna n t wit.ho ut r:tetastas i s; 

(0) 
0 

f atal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 
Sc hwannorna, ma l i gnant; :r.ial ignant wi th metastas i s; 

primary; i nci d ental . . . . . . . . . . . . . . . . . . . . . . . . O 

n sns; 
Exami ned .... . . . . . .. . . . . . . . .. . . . .. . . . . . . . .. . . . . . .. . (25 ) 
Wit.bin No rma l Li mi ts. . . . . . . . . . . . . . . . . . . . . . . . . . . ... 25 
Degeneratio n / atro phy; t ubul ar; b i later a l . . . . . . . . . 0 

THYMUS ; 
Exami ned .... . . . . . .. . . . . . . . .. . . . .. . . . . . . . .. . . . . . .. . (25 ) 
Wit.b i n No r ma l Li mits . . . . . . . . . . . . . . . . , . . . .. . .. . . ... 25 
No t Examined : NOT PRESENT IN SECTI ON . . . . . . . . . . . . . 0 
No t Examined : NOT PRESENT IN WET TISSUES. . . . . . . . . 0 
Hyperplasia; atypical . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

Testing Facility Study No. 20105943 
Sponsor Reference No. RDX5791-TX-16 
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Appendix 15 ?achology - I ncergrou;> Comparison o f Neop l asti c Hi st.o Pa cholog11 Observetions 

2 01059 43 - A 26 week Car-cinoqenici~y S 'tudy o f !ena9anor and AZ13 'i92 9 2 S by Oral 
Gcvage i n CByBEF l I g rasH2 Eemi zygous mice 

C1Dser v ac1on s : Neo- P1asc1c - - - - - - - - - - - - - - - - - -- - - - - - - - - - - --- - - - - - M.ll.L~S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -

Removal Rea sons : Al l of those SELECTED 

!i'urnber o f ~..n ine. l~ on Seud y : 
Jiumber o f An ina ls Compl eted : 

THYMUS; (continued ) 

0 
mg/ ko;/ 

25 
(25) 

Decrco.~ed cel l i.:. l .:ll: i ey; l ympho id • . . • . . • . . • . . • • . • • . 0 
Lymphoma , ma l i onant ; mal i onan"C: s econda ry: 

i nciden tal • . . • . . • . . • . . • . . • . . . . . • . . • . . • . . • . . O 
Thymoma, m.aligr.an~ ; maL i gna nt witho·it metas tasis; 

i ncide.nea l • . . • . . • . . • . . • . . • . . . . . • . . • . . • . . • . . 0 
M:esochel ioma , ma l igna nt; ma:ignant ; s econdary ; 

i ncidental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Mesocne11oma 1 mau.gna nt; ma l ignant. •a t.nout 

rn.: e.a.s i:.as :. s ; f aea.i. • .• • .• • .• • . • • .• • . ••.• 0 

TONGUE; 
Exami ned... . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . (25) 
Wichin No nnal Limi "Cs. 2 S. 

TOOTH ; 
E:xc.mi ned.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (0) 
Wit.hln Norma l Limi t s.. . .... . .. . .. . . . . .. . . .... O 
Anel oblastorna ; ma l i gnant without metastas i s; f a tal O 

TR.>.CHEA; 
Exa mined.. . . . . .. . . . . . .. . .. .... . . . . .. . . .. . . .. .. . . . . (25) 
Within Normal Li mi t.s. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 25 
Not. r.xem1necs : tiOT ?Rl!:St.NT Ill S~CIION . • . . • . . • • . • • . 0 
Nc'e Exa..vnin.:d : NOT PRESENT Hi WET TISSUES . 0 

URI KARi BLADDER; 
:i::xamtned.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . ( 2 5 } 
Wi1;hin Nonna ! limi~s . . . ... . . . . . . . . . . . • • . • . 2 S. 
Noc Lxemi ne d : NOT PRESLNT Ill SECU ON . • . . • . . • • . • • . 0 
Noc Lxemi ne d : NOT PRESLNT Ill WET TISSUES . . . • • . • • . 0 

UTE ROS; 
Exa mined.. . . . . .. . . . . . .. . .. .... . . . . .. . . . .. . .. .. . . . . (- ) 
Within Normal Li mi ts . . . . . . . . . . . . . . . . . . . . . . . . .. . . • . 
Noe r.xemi ne d : NOT ? RESENT Ili SEC'II ON, 
Cys t.le endornetria l hyperplasia 

Testing Facility Study No. 20105943 
Sponsor Reference No RDX5791 -TX· 16 

0 
ng/f:gf 

25 
(2 5) 

(25 ) 
2 5 

(0 ) 

0 
0 

(25 ) 
25 

(2 5 ) 
2S 

0 
0 

( - ) 

0 
mg/ kg/ 

2 5 
(25) 

( 25 ) 
2 5 

(0) 

0 
0 

(25) 
25 

(25) 
2S 

( - ) 

55 
ng/ kgf 

25 
(25 ) 

0 

(25 ) 
2 5 

(0) 

0 
0 

(25 ) 
25 

0 

(2 5 ) 
2S 

0 
0 

( - ) 

110 
mgf}:g/ 

2 5 
(25) 

( 25 ) 
2 ·; 

(0) 

0 
0 

(2 !} 
24 

(2>) 
2 ·; 

( - ) 

10/100 
mg/f:gf 

25 
(25 ) 

0 

( 25 ) 
2 5 

(0) 

0 
0 

(25) 
25 

0 

(2 5 ) 
2 S 

0 
0 

( - ) 

Appendix 15 Path-oloqy - I ntergrou9 Compari s or. of Neopl asti c Hi sto Ea thology Obs er vet ic•ns 

2 010 5943 - A 26 week Carci noqenicity St.udy of I enapanor end AZ13 79292S by Oral 
Gavage i n CByB6f l l g rasH2 Hemizygous mice 

30/ 300 
mg/ kg/ 

2 5 
(25) 

( 25 ) 
2 5 

(0) 

0 
0 

(25) 
25 

(25) 
2S 

0 
0 

( - ) 

Obs e !vat i ons : Neo- Pl esti c - - - - - - - - - - --- - - - - - - - - - - - - - - - - -- - - - - - - t1.~LES - - - - - - - - - - -- - - - - - - - - - - - --- - - - - - - - - -

Removal Reasons : Al l of thc•s e SEL£CTED 0 0 0 55 l!O 10/10 0 30/30 0 
mgf}:g/ mg/ kg/ mg/f:gf mg/ kg/ mg/ kg/ mg / kg/ m; / kg/ 

Nurrber o f An:.mala c·n $1;uciy : 2S 2 S 2 S 2S 2S 2S 25 
Number of AnLmals Compl eted : (25) (25) (25) (25 ) (25 ) (25 ) (25) 

10 0/ SCO 
rr.g/ kg/ 

25 
(25 ) 

0 

( 25 ) 
2 5 

(0) 

0 
0 

(24) 
24 

l 

(25 ) 
2S 
0 
0 

( - ) 

100/€00 
mg/ kg/ 

2S 
(25) 

75 
mg/ kg/ 

15 
(15) 

(13) 
13 

(() 
0 

(1 3) 
13 

( 1 3) 
13 

0 

( - ) 
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7 5 
mg/ kg/ 

l S 
( 151 

---------------- -----------------------------------------------------------------
UTERUS: ( con1:. inu ed) 

Ancma l y; va scul ar; uni late ral . . . . . . • . . . • . • . . . . . • . 
c yst. ; un11at era1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 
Thrombus; vascula r: uni l ate ra l . . . . . . . . . . . . . . . . . • . 
Schwannorna, ma l ignant ; mal igna nc; secondary; 

inc i den1:.o.l • • . • . . • . . • . . • . . • . • • . . • . . • . . • . . • . . 
He:.Fl..angi o .s-arcoma ; m.a l iqna nt with-out met a sta s i s ; 

i nci dental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ly-nphcma , mal igna n t.; rr.al. i gna.n e : s~condary; 

i nci dent a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 

VAGINA; 
Examined . . . . . . .. . . . . . . . . • . . . . . • . . . . . • . . . . . • . . . . . • . 
W1t h1n No rma l L1m1ts . . . . • . . . . . • . . . . . • . . . • . • . . . . . • . 

Reference ID: 43006SO 

( - ) ( - ) 

55 

( - ) ( - ) ( - ) ( - ) ( - ) ( - ) ( - 1 
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Appendix 15 

Provanti s 8 - Producti o n US 

Pa t.hology - I ncerg r o up Compariso n o f Neoplast.i c Hi sto Patho l ogy Obse: rvaci o ns 

20 105943 - A 26 we e k Carc i n o g e n i c ity S t.udy o f Tenapa no r and Jl..Zl 37 92925 by Oral 
Gav age i n CByB6Fl Tg rasH2 Hemizygous mi c e 

Obs e rvat.i ons : Neo - Pl ast.i c - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - fEMALES - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - -

Removal Reaso ns : Al l o f tho se SELE.CTE.D 0 0 0 55 11 0 10 /10 0 30/30 0 
mg/l:g/ mg/ kg/ mg/ kg/ mg/ kg/ mgf):g/ mg/ l:g/ mg / kg/ 

Number o f Ani mal s o n Study : 25 25 25 25 25 25 25 
Num.ber o f ~.nirnals Compl eted : (25) (25) (25) (25 ) (25 ) (25) (25) 

100/80 0 75 
mg/ kg / mg/ kg / 

25 15 
(25 ) (15) 

---------------------------------------------------------------------------------
ARTERY, AORTA; 

Examined .. . . . . . . . .. . . . . .. . . . . . . . .. . . . . .. . . . . .. . .• . 
With i n No r mal Li mi t:s . . . .... . . . . .. . . . . . .. . . . . .. . . • . 
Lymphoma , ma l i gnan't ; mal i gnant; s e condar y; 

(25) 
25 

i nc i d enta l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Me so t helioma, mal i gnant; ma l i gnant; seco ndary; 

i nc i d ental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 

ARTERY, MESENTER.IC; 
Exami ne d. . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . • . . • . . . . • . (0) 
With i n No rmal Li mits. . . .. . . . . . . . . . . . . . .. . . . . .. . . . . O 
Thrombus . . 0 

BODY CAVITY, NASAL; 
Exami ned. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . (25) 
Wi"Ch i n No r ma l Li mi ts. . . .. . . • . . • . . . . . . . . . • . . • . . . . • . 25 

BODY CAVITY, oro..L; 
Exami ne d. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . (0) 
With i n No rmal Li mits. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 0 
Squc.mou s c e l l carci noma ; ma l i gnant •,;oi t hout 

me"Cas"Casis; f a"Cal . . . . . . . . . . . . . . . . . . . . . . . . • . O 

BONE Ml'.RROW; 
Exami ne d. ... . . . . . .. . . . . .... . . . . .. . . . . . .. . . . .. . . . . . (25) 
With i n No rmal Li mits. . . . . . . . . . . . . . . . . . . . • . . . . . . . • . 25 
I ncreased myelo i d t o erythro i d ratio . . . . . . . . . . . • . 0 
Dec reased ce l l u lar i ty . . . . . . . . . . . . . . . . . . . . . . . . . . • . 0 
Lymphoma , ma l i gnant; ma l i gnant; .secondary: 

i nc i d e n tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . O 

BONE, FEMUR; 
Exami ne d. ... . . . . . .. . . . . .. . . . . . . .. . . . . . .. . . . . .. . . . . (25) 
Within No r ma l Li mits. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 25 

BONE I s TE n.NUM; 
Exami ned. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . (25) 

Testing Facility Study No. 20105943 
Sponsor Reference No. RDX5791-TX-16 

(25) 
25 

(0 ) 
0 

(25) 
25 

(0 ) 
0 

(25) 
25 

0 
0 

(25 ) 
25 

(25) 

(25) 
25 

(0) 
0 

(25 ) 
25 

(0) 
0 

(25) 
25 

0 
0 

(25 ) 
25 

(25 ) 

(25 ) 
25 

(0) 
0 

(25 ) 
25 

(0) 
0 

0 

(25 ) 
25 

0 
0 

(25 ) 
25 

(25 ) 

(25 ) 
24 

(0) 
0 
0 

(25 ) 
25 

(0) 
0 

0 

(25 ) 
25 

0 
0 

(25 ) 
25 

(25 ) 

(25) 
25 

(0) 
0 
0 

(25) 
25 

(0) 
0 

0 

(25 ) 
25 

0 
0 

(25 ) 
25 

(25) 

(25) 
25 

(0) 
0 

(25) 
25 

(0) 
0 

(25) 
25 

0 
0 

(25 ) 
25 

(25) 

(25 ) 
25 

(0) 
0 
0 

(25 ) 
25 

(0) 
0 

0 

(25 ) 
24 

l 
0 

(25 ) 
25 

(25 ) 

( 12) 
4 

(0) 
0 
0 

( 12) 
12 

(0) 
0 

0 

( 12 ) 
7 
0 

( 12) 
12 

( 12) 
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Reference ID: 4390680Reference ID: 4492620

Appendix 15 

Ob s e rvaci o ns : Neo - Plast.i c 

? r ovanti s 8 - Producti o n US 

Pa t.ho logy - I nee rgro up Compariso n o f Neoplasei c Hi st.o Paeho l ogy Observations 

20 105943 - A 26 week Carcino g e nici l:y Study o f Te napanor end AZ13792925 by Oral 
Gavage i n CByB6 f l !g rasH2 Hernizygous mice 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FE~LES - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - -
- - - - --- --- -- ---- --- --- --- --- --- -- ---- --- --- --- --- --- ------ ---- -- ---- --- --- --- ---

Re mova l Reaso ns : Al l o f those SELE.CI E.D 

Numbe r o f Ani mal s o n Study : 
Numbe r o f Ani mal s Comple t e d : 

BONE., STERNUM; (conti nued) 
Wi ehi n Nor mal Li mit::i . . . .. . . . . .. • . . . . . . . • . . . . .... . . 

BRAIN; 
Exami ned .... . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . .. . . . . 
Wi thi n Nor mal Li mits . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 
Lymphoma , malignant ; ma l i gnant; secondary; 

i nci d e n tal . . . . . . .. . . . . .. . . . . . . . . . . . . . .. . . . . 

CERVIX; 
Exami ne d .... . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . .. . . . . 
Wi thi n No r mal Li m.its . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
He rna.ngi o sc:.rcoma ; nel igna nt wi tho ut rne 'tastasis; 

f a te! . . . . . . . . . . . .... . . .. . . . . . . . . . . . . . .... . . 
Schwanno rna, mali gnant; mal ignant; seco ndary; 

i nci d ental . . . . . . .. . . . . .. . . . . . . . . . . . . . .. . . . . 
Lymphoma , malignant ; ma l i gnant; s e c ondary; 

incide n tal . . . . . . . . . . . . . . . . . . . . . . . . . . . .. • .. • 

EAR; 
Exami ned .... . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . • 
Wi thi n No rmal Li mits . . . .. . . . . .. . . . . . . . . . . . . . .. . . . . 
I n f lamm.ati o n, neutro phi l i c; tympani c cav i ty; 

b i lc:.t e ral . . . . . . . .. . . . . .. . . . . . . . . . . . . . .... . . 

E.PI D!DYMI S; 
Exami ne d .. . . . . . . . . . . . . . .. . . . . .. • . . . . . . .• . . . . .. . . . . 
Wi thi n No r mal Li mits . . . .... . . .. . .. . . . . . . . . . . .... . • 
Spe r m gra nuloma; uni l ate ral . . . . . . . . . . . . . . . . . . . . . • 
De c r ease d c e l l u lar i ty; lume n; spe rm; bilat e ral . . . 
Di l atat i on ; ductul ar; f oc a l . . . . . . . . . . . . . . . . . . . . . • 
Lymphoma , malignant; ma l i gnant; secondary; 

i nci d ental . . . . . . .. . . . . .. . . . . . . . . . . . . . .. . . . . 

ESOPiiAGOS; 
Exami ne d .... . . . . . . . . . . . .... . . .. . . . . . . . .• . . . . .... . • 
Wi thi n No r mal Li mit s . . . . . . . . . . . . . . . . . . .• . . . . . . . . . • 

Testing Facility Study No. 20105943 
Sponsor Reference No. RDX5791-TX-16 

0 0 0 55 110 !0/ !00 3 0/ 3 00 10 0/800 75 
mg/ kg/ mg/ kg/ mg/ kg/ mg/ kg/ mg/l:g / mg/ kg/ mg/ kg/ mg/ kg / mg/ kg/ 

25 25 25 25 25 25 25 25 15 
(25) (25) (25) (25 ) (25 ) (25) (25) (25 ) (15 ) 

---------------------------------------------------------------------------------
25 

(25) 
25 

0 

(25) 
25 

0 

0 

0 

(0) 
0 

0 

( - ) 

( 2 4) 
2 4 

25 

(25) 
25 

(25) 
25 

0 

(0) 
0 

( - ) 

( 24 ) 
24 

25 

(25) 
25 

(25) 
25 

(0) 
0 

( - ) 

(25) 
25 

25 

(25 ) 
25 

(25) 
25 

(0) 
0 

( - ) 

(25 ) 
25 

25 

(25 ) 
25 

(25) 
23 

(0) 
0 

( - ) 

(25 ) 
25 

25 

(25) 
25 

(25) 
25 

0 

(0) 
0 

( - ) 

(25) 
25 

25 

(25) 
25 

(25) 
25 

(0) 
0 

( - ) 

(25) 
25 

25 

(25 ) 
25 

(25) 
25 

0 

( 1) 
0 

( - ) 

(25 ) 
25 

12 

(12 ) 
10 

( 12 ) 
10 

0 

(0) 
0 

( - ) 

( 12 ) 
12 

Page 107 



IND 108732                                                                                                          Reviewer: Dinesh Gautam, Ph.D 
 

 58

 

Reference ID: 4390680Reference ID: 4492620

Appendix 15 

Pr ov anti s 8 - Pro ducti o n US 

Pa tholog y - Int e rgr o up Compari so n o f Ne op l a s t i c Histo Pa tholog y Obs e r v a t i o ns 

20105943 - A 26 ~••k Carcino geni c icy Scudy o f Tenap ano r and AZ137 9292 S by Oral 
Gav a g e in CByB6fl Tg rasH2 Hemi z ygous mice 

Ob s e r v a t i o n s : Ne o - Pl ast i c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FE~..ALES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Re moval Re a so ns: All o f t hose SELE:CTED SS 110 10 /10 0 30/30 0 
mgf}:g / mg/ }:g / mg/ }:g / mg / kg/ mg/ kg/ mg/l:g / rr:g/l:g / 

Number o f Ani r.i.als o n Scudy : 2S 2S 25 25 25 25 25 
Number o f Ani mals Co!np!eted : (25 ) (25 ) (25 ) (25 ) ( 2S) (2 5 ) (2 5 ) 

100/800 75 
mg/ kg/ mg/ kg/ 

25 15 
( 2 S) ( 15) 

- - - - - - - - - - - - - - - - - --- - - - - - - --- - - - - - - - - - --- - - - - - - --- - - - - - - ---- - - - - - - --- --- - - - --- ---
E:SOPHAGOS; (c on t inue d ) 

No c Examine d : NOT PRESENT rn WET TISSUES. 0 
Squa mou s c e l l carc inoma ; maligna n t IA'i t hOUi:. 

metas tas is ; f a tal , , . . . . . . . . . . . . . . . . . . . . .. . . 0 0 0 0 0 0 0 

EYE; 
Exami ne d . . . . . . . . . . . . . . . . . . . . . . .. . . . .. .. . . .. . .. . . (25 ) (25 ) (25 ) (25 ) ( 25 ) (25 ) (25 ) ( 25 ) (12) 
Wi thi n No r mal Li mits . . . . . . . . . . . .. . . . . . .. . . . . . .. . . 25 2S 25 25 25 25 25 2 5 0 
Dege nerat i on; r e tina ; b i lat e r al . . . . . . . . . . . . . ... . 0 0 0 0 0 0 0 0 l! 
Lymphoma , malignant ; ma l i gna nt; s e c ond ary; 

inc i d e n tal .. .. . . . . . . . . . .. . . . . . . . .. . . . .. .. 0 

GALLBLADDER; 
Exa..111i ne d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . .. . . (2S) (25 ) (25 ) (25 ) ( 25 ) (25 ) (25) ( 24 ) (12) 
Wi thi n No r mal Li mits . . .. . . . . . . . . . . . . . . . . . . . . . .. . . 2S 25 25 25 2S 2 5 2 5 24 12 
No c Examine d : NOT ?RESENT rn SECIION. . . .. . . . .. .. 0 0 0 0 0 0 0 I 0 
No c Examine d : NOT ?RESENT IN WET TISSUES. 0 0 0 0 0 0 0 0 0 

GALT; 
Exami ne d . . . . . .. . ... . . . .. . .. . . . . . . . . . . . .. . .. . .. . . (2S) (25 ) (25 ) (25 ) (25 ) (25 ) (25 ) ( 23 ) (12 ) 
Wi t.hin No r mal Li mits . . .. . . .. . . . .. . . . . . . ... .. . .. .. 2S 25 25 25 2S 2 5 2 5 23 12 
No c Examine d : NOT ?RESENT IN SECTION. .... ... ... . . 0 0 0 0 0 0 0 0 

GLAND, ADRENAL ; 
Exa..111i ne d . . . . . .. . ... . . . . . . . . . . . . . . . . . . . . . . . . . .. . . (2S) (25 ) (25 ) (25 ) (2S) (2 5 ) (2 5 ) ( 2S ) (12 ) 
Wi thin No r mal Li mits . . .. . . . . . . . .. . . . . . . . .. . . . .. .. 2 9 8 10 3 
No c Examine d : NOT ?RESENT rn WET TISSUES. ' ' . .. . . 0 0 0 0 0 0 0 0 
Hyperplas ia; s ubca p s u lar cell ; bilat eral . , , . .. ... 2 4 20 17 19 18 4 7 4 8 
Hyperplas ia; s ubca p s u lar cell ; unilateral ' ' . .. . . 0 3 6 5 11 10 11 
Congest.i on; b i l ateral . . . .. . . . . . . . . . . . . . . . . . .. . . 0 0 0 

GLAND, nARDERiAN; 
Exami ne d . . . . . . . . . . . . . . · · · · · · · · .. . . . .. .. . . .. . .. .. (2S) (25 ) (25 ) (25 ) ( 25 ) (25 ) (25 ) ( 25 ) (12 ) 
With i n No r mal Li mit s . . . . . . . . . . . . . . . . . . .. . . .. . .. . . 2S 24 21 22 24 24 2 3 25 9 
Hype rplas ia; unilat e r a l ; f oc a l . . . . . .. . .. . .. . .. . . 0 0 0 0 0 0 
Inf ilt rat i o n, mo nonuc l ear cel l .. . . . .. . .. . .. . .. .. 0 0 0 
Ad e norna; b e n i gn; incide n t.al , . , .. . . . . . . .. . .. . .. .. 0 0 

T~sting Facility Study No. 20105943 
Sponsor Reference No. RDX5791-TX-16 Page 108 



IND 108732 Reviewer: Dinesh Gautam, Ph.D 

Appendix 15 

Obs e rvaci ons : N=?o - Pl asc i c 

Pa~hology - I ncergroup Conperi s on of Ne•:iplasci c Hi s~o Pachology Obser :;atic•ns 

2 01059?3 - A. 26 wee k Carcinogenici~y S'tudy of I e:ia pa r.o r and AZ13 792925 by Or a l 
Gavage i n CBy136~ 1 Tg ras1t2 tte:ru.zygou.s n i ce 

- - - - - - - --- - - - - - - - - -- - - --- - - - - - - - -- - - FE~LES - - - -- - - - -- - - - - --- - - - - - --- - - - - - - - - --
--------------------------------------------------------------------------------

Remova l Reasc•n s : Al 1 of thos e: SELECTED 0 0 0 55 110 10/100 30/30 ) 100/60 0 7 5 
nq /f:q/ rnq /f:g/ ir.q /f:qf rrq / kq f mr;/ l:g / mq/ kq / mg/ kq / mq/ kq/ mq/ kq/ 

!iu.nJ:>e r or Ani ma l s on s cudy : ZS 25 25 25 25 25 2 5 25 15 
Uunber o f Ar. i ma l a Com9l.e1:.ed : (25) (25> ( 2 5 ) ( 25 ) ( 25) ( 25) ( 25) ( 2S) ( IS) 

---------------------------------------------------------------------------------
G~AUD , iiARDERIA."1; (conci nu ed ) 

Lyrn_phoma, mal i gnant ; mal:gnan~ ; s econdar y; 
i nc i de:nt a l • . . • . . • . . • . . • . . • . . • . . . . . • . . • . . • • . O 

G!.A!iD I LACRI!-1.AL; 
Exa rni n o?d . . . •. . •. _. _ . •. . • . _ • • . (2 5) 
Withi n Normal Limits. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 25 
I nf i l tra t i c•n, mononuc l ear ce l l . • . . • . . . • . • . . • . . • • . O 

G!.A!fD, M.~~i:{Y ; 

Exarni neci . . . • . . •. . • . . • . • • • . • . . • • . • . . • . . . • . • . . •. . • • . 
Withi n Norma l Limi t s . . . . . .. . .. •. . . .. . 

GLAl!D, eARATHYROI D; 
Exa mi ne d . . . • . . •. . • . . • . . • . . • . . • . . • . . • . . . . . • . . •. . • • . 
Withi n Normal L1m1ts • . . • . . • . . • . . • . . • . . . . . • . . •. . • • . 
No~ Examined : NOT PRES E.N'! I N SECT I ON. . . . • . . •. . • • . 
No1: E.,.;ami n .;d : NOT PRESEN'J IN WET TI SSUES . 
Cyst; uni l a t e r a l 

G~Al!D, erroIIARY; 

(25) 
2 5 

( 9) 
8 

0 
l 

Exa mi ne d. . . . • . . • . . • . . • . . • . . • . . • . . • . . • . . . . . • . . • . . • • . (25) 
Wi~l".in Nor rod! Limi'C.:i. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 2 5 
Not. Examined : EXl!AUSIED DURING HISTOLOGY 

PROCESSING. . . • • • • • . • . . • . . • . . • . . . . . • . . • . . • • . 0 
Not. Exami ned : LOSl DURrNG ~'ECROPSY . . . . . . • . . • . . • • . 0 
Not. Exami ned : NOT ?RESEii: IN SECTION . . . . • . . • . . • • . 0 
No t E,xam!ned : NO! ? Rf.SL.N: I N NE1 I I S SU!.S . . . •. . • • . 

Gl.AUDi PROSTAT E; 
Exa mi ne d . . . • . . •. . • . . • . . • . . • . . • . . • . . • . . . . . • . . •. . • • . 
Withi n Normal Limits • . . • . . • . . • . . • . . • . . . . . • . . •. . • • . 
Not. Exami ned : NOT ?RESEii: IN SECTION . . . . • . . •. . • • . 
Lymphoma, mal i gnant; ma:ugnan~; s econdar y; 

i n c i deneo.l • . . • . • • • . • . . • . . • . . • . . . . . • . . •. . • • . 

Testing F acility Study No. 20105943 
Sponsor Reference No . RDX5791 -TX- 16 

Reference ID: 43006SO 

( - ) 

(2 5) (2 5 ) 
25 25 

0 0 

(2 5 ) (2 5 ) 
25 25 

(10) (16) 
9 15 

15 

(24) ( 25 ) 
2 4 25 

(-> ( - ) 

59 

(2 5 ) (2 5 ) ( 2 5 ) (25 ) (25 ) (12) 

24 25 23 22 23 12 
l 0 2 3 0 

( 25 ) P S ) ( 25 ) ( 2 5 ) ( 2 5 ) ( 1 2) 

25 25 25 25 25 12 

(14) (JS) (17) ( 13) ( 16) (3) 
13 15 16 12 17 3 
11 10 12 

0 
0 

( 25 ) ( 2 4 ) ( 23 ) ( 2 5 ) ( 25 ) ( 12 ) 
25 2 4 2 3 2 5 25 12 

( - ) { - ) ( - ) ( - ) ( - ) 
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Reference ID: 4390680Reference ID: 4492620

Appendix 15 Pa t ho l ogy - I nterg r o up Compar i so n o f Neopla s t i c His t.o Patholog y Obs e r vations 

20 105 94 3 - A 26 we e k Ca r cino ge n ici t.y S t udy o f I e na p-a no r and J!i.Zl 3792925 by Or al 
Gavag e i n CByB6 Fl Tg rasH.2 Hemizy gous mice 

Ob 5e r vaei o n s : Ne o - Pl a::it.i c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FE~LE S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Re:mova l Reaso ns : All o f t ho s e SELECTED SS 110 10/10 0 30/30 0 
mg/ kg / mgf):g / mg/ kg/ mg/l:g / mg/ k g / mg/ k g / mg/ kg / 

Number of .iIDi rna l s on Study : 2 5 25 25 25 25 25 25 
Number o f Ani ma l s Comple t e d : (2 5) (25 ) 12 5) (25 ) (25) (25 1 (25) 

100/80 0 75 
mg / kg/ mg / kg / 

25 15 
(25 1 (15 ) 

---------------------------------------------------------------------------------
GLAND, SALI VARY; 

Exami n ed . . . . . . . . . . . . . . . . . . . .. . . . . . . . . • . • . . . . . . • . . . 
Wi e h i n No r mal Li mit s . . . . . . . . , . . . . . . . . . . . . . . . . . • .• . 
I n f ile rae i o n , mononucl ear c e l l . . . . . . . . . . . . . . . • .. . 
Lyr.tphoma , malignant ; ma l i g nant ; s e c ondary; 

i nci d e n t al . . . . . . . . . . . , . . . . . . . . . . . , . . , . . • .. . 

GLAND, SEMINAL VESI CLE; 
Exa mi n ed . . . . . . . . . . . . . . , . , , . . , . . . . . . . . . . . . . . , . , • . . , 
Wi thi n No r mal Li mits. , , . , , . . , . . . . . . . . . . . . . , , . , • . . , 
Lymphoma , maligna n t; ma l i gnant. ; s e condary; 

i nc i d e nt a l . . . . . . . . , . .. . . . . . . . . . . . . . . . . . • . .. 

GLAND , THYROID; 
Exa mi n ed .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . • . . . . . . • .. . 
Wi t h i n No r ma l Li mits . . . . . . . .. . . . . . . . . . . • . . . . . . • . .. 
Not. Exa.rnined : NOT PRESENT IN SECTI ON. . • . . . . . . • . . . 

GLAND, 2YMBALS ; 
Exami n ed . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . • . . . . . . • . . . 
Wi t.h i n No r mal Li mits . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . 
No t E:xamine d : NOT ?RESENT IN SECTION . . • . . . . . . • .. . 

H~AR! ; 

Exami n ed . . . . . . . . . . . . . . . . . • . . . . • . . . . . . • . • . . . . . . • . . . 
Wi thi n No r mal Li mit s . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . 
Cardi omyop a t hy . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 
Mesot h e l ioma , mal ignant; maligna m; wi t h me tas t a s i s 

; p rimary ; fa t al . . . . .. . . . . . . . . . . . . . . . . . . . . . 
Lyr.tphoma, ma l i gnant ; ma l i g nant ; s e c ondary ; 

i nc i d ental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 

HEMOLYMPHORETICULAR TISSUE ; 
Exa mi n ed . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 
Wi t h i n No r mal Li mits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lymphoma , maligna n t ; ma l i gnant wit h me tastas i s ; 

p r ima ry; i nc i d e n t a l .. . . . . . . . . . . . . . . . . . . . 

Testing Facility Smdy No. 20105943 
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(2 51 
2 4 

l 

0 

( - ) 

125 1 
2 5 

0 

12 41 
2 4 

125 1 
25 

0 

0 

0 

(01 
0 

0 

(25 ) (251 (25 ) 
22 23 2 1 

2 4 

( - ) ( - ) ( - ) 

125 ) 125 1 125 ) 
25 25 25 

0 0 0 

(25 ) (23 1 (23 ) 
25 23 23 

0 

125 ) 125 ) 125 ) 
25 25 25 

0 0 0 

0 0 0 

(0) (01 (0) 
0 0 0 

(25 ) (25 1 (25 ) (2 5) 112 ) 
22 18 23 2 1 12 

2 0 

( - ) ( - ) ( - ) ( - ) ( - ) 

125 ) (2 4) 12 4) 125 ) I ll) 
25 24 24 25 11 

0 0 l 

124 ) 1221 (23 ) (231 ( 10) 
24 22 23 23 10 

l 

125) 125 1 125 ) 125 1 112 ) 
24 24 25 25 9 

0 0 0 0 1 

11 ) 101 (0 ) 101 112 ) 
0 0 0 0 0 
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Reference ID: 4390680Reference ID: 4492620

APPEARS THIS WAY ON ORIGINAL

Appendix 15 ?atho l!.oq y - Inte rgr o up Compariso n o f Neoplastic Hi st.o Pat.ho.l!.o gy Obse r vations 

20 105 94 3 - A 26 r..we e k Carcino ge n ic i c y S t udy o f Te n a p a nor and Jl.2137 92925 by Or a l 
Ga va g e in CByB6Fl Tg r a sH2 He miz ygou.s mice 

Obs er vat.ions : Nee - Pl astic - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FE¥.ALES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Remove.! Rea so n s : All o f t h os e SELECTED 0 0 0 55 110 10/10 0 30/30 0 
mg/ }:g / mg/ kg/ mg/ kg/ mg/ }:g / mg/ kg/ mg/ }:g / mg/ kg/ 

Numbe r o f Ani mals on St udy : 25 25 2 5 25 25 25 25 
Numbe r o f Ani mals Comple t e d : (2 5) (25 ) (2 5) (25 ) (25 ) (25 ) (25 ) 

100/80 0 75 
mg / kg / mg/ kg / 

25 15 
(25 ) ( 15) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - -
HEMOLYMPHORET!CULAR TISSUE; (con t i nu ed) 

Lymphoma, ma l i gnant.; ma l i g nant. wi t.h met.a::it.•.'L':l i s; 
p r imary ; f atal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

KIDNEY; 
Exami n ed . . . . . . . . . . . . . . . . . .. . .. . . . . •. • . . . . . . • . . .. • . 
Wi t hi n No r ma l Limits . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 
Inf i l t.r at.io n , mo nonucl e a r c e l l . . . . . . . . . . . . • . . . . • . 
Inf i l t.r at.io n , monon uc l e a r cell; pe l v i::i . . . . • . . .. • . 
Deg e ne r at.io n / r e g e ne r a t.i o n ; t ubular . . . . . . . . . . . . . • . 
Inf lan.rnatio n, mi xe-d cel l ; :r.iu l tifoc a l . . . . . . . . . . . • . 
Lymphoma, ma l i gna n t; ma l ignant; s e condary ; 

inc i d e n t a l . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. • . 

LARGE INTESTINE, CECUM; 
Exami n ed . . . . . . . . . . . . . . . . . 
Wi t hi n No r ma l Limit.::i . . .. . . . .. . . . . . . . . . . . . . . • . . . . • . 
Not Exa mi n e d : NOT PRESENT I N SECTI ON . . . . . . • . . . . . . 
S i ng l e c e l l n e c r o s is; muco s a ! . . . . . . . . . . . . . • . . .. • . 

LARGE I NTESTINE , COLON; 
Exami n ed . .. . . . . . . . . . . . . . • .. • . . . • .. . . • . . . .. . • . • .. • . 
Wi t.bi n No r ma l Limits . . . . . ..•.. . . . . •. • . . . . . . • . . .. • . 

LARGE I NTESTINE , RECTUM; 
Exami n ed . . . . . . . . . . . . . . . . . . .• . . . . . . •. • . . . . . . • . . . . • . 
Wi t.bi n No r ma l Limit.::i . . . . . ..• . . . . . . • . • . . . . . . • . . .. • . 

LARYNX; 
Exami n ed . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . • . . .. • . 
Wi t hi n No r ma l Limit.::i . . .. . .. . .. . . . . . . . . . . . . . . . . .. • . 
Not Exa mi n e d : NOT PRES ENT I N SECTI ON. . . . . . . . . . . • . 
Lymphoma, ma l i gnant; ma l ignant; s e conda r y ; 

0 

(25 ) 
2 2 

0 
0 

0 

(25 ) 
2 5 

0 
0 

(25 ) 
25 

(25 ) 
25 

(25 ) 
25 

0 

inc i d e n tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 0 

LIVER; 
Exami n ed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . 
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(25) 
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(25 ) 
23 

1 
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(25 ) 
25 

0 
0 

(25 ) 
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25 
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(25 ) 
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25 
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25 

(25 ) 
2 5 

0 

0 

(25 ) 

(25 ) 
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(25 ) 
25 
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(25 ) 
25 
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24 
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(25 ) 
25 

0 
0 

(25 ) 
25 

(25 ) 
25 

(25 ) 
25 

0 

(25) 

(25 ) 
2 1 

3 

0 

(25 ) 
25 

0 
0 

(25 ) 
25 

(25 ) 
25 

(25 ) 
25 

0 

0 

(25 ) 

(25 ) 
24 

1 
0 

(25 ) 
25 

0 
0 

(25 ) 
25 
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25 
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25 
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(25) 
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20 
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0 
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0 
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25 
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25 
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Appendix 15 

?rovanti s 8 - Product i o n US 

?atholo.gy - Interg r o up Co::npari so n o f Neoplasci c Hi s t o ?at.ho l o.gy Obse r vati ons 

20 105 943 - A. 26 we e k Carcino ge n icity S t.udy o f Tenapano r and })1.213792925 by Oral 
Gavag e in CByB6Fl Tg r asH2 Hemizygo us mice 

Ob s e r vatio ns : Nee - Pl astic - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FE~.LES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Removal Reaso n s : All o f t hose SELECTED 0 0 0 SS 110 10/ 10 0 30 /30 0 
mg!':g / mg/ };g / mg/ kg/ mg/ }:g / mg/ kg/ mg/ kg/ mg/ }:g/ 

Number o f Anirnctls o n St udy : 2S 25 25 25 25 25 25 
Number o f Anima_l s Compl e ted : (25 ) (25 ) (25 ) (25 ) ( 2S) (2 5 ) (25 ) 

100/800 7 S 
mg/ kg/ mg/ ikg / 

2 5 15 
(2 5 ) (15) 

---------------------------------------------------------------------------------
LIVER; (c o ntinu e d ) 

Wich i n Norma.! Li mits .... . . . . . . . • . . • . . . . . • .. . .•.. . . l 'l 
Va c u o l ati o n; h epat oce l l u la:::- . . . • . . . . . . . . • . . . . . . . . . 0 
Ne c r os i s; he p at.o c e l l u lar . . . . . . . . . . . . . . . . . . . . • . . . . 0 
Inf lamm.atio n , mixe d cel l . . . . . . . . . . . . . . . . . . . . • . . . . 8 
f o cus o f c e l l ular alt.eration , b asophi l ic . . . . . . . . . O 
Inf arc t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 
Lymphoma, ma l i gnant.; ma l i g nant; s e condary; 

inc i d e n tal 
Hemang i o s arc oma; mal ignan t; s e c o nd ary ; inc i d e n tal 

LUNG; 
Examined . . . . . . .. . .. . .... . . . . . . . . . . . . . . . . . .. . .•.. . . 

0 
0 

(25 ) 
Wi th i n No r ma l Li mits. . . . . . . . . . . . . . . . . . . . . . . ... . .. . 2 1 
Hype r p las ia; b r o nchi o l o a l ve o lar; f o c a .l . . . . . . • . . . . 1 
Hemo rrha ge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . O 
Inf i ltra t i o n, h i st.i o cyt ic . . . . . . . . . . . . . . . . . . . . . . . . 2 
Inf l ammatio n, mi xed cel l ; f oca l . . . . . . . . . . . . . . . . . . O 
Mesot hel ioma , mal ignan t; maligna n t.; s e c o ndary; 

inc i d e n tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 
Br on chi oloa l v e o l a r carcinoma; ma l igna _nt wi thou t 

me tast.asi s; inc i d e n tal . . . . . . . . . . . . . . . . . . . . . O 
Bron chi o l o alve o l a r a denoma; benign ; inc i d e n tal . . . 1 
Lymphoma, ma l i gnant ; ma l i gnant ; s e c ondary ; 

i nc i d ental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Schwa nnoma, ma l ignant; mal ignan t; sec o ndary ; 

inc i d e n tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 

LYMPH NODE., 11.liJmIBULAR; 
Exami ne d . . . . . . .. . .. . . . .. . . . . . . . . . . . . . . . . .. . . .•.. . . (25 ) 
With in No r ma l Li mits.... . . . . . . . . . . . . . . . . . .. . ...... 2 4 
Not Examine d : NOT ?RESENT IN SECTI ON. . . . . . . . • . . . . 0 
Not Examine d : NOT ?RESENT IN WET TISSUES . . . . • . . . . 0 
?lasmacyt.osis; medul lar y sinus . . . . . . . . . . . . . . 
Dec r ease d c e l l u larit y; lympho id . . . . . . . . . . . . . O 
Lymphoma, malignant; ma l i gna nt; s e con dary ; 

inc i d e n tal . . . . . . . . . . . . . . . . . . . . . . . . 0 

Testing Facility Smdy No. 20105943 
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23 20 

(2 4) (25 ) 
23 25 
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Patholoqy - I ntergroup Compari s on o f Ne op l astic Hi .st o Pathology Obse r vatio ns 

2 iH OS.94 '3 - A 2E· ""*s- k Carc:. noq~nic i cy Se·.tdy o f T~napan.or and J.2 13 7 92925 by Or a l 
Gavage in CByBE Fl Tg resH2 Hemizyqous rr.ice 

Ob~e rvceion~ ; Ne o - Pl e..:i e i c - - - -- - - - - - - - - - -- - - - - - - - - - - - - - - -- - - - - FEMALES - - - - - - - - - -- - - - - - - - - - - - - -- - - - - - - --- -

Remo'la l Rea son s : ~.1 1 o f those SELECTED 

Number :if Animal s on Seuciy 
Number :if Animal s Conpl e t e:d : 

L YMPli NOD?:, ~DIBUL.~R; ( conti nued) 
Schwannoma , malign.anc: !"..a l ::.gn.:i.nt ; s~c :indary; 

inc i d e ntal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 

LTMP!i No or., ~SE.NlERIC; 
Exami n ed •. . •. . •. . • . 
Wi::h i n Uormal Li mits • . . • . . . . . • . . • . . • . . • . . • . . • . . • • . 
Noo Examined : NOT ?RESENT : N WEI TISS<JES . • . • . . • • . 
Decr ed.3ed cel l u loriey; lympho id • . . • . . • . . • . . • . . • • . 
Lvr.u:>homa, nal i cmant; :na l i o:i.anc ; s econdar y ; 

i nci d ental • . . • . . • . . . . . • . . • . . • . . • . . • . . • . . • • . 

MijSC:.E , SKE LETAL; 
Examined • . . • . . • . . • . . • . . • . . . . . • . . • . . • . . • • . • . . • . . • • . 
Wi::h in liormal Limi ts • . . • . . . . . • . . • . . • . . • • . • . . • . . • • . 
oegenerac1on / r egenerat1on; my:ir 1be r . . • . . • . . • . . • • . 
Inf i l 1;r aeion, rn.~nonucl.:er c~ ll . .. , .. . .. . . . . .. • • • . 
Ly11phoma, nal i gnant; :na l i g:i.anc ; s econdar y; 

i nci d ental • . . • . . • . . . . . • . . • . . • . . • . . • . . • . . • • . 

NERVE, OPTIC; 
Exami ned • . . • . . • . . • . . • . . • . . . . . • . . • . . • . . • . . • . . • . . • • . 
Wi::h in Uormal Limits • . . • . . . . . • . . • . . • . . • . . • . . • . . • • . 

0 
mq/ kg/ 

2S 
(25) 

0 

(25) 
25 
0 
0 

0 

(25) 
13 
12 
0 

0 

(25) 
25 

No~ E":a mined : NOT PRE:SEiNT : N SECI I ON . • . . • • . • . . • • . 0 
Lynphoma, nal i gnant; :na l i g:i.anc ; s econdar y ; 

i nci d ental • . . • . . • . . . . . • . . • . . • . . • . . • . . • . . • • . O 

NERVE, SCIATI C : 
Exami ned • . . • . . • . . • . . • . . • . . .• . • . . • • . • . . • • . • . . • . . • • . 
Wi::h in Uormal Limits • . . • . . .• . • . . • • . • . . • • . • . . • . . • • . 

OVAR'{ ; 
Exami ned • . . • . . • . . • . . • . . • . . . . . • . . • . . • . . • • . • . . • . . • • . 
Wi::h in Uormal Limits • . . • . . . . . • . . • . . • . . • • . • . . • . . • • . 
No~ Exc::.rnined: NOT FOUND AT NECROPSY. . • • . • • . • . . • • . 
Cyst; paraovari en; uni l ate ra l 

Testing Facility Study No. 20105943 
Sponsor Reference No. RDX5791-TX-16 

Reference ID: 43006SO 

(25) 
25 

(25) 
25 

0 
0 

0 
ng/ kg/ 

2 S 
(25) 

(25 ) 
25 

0 

(25 ) 
8 

17 

63 

0 
mgf}:g/ 

2S 
(25) 

(25) 
25 

0 

(25) 
8 

17 

55 
mg/ kg/ 

2S 
(25 ) 

(25 ) 
25 
0 
0 

(25 ) 
10 
15 

110 
ng/ kg/ 

2S 
(25 ) 

(25 ) 
2 4 

0 

(25 ) 
11 
1 4 

10/ 100 
mgf}:g/ 

2S 
(25) 

(25) 
25 

0 

(25) 
15 
10 

30/ 300 
m;/ kg/ 

2S 
(25 ) 

0 

(25 ) 
25 
0 
0 

(25 ) 
18 

0 

10 0/ 800 
mg / kg/ 

2S 
(25 ) 

0 

(25 ) 
25 

0 
0 

(25 ) 
11 
1 4 

0 

75 
mg/ kg/ 

15 
( 15) 

(1 2) 
6 
0 

(1 2) 

( 12) 
12 

( 12) 
12 

( 12) 
11 
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Appendix 15 Pathology - l n t er g r oup Ccimparison o f Ne op l a s tic Hi s t o Pat hology Obs e r v ation s 

2 0105943 - J;. 2€ wee k Carc i nog en i c i t y S t udy o f I enapano r a:id .~2 13 7 92925 b y 0 :-al 
Gavage i n CBy B6f l Tg rasH2 Hemi zygo:is mice 

Obse rvati ons : lieo- Pl es t : c - - - - - - - - - - - --- - - - --- - - - --- - - - - - - - - - - FEMALES - - - -- - - - - -- - - - - -- - -- - -- - -- - -- - - - - - -

Rem.ova l Rea sons : Ali o f t hos e SELECJED 0 0 0 SS 110 10110 0 30/300 
mg/f:g / mg / kg/ mg/f:g / mg/ kg/ mg/f:g / ng/ kg/ ng/ kg/ 

Nunber o f A.nimc l ~ on S e u-dy 25 25 25 2 5 2 5 25 25 
Nunbe r o f An i mal s Corr.pi eced : (2 5) (2 5) (2 5) (25 ) (25 ) (25 ) (25 ) 

l 0 0/800 75 
mg / kg/ ng /kg / 

25 15 
(25 ) (15 ) 

---------------------------------------------------------------------------------
OVA.RY; (con~inued) 

1y-mphoma , ma l i gnant ; na l : gnent; s econdary; 
incide nt.a: • . . • . . • . . • . . • . . • . . • . . • . . • . . • • . • . . O 

OVIDUCT; 
Exami n ed •. . •. . • • . • • . • • . • • . • • . • . . • . . • . . •• . • . . • • . • . . 
Wit.bi n Norma l L:imi t s . . . . . . . . . . . . . . .. . .. • .. . . 
lloc Exami ned : NOT FOUllD AT llECROPSY • . • . . • . . • • . • . . 
noc E,xam1ne d : NO! ?Rf.SEN: H i S! CII ON . • . . • . . • • . • . . 
lloc Examined : NOT PRESENJ Ill WET JISSUES. . . • • . • . . 
1y-mphoma , ma l i gnant ; na l : gnenc; s~condary; 

i ncidenc e.: 

PAllCRrAS; 

(2 5) 
2 5 

0 
0 
0 

0 

Exam.ineci .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . (2 S) 
Wi chi n Norma l L:mits. . . . . . . . . . . . . . . . . . .. . . . . . • . . . . 2 5 
lloc Examined : NOT PRESENJ Ill SECTION . • • . • . . • • . • . . 0 
Fibr o s i s : duc~uja r . . .. _ .... __ ... 0 
Oi l at.a t i on ; ductul er . . . . . . . . . . . . . . . . . . . . . . . . • . . . . O 
rnr 1arnmat.1on, m:xea c e11; d:uct.ul ar . . . . . . . . . . • . . . . o 

SKI N; 
rxam1ned.. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (25) 
Wi t.bi n Norma l L:mits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 
He:morrhag~; subcucaneous t.issu~ ; regi ona l l y 

excen a i ve . • . . • . . • . . • . . • . . • . . • . . • . . • . . • . . • . . 0 
Hyp~rplasia; ep: de rma : ; f oc al . . . . . . . . . . . . . . . . . . . . O 
Cr ust.; seroc~l lu lar . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . O 
!nf larnmacio n , m: x ;:d c~ l i : d~rmel : f oca l .. . .. • .. . . 
Oysplas ia; adne xa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
cyst ; ro111c1e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Papi l loma : s quanous c el l : beni <Jn: inc id~nco l . .. . . 
Schwannom.a , m.a l : gnent. ; mal igna nt. y;i ch m~t.ast.asi s ; 

pr ima r y; racal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SM.'.LL INTESTINE, DUODENUM; 
rxc.mi n cd •. . •. . • . . • . . • . . • . . • . . • . . • . . • . . •• . • . . • • . • . . 

Testing F2cili.ty Study No. 20 105943 

Sponsor Reference No. RDX5791-TX-16 

Reference ID: 43006SO 

0 
0 
0 
0 

0 

(25) 

(25 ) 
2 5 

0 
0 
0 
0 

(2 5 ) 
2 5 

(25 ) 

64 

(2 5) 
25 

0 

(25 ) 
2 5 

0 
0 
0 
0 

(2 5 ) 
24 

0 
0 

(25 ) 

(25 ) 
25 

0 

0 

(25 ) 
2 5 

0 
0 
0 
0 

( 25 ) 
24 

0 
0 

(2 5 ) 

(25 ) 
25 

0 

0 

(25 ) 
2 5 

0 
0 
0 
0 

( 25 ) 
24 

1 
0 
0 
0 
0 
0 
0 

(2 5 ) 

(25 ) 
25 

0 

0 

(25 ) 
25 
0 
0 
0 

( 25 ) 
25 

0 
0 
0 
0 
0 
0 
0 

( 25 ) 

(23 ) 
23 

l 

0 

(25 ) 
25 
0 
0 
0 

(25 ) 
25 

0 
0 
0 
0 
0 
0 
0 

( 2 4 ) 

(25 ) 
25 

0 

0 

(25 ) 
25 
0 

(25 ) 
25 

0 
0 
0 
0 
0 
0 
0 

( 25 ) 

( 12) 
11 
0 
0 
0 

(1 2 ) 

12 
0 
0 
0 

( 12 ) 
6 

0 
l 
0 
0 
0 
3 
3 

(1 2 ) 
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Appendix 15 Pa t.holo g y - I nte r g r o up Compari so n o f Ne op l asei c His t.o Pa t ho l og y Ob s e r ve t i o ns 

20 1 0 5943 - A 26 we e k Ca r cinoge n ici t y S t udy o f Te na p a nor and AZ1 37 9292 5 by Oral 
Gav a g e i n CByB6F l !g rasH2 Hemi z ygous mice 

Ob s e r v a t i o ns : Ne e - Pl asti c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FE~.LES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Remova l Reaso n s : Al l o f t hos e SEL£CTE.D 

Number of Ani ma l s o n Study : 
Numbe-r o f An.i ma l s Comple t e d : 

SM.U L INTESTINE , DUODENUM; (conti nue d ) 
Wi t h i n No r mal Li mit s . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 
No t Examined : POS!MORTEM CHANGE PRECLUDES 

EVALUATION. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sar coma ; no t. ot.he r wi s e spec i f i ed ; malignan t 

wi t hout meta s t a s i s; i n c i d e n t a l . . . . . . . . . . . . . 

SM.U L INTESTINE , ILEUM; 
Exami ned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . • . 
Wi t h i n No r ma l Li mits . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . 
No t Excmined : POSTMORTEM CHANGE PRE:CLUDES 

EVALUH ION . . . •. . . . . . . . . . . . . . . . . . . . • .. . . • . • . 

SMALL INTESTINE, JEJUNUM; 
Exami ne d . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . • . • . 
Wi t h i n No r ma l Li mits . .. . . . . . . . . . . . . . . . . . . . . . . . • . • . 
No t Exa mine d : POSTMORTEM CHANGE PRECLUDES 

EVALUATION . . . . .. . . . . . . . . . . . . . . . . . . . . . . . • . • . 

SPINAL CORD; 

mg/ kg / 
25 

(25 ) 

25 

0 

0 

(25 ) 
25 

0 

(25 ) 
25 

0 

Exami ne d . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . .. . . .. . . . . . . (25 ) 
Wi t h i n Normal Li mit s.. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 25 
Cyst. ; me n i nge s . . . . . . . . . • . . . . . . • . .. • . . . . • . . . . . . • . . . O 
Cyst ; squa mou s . . . . . . . . . • . . . . . . . . • • . . . . • . . . . . . • . • . 0 

SPLEEN; 
Exa mi ne d . . . . . . . . . . .. . . . . . . . . . . . . . ... . . . .. . . . . . . . . . . 
Wi t h i n No r mal Li mi t s . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . 
? i g:me n t. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 
I nc r e a s e d he ma t opo i e s i s . . . . . . . • . •• . . . .• . .. . . . • . • . 
Atr ophy . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hemorrh a ge; f o cal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 
Hemang i o s .a.rcoma ; ma l igna nt wi t h me t a sta s i s ; 

prima r y ; i nc i d e nt a l . . . . . . . . . . . . . . . . . . . . . . . . 
Henang i osarcoma ; mal ignan t wi t ho u t: metas tasi s ; 

i nc i d e n tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Testing Facility Smdy No. 20105943 
Sponsor Reference No. RDX5791-TX-16 

(25 ) 
18 

! 
6 
0 
0 

0 

0 

mg/ kg / 
2 5 

(2 5) 

25 

(25 ) 
25 

(25 ) 
2 5 

(25 ) 
24 

1 
0 

(25 ) 
1 6 

0 

mg/ kg / 
25 

(25 ) 

25 

0 

(25 ) 
25 

0 

(25 ) 
25 

(25 ) 
25 

0 
0 

(25 ) 
14 

0 

55 
mg/ kg / 

25 
(25 ) 

25 

(25 ) 
25 

(25 ) 
25 

(25 ) 
25 

0 
0 

(25 ) 
19 

0 

! 10 
mg/ kg / 

2 5 
(25 ) 

25 

(25 ) 
25 

0 

(25 ) 
2 5 

(25 ) 
25 

0 
0 

(25 ) 
1 6 

0 

0 

10 /10 0 
mg/ kg / 

25 
(25 ) 

25 

(25 ) 
25 

(25 ) 
25 

(25 ) 
25 

0 
0 

(25 ) 
19 

0 

30/ 3 00 
mg/ kg / 

2 5 
(25 ) 

23 

(24 ) 
24 

(24 ) 
24 

(25 ) 
2 4 

1 
0 

(25 ) 
17 

1 
6 
1 
0 

0 

10 0/ 800 7 5 
mg / kg / mg/ kg / 

25 15 
(25 ) (15 ) 

25 12 

(25 ) ( 12) 
25 12 

0 0 

(25 ) ( 12) 
25 12 

0 0 

(25 ) ( 12) 
22 12 

0 
0 

(25 ) ( 12) 
17 

0 0 
8 2 
0 0 
0 0 

0 
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Appendix 15 

?rovanti s 8 - Producti on US 

Pathology - Inte r g r o up Compari son o f Neoplast.i c Hi s t o Paehology Obs e r vatio ns 

20 1 0 5943 - A 26 we e k Carcinoge nicity Study o f Te napano r end P..213192925 by Oral 
Gavag e in CByB6f l 'Ig rasH2 Hemi zygous mice 

Obs e r vaeio ns : Neo - Pl a::it.ic - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FE~J\LES - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - -

Removal Reaso ns : Al l o f t hose SELECTED 0 0 55 1 10 10 /10 0 30/30 0 
mg/ kg/ mg/ kg/ mg/ kg/ mgf):g / mg/ kg/ mg/ kg/ mg/ kg/ 

Number o f Ani mal s o n Study : 25 25 25 25 25 25 25 
Numbe r o f Animals Comple t e d : (25 ) (25) (25) (25 ) (25) (25 ) (25 ) 

100/80 0 75 
mg / kg/ mg/ kg/ 

25 15 
(25) ( 15) 

---------------------------------------------------------------------------------
SPLEEN; (continued ) 

Henang i o s c.rcoma ; mal igna nt without me tastasis; 
f at:al . . .... . . . . . .. . . . . .. . . . . . . . . . . . . . .... . . 

Lympho:na, ma l i gnant; mali gnant; s e condary ; 
inc i d e ntal . . . . . . .. . . . . .. . . . . . . . . . . . . . .... . . 

STO!-'.ACH; 
Exami ned .... . . .... . . . . . .. . . . . .. . . . . . . ..• . . • . .... . . 
With i n No r ma l Li mits . . . .. . . . . .. . . . . . . ..• . . . . .... . . 
Er osion ; mucosal; g landular; f oca l . . . . • . . . . . . . . . . 
Inf i ltratio n, mixed ce l l . . . . .. . . . . . . . . . . . . . .... . . 
Inf i ltratio n, mixed cell; subrnucosa! . . . . . . . . . . . . • 
?apil loma ; multi ple; squcmous c e l l ; b e n i gn; 

inc i d enta l . . . . . . .. . . . . .. . . . . . . . . . . . . . .... . . 
?ap i l loma ; squamous cel l ; benign; i nci d ental . . . . . 
Squcmous c e l l carc i noma; ma l i gnant •..ri t.ho ut 

metaseasis ; inc i d enta l .. . . . . . . . . . . . . . .... . . 

SUBCUTIS; 
Exami ned . . .. . . .... . . . . . .. . . . . .. . . . . . . .. . . . . . .... . . 
With i n No r ma l Li mits . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 
Hernangi osarcoma ; nal ignan t wiehout metasta s i s; 

fatal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Schwanno rnc, ma l i gnc nt; mclignant with n e tast.asis; 

primary; inc i d e n tal . . . .. . . . . . . . . . . . . . .... . . 

TESTIS; 
Exami ned .. . . . . .... . . . . . .. . . . . .. . . . . . . . . . . . . . .... . . 
Within No r ma l Li mits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Dege ne r aeio n / aer o phy; t ubul.ar; bi laee ral . . . .... . . 

THYMUS; 
Exami ned.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . 
With i n No r ma l Li mits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Noc Examine d : NOT ?RESENT :EN SECTI ON . • . . • . •••.• . . 

No o Examin• d : NOT ?RESENT IN WET TISSUES . . . .... . . 
Hyperplas ia; atypica l . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Testing Facility Study No. 20105943 
Sponsor Reference No. RDX5791-TX-16 

(25) 
25 

0 
0 
0 

0 0 

(25 ) (25 ) 
24 25 

l 0 
0 0 

0 

0 0 
0 0 

(0) (0) 
0 0 

( - ) ( - ) 

125) 125 ) (25 ) 
24 23 25 

0 0 
0 0 
0 0 

(25) (25 ) (25 ) 125 ) ( 12) 
25 25 25 25 l 

0 0 0 0 
0 0 0 0 

0 0 0 

0 0 0 0 
0 0 0 0 

( 1) (0) 101 (0) (0) 
0 0 0 0 0 

( - ) ( - ) ( - ) ( - ) ( - ) 

125 ) 125 ) 125 ) 125 ) ( 15) 
22 22 23 22 

0 0 0 
0 0 0 

0 0 
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Appendix 3: ExecCAC Meeting Minutes dated December 17, 2013 (RAT). 

I.xecutin• CAC 

Date of Meeting December 17, 2013 

Committee: David Jacobson·Krun., Ph.D., OND-IO, Chair 
Abby Jacobs, Ph.D., OND-10 , Member 
Paul Brown, PhD., OND-10, Member 
David Joseph, Ph.D., DGIEP, Alternate Member 
Susbanta K Chakder. Ph.D .. DGIEP. Supenisor 
Dinesh Gautam. Ph.D., DGIEP. Presenting Reviewer 

Author of Drafr: Dinesh Gautam, Ph.D. 

The folloning information r eflects a brief $wruDarr of the Commirree discussion and irs 
recommendations. 

The Committee did not address the sponsor's proposed statistical evaluation for the 
carcinogenicity bioa.ssay. as this does not affect the sponsor' s ability to initiate the bioassay. The 
sponsor may seek guidance on the staristical evahiation ofbioassay results front agency staff 
separately. Data files should be submitted electronically following the CDER!CBER Guicfance 
for Industry, Providing Regulatory Submission in Electronic Format- Human Phamiaceutic.il 
Product Applications and Related Submissions Using the eCTD Specifications (June 2008) and 
the associated Study Data Specifications document. 

11'1>: 108.732 
Drug Name: AZD1722 (RDX5791) 
Sponso1~ Ardelyx, Inc., Fremont, CA, USA 

Background: 
. !1122...uodiw~C1U1nri0011euNHE.l.i11hibitor_i.Uleinir..ctey.elo~ for the .treatment 

(bl «•~tipation-
predominant irritable bowel syndrome (IBS-C). (bl l.il The 
sponsor submitted a 2-year rat carcinogenicity study protocol and the rationale for dose selection 
for the proposed carcinogenicity study. Tue selection of the high dose for the proposed 2-year 
oral gavage carcinogenicity study was based on the toxicological findings of the 14-day, 1-
month. 3-month and 6-month oral gavage toxicity snidies with AZDl 722 in rats. 

R:tt Ca1•cinogeuid~· Stud~· Protocol and Dose Selection 
In the proposed 104-week carcinogenicity study in Crl:CD(SD) rats, groups of anintals (60 
rats/se.'i/group) will be orally (gavage) administered AZDl 722 at dose levels ofO. 1.0. 3.0 and 10 
mg/kg/day (dosing vollune lmlJkglday). Control animals will receive the same volume of 0. 1 % 
Tween 80 (wlv) in deionized water (vehicle). 

In the 14-day oral toxicity study in rats, RDX5791 \Vas administered orally once daily at close 
levels ofO. 0.1. 1.0. or 10 mgfkg/cl:ay. There were no mortalities in this study. Male rats in the 10 

Reference 10: 3424%0 
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IND 108732 Reviewer: Dinesh Gautam, Ph.D 

APPENDIX 4: Executive CAC Meeting minutes Januaiy 22, 2019 

Enrurin CAC Final Smdy :Minurts 
Date of:\lttring : January 22, 2019 

Committee: Karen Davis Bruno, PhD. OND IO, Chait 
Paul Brown, PhD. OND IO. Member 
Tim McGovern, PhD. OND IO, Member 
Ron Wange, PhD, OND IO, Member 
Jay Chang, PhD, DAAAP. Alternate Member 
Sushanta Chakder. PhD. DGIEP. Phann/Tox Supen·isor 
Dinesh Gautam, PhD. DGIEP, Presenting Re\~ewer 

The following information reflects a brief summary of the Committee discussion and its 
recommendations. 

IXD: 108732!\1)_.\: 111801 
D1'Ug i\'am t: T t nap:rnor (AZD1721/EDX5791) tabltrs 
Sponsor : Ardelp:, Inc. 

Background 
Tenapanor (AZDl 722 or RDX579 1), a sodium a 'h dro en anti rter 
is bein devel~. for the treatment of 

(b)1t constipation-predoouna- · -nl-im~. t-a:"'bl:"'e"'.'bo-w-·e"'."1-sy-rn~dr:"'o-m-e "::(IB~S-C~):"'_";::::==:~~ 
---..,.--.,.--..,..,..<b_l_<4 .. [ The Sponsor has submitted the final reports of the 2-year oral 

(gavage) carcinogenicity study of AZD 1721 in rats and the 26-weel: oral cat·cinogenicity study 
of AZDl 721, and AZ! 3792925 (major tenapanor metabolite) in Tg rasH2 mice. The doses used 
in the studies were concwred by the CDER Executive CAC. 

Rat Carciuo~euicity Smdy 
Tenapanor dose levels used in the 2-year rat carcinogenicity study were 0 (\·ehicle. 0.1% Tween 
80 in water). l. 3, and 10 mg/kg/day. The high-dose of 10 mg/kgfday was selected based on the 
MTD from the 14-day and 6-month toxicology studies in rats. On Day 86, the I 0 mg/kg/day dose 
level was redoced to 5 mgtkg/day due to a decrease in body weight up to 20%. On Day 92. the 3 
mg/kgfday (mid-dose) dose Jeni was reduced to 2 mg/kgfday for both male and female rats. 
Males in tile high-dose group ( 10f5 mg/kg/day) were tenninated early at Week 83, as only 15 
ani..nials survived in the group. All o ther male groups were terminated at Week 86 after only 20 
ani..nials survived in the male vehicle control group. All female groups were terminated on Week 
96 due to survival in the vehicle control female group reaching 20 animals. 

The1·e were no tenapanor-related significant effects on survival of male or female rats. 
Tenapanor-treated animals showed up to 20% reduction in body weight within the first 3 months 
of the srudy. Treatmenl with tenapanor wa$ not associated with a treatment-related significant 
increase in neoplasms in male and female rats. 

'.\louse Carcinoi:euidty Smdy 
In the 26-weel: carcinogenicity study in Tg rasH2 mice with tenapanor and its niajor metabolite, 
AZl37929t5. tenapanor doses of 100. 300 and 800 mg/kg/day were used for females, and 10. 30 
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