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sponsor’s description, extracellular cGMP decreases pain-fiber activity, resulting in reduced
visceral pain. Intracellular cGMP causes secretion of chloride and bicarbonate into the
intestinal lumen, through activation of the cystic fibrosis transmembrane conductance regulator
(CFTR), which results in increased intestinal luminal fluid and accelerated transit.

2. Background
Chronic Idiopathic Constipation
Chronic idiopathic constipation (CIC) is a functional GI motility disorder that is diagnosed by
Rome Foundation criteria based upon a constellation of bowel symptoms reported by patients
in the absence of any structural or biochemical abnormalities or other organic diseases that can
cause constipation. Symptoms reported by CIC patients as important and bothersome include
infrequent defecation, hard stools, straining during defecation, a sense of incomplete
evacuation, abdominal discomfort, bloating, and at times, abdominal pain.
CIC is estimated to affect between 12% and 19% of North Americans, has a higher prevalence
in women than in men, and the prevalence increases with age.
Irritable Bowel Syndrome with Constipation
Irritable bowel syndrome (IBS) is a functional GI motility disorder in which abdominal pain
and discomfort are associated with altered defecation. The diagnosis is primarily based on
evaluation of existing symptoms and the exclusion of other conditions or diseases. Rome
Foundation criteria identify 3 major subtypes of IBS: IBS with constipation (IBS-C), IBS with
diarrhea (IBS-D), and IBS with mixed symptoms of constipation and diarrhea (IBS-M).
Linaclotide is intended to treat IBS-C.
IBS-C patients report multiple abdominal symptoms (e.g., abdominal pain, abdominal
discomfort, and bloating) and bowel symptoms (e.g., infrequent bowel movements, incomplete
bowel movements, straining, and hard stools) as important and bothersome. Among these
symptoms, abdominal pain and infrequent bowel movements are consistently experienced by
the majority of patients.
The etiology and pathophysiology of IBS is not fully understood but appears multifactorial.
Alterations in GI motility, visceral perception of pain, and psychosocial factors contribute to
overall symptom expression. IBS is one of the most frequently seen GI disorders affecting 1015% of the population in the Western world, with the disease more prevalent in women.
Like many diseases without a clear pathophysiology, the diagnosis is made by identification of
a constellation of signs and symptoms, and the absence of key alarm symptoms. Treatment of
IBS is aimed at symptomatic relief of abdominal symptoms, normalization of defecation, and
improvement of quality of life. As IBS is a chronic condition with no known cure, therapy
needs to be suitable for long-term use.
Current treatment options for IBS-C are limited and include only 1 prescription agent
(Amitiza) approved for IBS-C indication. Over-the-counter fiber supplements, laxatives,
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enemas, and suppositories are used to relieve the bowel symptoms of IBS-C; however, efficacy
for these treatments has not been evaluated by the FDA. Abdominal symptoms of IBS have
been treated with a variety of prescription agents unapproved for this indication, including
tricyclic antidepressants, anticholinergic agents, narcotics, and non-steroidal anti-inflammatory
agents. However, again the efficacy and safety of these therapies have not been evaluated by
the FDA. Only 1 prescription medication, lubiprostone (Amitiza), a prostanoid that activates
the chloride channel type 2, is currently approved for the treatment of IBS-C and it is approved
for use in women only.
Therefore, there remains a need for a well-tolerated and effective therapy for IBS-C that
addresses the abdominal and bowel symptoms experienced by both male and female patients.
The regulatory events related to this product are summarized in the following table. Please see
Dr. Wynn and Dr. Dimick’s review for detail.
Date
August 4,
2004

September
30, 2004
November
9, 2004
May 5,
2005
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Summary of Events
Agency agreed with sponsor’s approach for conducting general toxicology
studies. The Agency agreed that no further genotoxicity studies were
required. Agency also agreed that no neurobehavioral toxicology studies
beyond obtaining clinical observations from general toxicology studies
were required. The Agency stated that results of subacute toxicity studies
and future subchronic toxicity studies would need to be assessed before
agreeing that carcinogenicity studies would not be required. Agency stated
that in addition to PK studies, quantitative fecal and urinary recovery of the
study drug and metabolites must be demonstrated in a mass balance study.
A colonic transit test using radio-opaque markers was recommended to
assess the drug’s pharmacodynamic effects. Agency stated that a single
ascending dose safety study must be performed and assessed before multidose studies could commence. Agency recommended that the multiple
dose study be conducted in normal healthy volunteers first.
IND 63290 was submitted by Microbia, Inc. for a Phase 1 study to be
conducted with MD-1100 Acetate for the treatment of IBS C. Study is
deemed safe to proceed. Doses studied were 30µg, 100µg, 300µg, 1000µg,
and 3000µg among 5 separate cohorts.
Advice letter to sponsor—Obtain 12 lead ECG at 24 and 48 hours post
dose to fully evaluate any potential drug-associated ECG effects.
Teleconference with sponsor to discuss amendments to Protocol MCP-103002 entitled “Clinical Protocol for a Seven Day, Oral Multiple Ascending
Dose, Placebo-Controlled Study of MD-1100 in Healthy Subjects”. The
amendment proposed language be added to the protocol to clarify that
changes in bowel habits should not be considered adverse events since such
changes are expected pharmacodynamic effects of MD-1100 Acetate and
are collected on Bristol Stool forms. The Agency requested that the
sponsor rescind their proposal due to safety concerns and maintained that a
pronounced pharmacological effect may also be treated as an adverse
event, based on pre-specified definitions of diarrhea and constipation.
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Division recommended sponsor use definitions outlined in Rome criteria
for diarrhea and constipation. Sponsor agreed.
October 20, Type C Industry Meeting with Sponsor. Agency made recommendations
2005
for the primary endpoint to be used in Phase 3 trials of IBS-C and CC. For
efficacy assessment in the treatment of IBS, Agency recommended that the
patients’ global assessment of symptoms and clinically meaningful change
in a validated IBS symptom severity scale be used as co-primary endpoints.
Agency suggested efficacy assessments after 8 to 12 weeks of treatment for
IBS-C. Agency stated that proposed Phase 2 studies should follow patients
for 4 weeks after 12 week treatment phase during which withdrawal effect
and safety assessments could be evaluated. Agency stated that assessments
of behavioral and psychological disorders are important in the evaluation
of patients with IBS and should be included in the outcome analysis.
Definitions of responders and non-responders should be specified
prospectively.
February
Endpoints in CIC discussion.
13, 2006
June 5,
Agency recommended that the sponsor expand their overall efficacy and
2006
safety databases to include safety and efficacy data in a heterogeneous
population of subjects; extend the treatment period in Phase 3 trials to at
least 12 weeks duration followed by a 4-week withdrawal period; and
expand the overall long-term safety database. Agency also suggested
possible secondary endpoints. Agency also recommended that the sponsor
expand the overall long-term safety database to 1 year of exposure.
Sponsor proposed to use the “Patient Assessment of Constipation Quality
of Life, PAC-QOL” in lieu of the previously proposed IBS-QOL. The
Agency agreed to review the proposal after submission.
February
Advice letter to sponsor from nonclinical. Additional nonclinical study
15, 2007
reports are needed for review prior to the initiation of the Phase 3 trials.
April 6,
SEALD review states that primary endpoint for clinical trials are not
2007
acceptable and recommends revisions.
April 9,
Sponsor requests SPA agreement for nonclinical carcinogenicity studies.
2007
April 19,
Type B Meeting between the sponsor and Agency to discuss primary
2007
endpoint used in IBS-C phase 2b and 3 clinical trials, duration of treatment
and administrative issues. Agency stated that to obtain a claim for longterm use of the drug, the trial duration need to be 6 to 12 months. Trials
should include a 4 week post-treatment period in order to assess for
rebound constipation.
April 14,
Sponsorship of IND 63,290 changed from Microbia to Ironwood
2008
Pharmaceuticals
May 7,
SEALD Review of primary endpoint for Chronic idiopathic constipation
2008
trials.
May 15,
Discussed clinical pharmacology topics. Agency stated that it was
2008
acceptable for sponsor to enroll patients in the Phase 3 clinical trials using
Rome II criteria rather than Rome III criteria. Agency agreed to Phase 3
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The totality of the mouse toxicity data indicates that linaclotide-induced lethality was highly agedependent.
The Sponsor hypothesized that the increased sensitivity of neonatal/ juvenile mice to linaclotide
may be related to the increased expression of intestinal guanylate cyclase-C in young animals, or
possibly to other factors such as those related to an immature GI system. However, data from the
studies showed that there was no bodyweight loss in the neonatal mice that died within 24 hours
of dosing, which is inconsistent with the possibility of significant fluid loss due to an
exaggerated pharmacologic effect of linaclotide. Furthermore, toxicokinetic data showed that
there was no consistent detection of linaclotide or the active metabolite in plasma from groups in
which lethality was observed. Therefore, based on the limited information available in the
toxicity studies, it is not possible to determine the cause of the increased lethality of linaclotide
in neonatal/juvenile mice.
It should be noted that the minimum lethal dose in 7-day old mice (10 μg/kg) is approximately
2 times the maximum recommended clinical dose in adults, based on a bodyweight
comparison. Therefore, I concur with the recommendation of the Pharmacology/Toxicology
reviewer, Dr. Yuk-Chow Ng and Pharmacology/Toxicology team leader Dr. David Joseph that
the information about lethality in neonatal/juvenile mice be included in the labeling. Given the
potential risk in pediatric population, I concur with the recommendation of black box warning
to avoid to use this product in all pediatric population at this time, until further animal studies
become available. Because of potential higher risk in the younger pediatric population based
on the animal data, I concur with the team decision to contraindicate linaclotide in pediatric
patients up to 6 years of age and avoid use in all pediatric patients 6 through 16 years of age. I
also concur with Dr. Ng and Dr Joseph that the Sponsor should conduct, as a PMR
(postmarketing requirement), nonclinical studies to elucidate the mechanism(s) of linaclotide
lethality in neonatal/juvenile mice. The Sponsor should submit their proposed study protocols
to obtain the Agency’s concurrence before initiating the studies.

5. Clinical Pharmacology/Biopharmaceutics
Dr. Sandhya Apparaju is the Clinical Pharmacology reviewer for this NDA and Dr. Sue Chih
Lee is the Team Leader. They reviewed the NDA and concluded that NDA 202811 is
acceptable and there is no recommendation for Phase IV Commitments.
Systemic bioavailability of linaclotide and its active metabolite MM-419447 (formed via
removal of the carboxy terminal tyrosine) was found to be negligible following administration
of clinically relevant doses of the drug. Systemic exposures were assessed during phase 1
single dose and multiple dose PK/PD studies, and via sparse sampling in Phase 3 trials
following a change in the formulation. Validated LCMS/MS methods were used for the
detection of drug and metabolite in plasma.
In a food-effect PK/PD study, concomitant food intake did not result in detectable
concentrations of drug or metabolite in plasma. Dosing with food resulted in the formation of
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looser and more frequent stools suggestive of increased pharmacodynamic effects (based on
PD endpoints such as stool consistency and frequency). In Phase 2 and Phase 3 clinical trials of
CIC and IBS-C, linaclotide was dosed at least 30 minutes prior to breakfast. The proposed
labeling recommends dosing on an empty stomach. I concurred with Dr. Apparaju that drug
should be dosed on an empty stomach ‘at least 30 minutes prior to the first meal of the day’.
There was no metabolism of linaclotide in the human intestinal microsomes suggesting
absence of gut CYP450 involvement. Intestinal stability results suggest that the peptide is
broken down into smaller amino acid fragments by the action of local proteases. Systemic
drug-drug interactions with oral linaclotide are unlikely to be a concern due to negligible
systemic exposure of parent or metabolite after oral administration of clinically relevant doses.
Nevertheless, sponsor has conducted several in vitro studies to evaluate drug-drug interaction
potential of linaclotide via effects on CYP450 enzymes and transporters. In vitro inhibition
studies evaluating major drug metabolizing enzymes suggest that linaclotide or its metabolite
should not be expected to cause clinically meaningful inhibition of the metabolism of coadministered drugs.
Linaclotide doesn’t appear to be a substrate of P-gp nor did it inhibit P-gp mediated efflux of
digoxin. Linaclotide doesn’t cause inhibition of BCRP, MRP2 and MRP3 transporters. Results
suggest that linaclotide and its metabolite are unlikely to inhibit, induce major CYP450
enzymes and transporters and therefore are unlikely to interact with coadministered drugs. PK
and safety studies in specific subpopulations have not been conducted due to the absence of
systemic exposure following clinical doses.
Dose-finding of linaclotide was conducted during Phase 2b trials in CIC and IBS-C patients.
Linaclotide doses of 75, 150, 300 and 600 μg were evaluated against placebo. Endpoints
evaluated in the Phase 2b trials were similar to the clinical efficacy endpoints. For CIC, doserelated trends for various efficacy endpoints were noted. Safety information also suggested
dose-related trends in AEs, in particular diarrhea. Based on this information, the two middle
doses (150 μg and 300 μg) were selected for Phase 3 trials in CIC. Dose-related trends for
efficacy were not noted in the Phase 2b trial for IBS-C. In this population, the 300 μg dose
provided greatest benefit compared to the two lower doses and even the highest dose evaluated,
for most endpoints. Based on the information from Phase 2b, only the 300 μg dose was
progressed into phase 3 trials for IBS-C. The 600 μg dose was not continued into Phase 3 for
either indication due to a higher incidence of diarrhea and other GI adverse events as well as
discontinuations due to diarrhea. Note that due to revised potency expression for linaclotide,
the 150 μg and 300 μg dose strengths are renamed as 145 μg and 290 μg in the Phase 3 trials as
well as in the proposed labeling.
Because of linaclotide’s limited systemic bioavailability, a thorough QT study was not
performed. Based on recommendations received from FDA during development, triplicate
ECGs were obtained from a subset of patients in the Phase 3 CIC and IBS-C trials. The
Clinical reviewer Dr. Lara Dimick has noted absence of QT prolongation effects by linaclotide
in these data.
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Although linaclotide has negligible systemic bioavailability at clinically relevant human doses,
in order to evaluate the possibility of an unlikely transporter mechanism allowing for
appearance or concentration of linaclotide in breast milk as well as to inform the nursing
mother’s subsection of the label, a PMR will be issued to conduct an appropriate milk only
lactation study to assess concentrations of linaclotide and its active metabolite in breast milk.
Formal testing for assessing immunogenicity potential was not conducted for linaclotide.
Sponsor considers immunogenicity not to be a concern for the drug as it is a small peptide for
oral administration, and has no measurable systemic exposure following clinically relevant
doses. The Clinical reviewer Dr. Lara Dimick has not identified adverse events related
immunogenicity by linaclotide in the NDA safety data.

6. Clinical Microbiology
N/A

7. Clinical/Statistical- Efficacy
Four randomized, double-blind, placebo-controlled Phase 3 studies conducted both in CIC
patients (MCP-103-303, and LIN-MD-01) and IBS-C patients (MCP-103-302, and LIN-MD31) support the efficacy of linaclotide. Clinical evaluations are divided by indications. Dr.
Erica Wynn is the medical reviewer, Dr. Rob Fiorentino is the medical team leader and Dr.
Freda Cooner and Dr. Milton Fan are the statisticians for the indication for the treatment of
chronic idiopathic constipation (CIC). Dr. Lara Dimick is the medical reviewer and Dr. Milton
Fan is the statistician for the indication of irritable bowel syndrome with constipation (IBS-C).
Study designs for the Phase 3 studies were similar for both indications in that they included a
Screening Period to establish eligibility for study entry, a Pretreatment Period to establish
baseline values and eligibility, and a Treatment Period to assess the effects of blinded dosing of
linaclotide compared with placebo.
As both Phase 3 efficacy trials for each indication featured identical primary and secondary
efficacy parameters, evaluated based on the first 12 weeks of treatment, data from patients in
the intent-to-treat (ITT) populations for each trial were able to be combined by indication for
pooled analyses. The CIC Phase 3 Pooled ITT Population included 1271 patients from the
MCP-103-303 and LIN-MD-01 trials, and the IBS-C Phase 3 Pooled ITT Population included
1602 patients from the MCP-103-302 and LIN-MD-31 trials.
To enroll in the Phase 3 studies, patients were required to meet modified Rome II criteria
specific for either CIC or IBS-C.
Primary and secondary parameters measured for both trials in each indication are presented in
Table 1.
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Table 1. Primary and Secondary Endpoints for CIC and IBS-C Phase 3 Efficacy Trials
CIC
IBS-C
Primary Efficacy Parameters:
Primary Efficacy Parameters:
12-week CSBM Overall Responder (9/12
Week CSBM 3+1 Responder)

1.
2.
3.
4.
5.
6.
7.

Secondary Efficacy Parameters:
Change from Baseline in 12-week
CSBM Frequency Rate
Change from Baseline in 12-week SBM
Frequency Rate
Change from Baseline in 12-week Stool
Consistency
Change from Baseline in 12-week
Severity of Straining
Change from Baseline in 12-week
Abdominal Discomfort
Change from Baseline in 12-week
Bloating
Change from Baseline in 12-week
Constipation Severity

1. 9/12 Week Abdominal Pain and CSBM
(APC) 3+1 Responder
2. 9/12 Week CSBM 3+1 Responder
3. 9/12 Week Abdominal Pain Responder
4. 6/12 Week APC +1 Responder
Secondary Efficacy Parameters:
1. Change from Baseline in 12-week
CSBM Frequency Rate
2. Change from Baseline in 12-week SBM
Frequency Rate
3. Change from Baseline in 12-week Stool
Consistency
4. Change from Baseline in 12-week
Severity of Straining
5. Change from Baseline in 12-week
Abdominal Discomfort
6. Change from Baseline in 12-week
Bloating
7. Change from Baseline in 12-week
Abdominal Pain
8. 6/12 Week CSBM +1 Responder
9. 6/12 Week Abdominal Pain Responder
10. Change from Baseline in 12-week
Percent of Abdominal Pain-free Days

CSBM: complete spontaneous bowel movement
SBM spontaneous bowel movement
CSBM 3 + 1 Responder was defined as a patient who had at least 3 CSBMs per week and a minimum level of
improvement of at least 1 CSBM per week over baseline.
9/12 Week APC was a composite responder capturing a patient’s improvement in both Abdominal Pain and CSBM
Frequency in the same week for 9/12 weeks of the Treatment Period in a trial.

For CIC, the primary efficacy parameter (12-week CSBM Overall Responder) required
patients to be weekly CSBM 3+1 Responders for 9/12 weeks of the Treatment Period.
For IBS-C, the first of the 4 primary efficacy parameters (9/12 Week APC 3+1) was a
composite responder definition capturing a patient’s improvement in both Abdominal Pain
(Abdominal Pain Responder) and CSBM Frequency (CSBM 3+1 Responder) in the same week
for 9/12 weeks of the Treatment Period in a trial. The second and third primary efficacy
parameters defined the benefit on each of the above individual components. The fourth primary
parameter (6/12 Week APC +1) was a composite responder with a definition similar to the first
parameter in that it captures a patient’s improvement in both Abdominal Pain and CSBM
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Frequency; however, it requires that responders meet both criteria within the same week for
6/12 weeks rather than 9/12 weeks, and uses the weekly CSBM +1 responder definition rather
than the weekly CSBM 3+1 responder definition. This fourth parameter was based on the
interim primary efficacy parameter provided in the Agency’s March 2010 draft IBS guidance.

Efficacy in Patients with Chronic Idiopathic Constipation
In the 4-week Study MCP-103-201, 309 with CIC received either linaclotide (72, 145, 290, or
579 ug) or placebo once daily. The primary efficacy parameter was the change from baseline in
the weekly SBM Frequency Rate during the 4 weeks of the Treatment Period. The mean changes
from the Pretreatment Period in weekly SBM Frequency Rate during the Treatment Period were
higher (p ≤ 0.05) for all doses of linaclotide compared with placebo. The 290 ug dose
demonstrated efficacy similar to the 579 ug dose and had a lower incidence of diarrhea. The 145
ug dose demonstrated efficacy over placebo, and was anticipated to have a better safety profile
than the 290 ug dose in the Phase 3 trials. Therefore, both doses (i.e., 145 ug and 290 ug) were
selected for Phase 3 development.

Demographics and Baseline Characteristics
Demographics were balanced among the placebo, 145 ug and 290 ug linaclotide dose groups in
the CIC Phase 3 Pooled ITT Population and were consistent with the demographics in the two
individual Phase 3 CIC trials. The majority of patients were Caucasian (76%) and female
(89%). The mean age for all patients was 48 years. Twelve percent of patients were ≥ 65 years
of age. Black patients comprised 21% of the pooled population; 10% of patients reported
Hispanic/Latino ethnicity (Table 2).
Demographics and Baseline Characteristics were summarized in table 2 below.
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Table 2: Demographic and Baseline Characteristics (Phase 3 Pooled ITT Population)

From the sponsor’s CIC ISE
Across both trials, a total of 205 (16.1%) of 1275 patients prematurely discontinued from the
12-week treatment period. More patients on placebo (2.8%) discontinued due to insufficient
therapeutic response when compared with linaclotide (0.2 – 0.7%). More patients on
linaclotide discontinued due to Adverse Event, withdrawal of Consent and Lost to Follow-up
when compared with placebo.

Page 14 of 37

Reference ID: 3175134

14

Cross Discipline Team Leader Review

Table 3: Patient Disposition (CIC Phase 3 Pooled Randomized Population)

N = Number of patients in the CIC Phase 3 Pooled Randomized Population.
n = Number of patients within a specific category.
P-values are from pairwise comparison with placebo group using the Fisher exact test.
a. Patients who stayed on-study through visit 7 (Week 12) and then were re-randomized for entry into the RW Period
are counted as completing treatment.
b. p ≤ 0.05
Source: CIC ISE Table 1.1

Primary Efficacy Parameter Results for the CIC Phase 3 trials
The 12-week CSBM Overall Responder was the pre-specified primary parameter for both
Phase 3 CIC trials. A 12-week CSBM Overall Responder was defined as a patient who was a
Weekly CSBM Responder for at least 9 out of the 12 weeks of the Treatment Period. A patient
was considered a Weekly CSBM Responder for a Treatment Period week if the patient had a
CSBM Frequency Rate that was 3 or greater and increased by 1 or more from baseline for that
week. For a patient who discontinued early, if the last week of the Treatment Period contained
less than 4 days, the patient was not considered a CSBM Weekly Responder for that week.
Multiple comparison procedures were applied to each of the Phase 3 CIC trials individually. No
multiplicity adjustments were made for the CIC Phase 3 Pooled ITT Population analyses,
because it is an exploratory analysis. Pooled analyses will be exploratory analyses for primary
and secondary evaluations. However, pooled analysis is prespecified for subgroup analysis (age,
sex et, al.)
In each of the two Phase 3 CIC trials, there was a statistically significant difference
(controlling for multiplicity) between each dose of linaclotide and placebo for the primary
efficacy parameter.
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To assess the impact of the duplicate patients, an analysis of the primary and secondary efficacy
parameters was performed in which: 1) all data from the duplicate patients in the analyses were
excluded and 2) all data from the duplicate patients were included in the analyses. These
analyses were performed on both the individual Phase 3 efficacy trial ITT Populations and the
CIC Phase 3 Pooled ITT Population. Additionally, for both Phase 3 efficacy trials, these
sensitivity analyses were performed using the prespecified multiple comparison procedure.
These sensitivity analyses confirm the findings of the prespecified primary efficacy analysis
results for the individual trials and the CIC Phase 3 Pooled ITT Population. For the primary
efficacy parameter, the responder rates for the sensitivity analyses were all within 0.7% of the
rate based on the primary analysis method.

Special Patient Populations
Subpopulation analyses based on age, sex, race, ethnicity, and body mass index (BMI) were
also conducted using the CIC Phase 3 Pooled ITT Population database. Although there were
differences in the magnitude of effect in different subpopulations, the totality of the data from
the pooled Phase 3 trials supports the conclusion that linaclotide provides benefit for each CIC
subpopulation studied.

Summary of Efficacy Results for CIC
In each of the Phase 3 CIC trials (which featured identical designs through the 12-week
Treatment Period), the pre-specified primary efficacy parameter, 12-week CSBM Overall
Responder, was statistically significant for both the 145-ug and the 290-ug linaclotide doses
versus placebo.
Similarly, in each of the Phase 3 CIC trials, important pre-specified secondary parameters
assessing change from baseline in CSBMs, SBMs, Stool Consistency were statistically
significant for both the 145-ug and the 290-ug linaclotide doses versus placebo.
These primary and secondary efficacy results were similar between the two Phase 3 trials.
LINZESS 290mcg did not consistently offer additional clinically meaningful treatment benefit
over placebo than that observed with the LINZESS145mcg dose.
For a more detailed evaluation of efficacy, please see Dr. Wynn’s review and Dr. Cooner/Dr.
Fan’s review.

Efficacy in Patients with IBS-C
Throughout the Phase 2 and 3 studies, enrolled patients were required to meet modified Rome
II criteria for IBS-C. The modified criteria were used to recruit patients into the Phase 3 trials,
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rather than the Rome III criteria, to ensure consistency between the Phase 2 and Phase 3 study
populations. In addition, data demonstrate that there is a great deal of overlap in the
characteristics of patients who meet the Rome II criteria versus those who meet the Rome III
criteria. For details of the modified Rome II criteria, please see Dr. Dimick’s review.
Linaclotide doses of 72, 145, 290, or 579 ug daily for 12 weeks were studied in a randomized,
multicenter, double-blind, placebo-controlled, dose-range-finding, parallel-design Phase 2b
trial. Of the randomized patients, 337 (80.2%) completed the study per protocol requirements
and 419 were included in the ITT Population.
The primary efficacy parameter was the change from baseline in the weekly CSBM Frequency
Rate during Weeks 1 through 12 of the Treatment Period.
In this study, the primary efficacy parameters were improved for all doses of linaclotide
compared with placebo. The 290-ug dose showed the greatest improvement versus placebo
(table 5). Due to the lower incidence of diarrhea at the 290-ug dose compared with the 579-ug
dose, the 290-ug dose showed the most favorable risk-benefit profile and was selected for use
in the IBS-C Phase 3 trials. I concur with the sponsor that the 290ug dose is a reasonable
choice.
Table 5: Summary of Responder Parameter Results in MCP-103-202 (ITT Population)

The overall design of the two Phase 3 trials was identical through the 12-weeks of the
Treatment Period. One of the Phase 3 trials (LIN-MD-31) included a 4-week double blind
randomized withdrawal (RW) Period immediately following the Treatment Period to assess the
potential for rebound worsening of constipation or abdominal symptoms compared to baseline.
MCP-103-302 had a 26-week Treatment Period, but as prespecified in the protocol, the
primary and secondary efficacy parameters were based on the data from the first 12 weeks of
the Treatment Period.
Demographics were generally balanced in the placebo and 290 ug linaclotide dose groups in
the IBS-C Phase 3 Pooled Population, and none of the differences between the active treatment
group and the placebo group were statistically significant. These findings were consistent with
the two individual Phase 3 IBS-C trials. The majority of patients were Caucasian (77%) and
female (90%). Mean age for all patients was 44 years. Five percent of patients were ≥ 65 years
of age. Black patients comprised 19% of the pooled population; 12% of patients reported
Hispanic/Latino ethnicity which are consistent with other clinical studies in IBS-C population.
The baseline disease characteristics underlying the secondary efficacy parameters for bowel
and abdominal symptoms were similar between the two treatment groups of the Pooled ITT
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Population and were consistent with the baseline disease characteristics in the two individual
Phase 3 IBS-C trials. The baseline severity of the symptoms experienced by the patients
included a weekly mean CSBM Frequency Rate of 0.2 [median rate of 0] and mean Abdominal
Pain score of 5.6 [median score of 5.4] on the 11-point NRS and was similar between treatment
groups.

Primary Efficacy Parameter Results for the IBS-C Phase 3 trials
Table 6 presents the results of both individual phase 3 trails on the primary efficacy
parameters. The pooled analyses will be exploratory assessments for primary and secondary
endpoints.
Table 6 Overview of Phase 3 Primary Efficacy Parameter Results
Primary Efficacy
Parameters

9/12 Week APC 3 + 1
Responder
Responder n (%)

MCP-103-302
Placebo
Linaclotide
(N =
290 ug
403)
(N = 401)

20
(5.1)

49
(12.1)
2.6
(1.5, 4.5)
7.0

32
(4.0)

100
(12.4)
3.4
(2.2, 5.1)
8.4

20
(5.0)

72
(18.0)
4.2
(2.5, 7.0)
13.0

25
(6.3)

79
(19.5)
3.7
(2.3, 5.9)
13.2

45
(5.6)

151
(18.8)
3.9
(2.7, 5.5)
13.1

79
(19.6)

156
(38.9)
2.6
(1.9, 3.6)
19.3

107
(27.1)

139
(34.3)
1.4
(1.0, 1.9)
7.2

186
(23.3)

295
(36.6)
1.9
(1.5, 2.4)
13.3

56
(13.9)

135
(33.7)
3.2
(2.2, 4.5)
19.8

83
(21.0)

136
(33.6)
1.9
(1.4, 2.7)
12.6

139
(17.4)

271
(33.7)
2.4
(1.9, 3.1)
16.2

Odds Ratio (95% CI)
Difference in Responder
Rate (%)
6/12 Week APC +1
Responder
Responder n (%)
Odds Ratio (95% CI)
Difference in Responder
Rate (%)
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Linaclotide
290 ug
(N = 806)

51
(12.7)
4.7
(2.4, 8.8)
9.7

Odds Ratio (95% CI)
Difference in Responder
Rate (%)
9/12 Week Abdominal
Pain Responder
Responder n (%)

Combined
Placebo
(N=798)

12
(3.0)

Odds Ratio (95% CI)
Difference in Responder Rate
(%)
9/12 Week CSBM 3 + 1
Responder
Responder n (%)

LIN-MD-31
Placebo
Linaclotide
(N=395)
290 ug
(N = 405)

19
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In each of the two Phase 3 IBS-C trials, there was a statistically significant difference
(controlling for multiplicity) between linaclotide and placebo for each the four primary
efficacy parameters.

Secondary Efficacy Parameter Results for the IBS-C Phase 3
Table 7 summarized secondary efficacy parameter results (IBS-C Phase 3 ITT population.

Table 7: Summary of Secondary Efficacy Parameter Results (ITT Population)
Mean Change from Baseline
12 week Parameter
Mean
Baseline
Placebo (N=797)
Linaclotide 290ug
(N=805)
CSBMs/Week (SE)
0.2
0.7 (0.1)
2.2 (0.1)
SBMs/Week (SE)
1.8
1.2 (0.1)
3.9 (0.1)
Stool Consistency
2.3
0.6 (0.0)
2.0 (0.0)
(BSFS Score) (SE)
Abdominal Pain at its
5.6
-1.1 (0.1)
-1.8 (0.1)
Worst (11-point NRS) (SE)
6/12 Week CSBM + 1
208 (26.1)
388 (48.2)
Responder n (%)
6/12 Week Abdominal Pain
287 (36.0)
399 (49.6)
Responder n (%)
Those key secondary assessments are all statistically significant and support primary efficacy
conclusion linaclotide is effective on both bowel moment and abdominal pain.
The sponsor also provided data on other symptoms related to IBS-C including abdominal
discomfort, bloating, and straining. Currently we do not have validated tools/instruments to
adequately evaluate those patient-report-outcomes and we do not know how to adequately
(b) (4)
interpret those results.
Duplicate Patients
Previous participation in a linaclotide clinical study was an exclusion criterion for enrollment
into a Phase 3 efficacy trial with linaclotide. Throughout the linaclotide Phase 3 clinical
development program there were 25 patients who violated this criterion. These patients
enrolled in multiple studies and are referred to as “duplicate patients” in this report.
To assess the impact of the duplicate patients, an analysis of the primary and secondary
efficacy parameters was performed in which: 1) all data from the duplicate patients in the
analyses were excluded and 2) all data from the duplicate patients were included in the
analyses. These analyses were performed on both the individual Phase 3 efficacy trial ITT
Populations and the IBS-C Phase 3 Pooled ITT Population. Additionally, for both Phase 3
efficacy trials, these sensitivity analyses were performed using the prespecified multiple
comparison procedure.
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These sensitivity analyses confirm the findings of the prespecified primary efficacy analysis
results for the individual trials and the IBS-C Phase 3 Pooled ITT Population. Across the 4
primary efficacy parameters, the responder rates for the sensitivity analyses were all within
0.6% of the rate based on the primary analysis method.
Comparison of Efficacy by Age
The age < 65 and age ≥ 65 years subpopulations included 1517 and 85 patients, respectively.
For the four Phase 3 primary efficacy parameters, the odds ratios show that improvements were
observed for linaclotide in patients < 65 and those ≥ 65 years. Although the responder rates in
patients ≥ 65 for the primary efficacy parameters, as well as for the secondary responder
efficacy parameters, were similar to, or even higher than, the corresponding responder rates in
the younger patients, the placebo rates in the older group were notably higher resulting in a
slightly lower difference from placebo in patients ≥ 65 compared to patients < 65.
The totality of the data supports the conclusion that linaclotide provides benefits to both age
subpopulations.
Comparison of Efficacy by Sex
The female and male subpopulations included 1443 and 159 patients, respectively. For the four
Phase 3 primary efficacy parameters, the odds ratios show that improvements were observed
for linaclotide in the male and female subpopulations.
All the other drugs approved for IBS in recent years have been approved for women only.
Lotronex (alosetron) and Tegaserod (Zelnorm) were limited to use in women secondary to
safety concerns and the desire to limit exposure to those most likely to benefit. Lubiprostone
(Amitiza) was approved for use in women only because the p-value of the primary endpoint
did not reach statistical significance. According to Dr. Helen Sile’s review, the gender analysis
of Lubiprostone illustrates a 6.2% increase in overall responder rate above placebo group in
female subjects and a 7.5% increase in overall responder rate above placebo group in male
subjects. Despite the male subjects demonstrating a greater response rate than the female
subjects, the difference is not statistically significant. The lack of significance could be due to
the small sample size.
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Figure 1: Phase 3 Primary Efficacy Parameters by Sex (Phase 3 Pooled ITT Population)

Linaclotide shows efficacy in the male population with trends towards efficacy in each of the
four primary endpoints and reaches statistical significance in the 9/12 week combined endpoint
and the 9/12 week CSBM 3+1 endpoint (See figure 1). While about 10% of the population was
male, this is consistent with the incidence of IBS in the general population in the US and other
clinical trials in patients with IBS. Therefore, I concur with Dr. Dimick’s recommendation that
linaclotide be approved for both women and men for the indication of IBS-C.

Summary of Efficacy Results for IBS-C
Irritable bowel syndrome with constipation is a complex, multi-dimensional, functional bowel
disorder by the hallmark symptoms of abdominal pain or discomfort associated with
constipation.
Linaclotide demonstrated statistical significance compared with placebo for all 4 prespecified
primary efficacy parameters (controlling for multiplicity) in each of the Phase 3 IBS-C trials.
Linaclotide demonstrated statistical significance versus placebo on key prespecified secondary
parameters assessing change from baseline in CSBMs, SBMs, Stool Consistency, and
Abdominal Pain.
These results for the primary and secondary efficacy parameters were similar across the two
Phase 3 trials and the corresponding IBS-C Phase 3 pooled analyses.
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The female and male subpopulations included 1443 and 159 patients, respectively. Linaclotide
does show efficacy in the male population with trends towards efficacy in each of the four
primary endpoints and reaches statistical significance in the 9/12 week combined endpoint and
the 9/12 week CSBM 3+1 endpoint. While about 10% of the population was male this is
consistent with the incidence of IBS in the general population in the US and other clinical trials
in patients with IBS. Please see Dr. Dimick’s clinical review for detail.

8. Safety
A total of 1627 CIC and 2753 IBS-C patients were exposed to linaclotide across the 10 Phase 2
and 3 studies in the linaclotide program; 909 CIC and 1492 IBS-C patients were exposed for at
least 6 months, and 745 CIC and 416 IBS-C patients were exposed for at least 1 year (as of the
October 11, 2010 cutoff date). Total exposure of CIC patients to linaclotide was 1331 patientyears and total exposure of IBS-C patients to linaclotide was 1507 patient-years. Across all 10
studies, a total of 4370 patients received at least 1 dose of linaclotide. Greater than 90% of all
CIC and IBS-C patients received daily doses of 145 or 290 ug linaclotide. In addition, 75
healthy volunteers also received at least 1 dose of linaclotide.
The patient demographics in the CIC and IBS-C trials were similar between placebo and
linaclotide patients. The mean age across treatment groups was about 46 years, about 89%
were female, about 76% were Caucasian, and about 89% were non-Hispanic. Almost a third of
all patients were obese, with a body mass index (BMI) ≥ 30 kg/m2.

TREATMENT-EMERGENT ADVERSE EVENTS
TEAE data are analyzed separately for the CIC and IBS-C patients, and are also combined
across indications.
Phase 3 Double-blind Placebo-Controlled Trials: Pooled CIC Patients
The TEAEs that occurred in at least 2% of linaclotide patients in either treatment group and at
an incidence greater than that of placebo patients are presented in Table 8 below.
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Table 8. Treatment-Emergent Adverse Events Reported in ≥ 2% of Linaclotide CIC
Patients in Either Treatment Group of the Phase 3 Placebo-Controlled Trials and at an
Incidence Greater Than Placebo—Safety Population

Approximately 50-60% of all patients experienced at least one TEAE. Diarrhea was the most
common TEAE, occurring in 15.1% of linaclotide-treated patients and 4.7% of placebo
patients. TEAE rates were similar between the 145 and 290 ug linaclotide dose groups. The
TEAEs that were experienced by at least 2% of linaclotide-total CIC patients and at an
incidence at least 1 percentage point more than placebo patients were diarrhea (15.1% vs
4.7%), abdominal pain (4.3% vs 3.1%), and abdominal distension (3.5% vs 2.4%).
For TEAEs that occurred in < 2% of linaclotide patients and at an incidence greater than
placebo, the difference between linaclotide and placebo was < 1 percentage point for all AEs
except: fecal incontinence (145 ug, 1.4% vs 0.2%), dyspepsia (145 ug, 1.9% vs 0.7%), viral
gastroenteritis (145 ug, 1.9% vs 0.5%), and abnormal gastrointestinal sounds (290 ug, 1.2% vs
0%).
Among linaclotide patients the incidence of diarrhea decreased from 12.0% in the first 4 weeks
to 4.1% between treatment weeks 4 to 12 and < 1% after Week 12.
Most of the TEAEs were reported as mild or moderate. Overall, 6.0% of linaclotide 145 ug
patients and 7.3% of linaclotide 290 ug patients experienced severe TEAEs compared with
5.7% of placebo patients. Only diarrhea was reported as severe in greater than 1% of
linaclotide patients (1.6% in the 145ug group; 1.9% in the 290 ug group and 0.2% in the
placebo group). Of the 129 linaclotide patients who experienced TEAEs of diarrhea, 15
(11.6%) had events that were reported as severe.
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Pooled IBS-C Patients
The TEAEs that occurred in at least 2% of linaclotide patients and at an incidence greater than
that of placebo are presented in Table 9 below. With the exception of headache, all are in the
GI disorders and were experienced by linaclotide IBS-C patients at an incidence at least 1
percentage point more than placebo patients. Diarrhea was the most common TEAE
experienced by linaclotide patients (19.8% vs 3.0% of placebo patients).
Table 9. Treatment-Emergent Adverse Events Reported in ≥ 2% of Linaclotide IBS-C
Patients in the Phase 3 Placebo-Controlled Trials and at an Incidence Greater Than
Placebo —Safety Population

TEAEs, for linaclotide, tended to occur at greater frequency in the first 4 weeks.
Overall, 7.1% of linaclotide patients experienced severe TEAEs compared with 3.4% of
placebo patients. Diarrhea was reported as severe in greater than 1% of linaclotide patients. Of
the 160 linaclotide patients who experienced TEAEs of diarrhea, 16 (10%) had events that
were reported as severe, which represent 2.0% of the total population of IBS-C patients
exposed to linaclotide (0.1% for the placebo group).

Phase 3 Open-Label Long-Term Safety Studies
The incidence of TEAEs in the Phase 3 open-label LTS studies are presented in Table 10
(combined CIC and IBS-C patients). The most frequently reported TEAEs were in the GI
disorders and infections. Although the incidences of specific AEs differed somewhat between
the 2 indications (CIC and IBS-C), possibly due to differences in exposure time to linaclotide,
the types of AEs were in general similar. The most frequently reported TEAE was diarrhea
(31.4% of CIC and 30.4% of IBS-C patients in the open-label studies).
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Table 10. Treatment-Emergent Adverse Events Reported in ≥ 5% of all CC or IBS-C
Patients in the Phase 3 Open-Label Long-Term Safety Studies — Safety Population

The most frequently reported TEAE, diarrhea, was reported as severe in 3.4% of CIC patients
and 3.0% of IBS-C patients.

DEATHS
In total, 7 SAEs with fatal outcome were reported in the linaclotide clinical program. Six of the
deaths occurred among patients who took at least one dose of linaclotide. One patient
(0153115) died during the screening period prior to randomization, and did not receive any
investigational product. Two patients (0090105 and 292004) died more than 30 days after the
last dose of linaclotide. Two patients died in Phase 3 trials: one died from pancreatic carcinoma
more than 30 days after the last dose of linaclotide and another patient died from Fentanyl
toxicity. None of the deaths was judged to be related to treatment.
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As of 11-Oct-2010 cutoff date, 2277 (70%) of the 3270 Group 3 patients had taken the 290 ug
dose without having had a dose reduction or temporary dose suspension. Of the patients who
had a dose adjustment, 23% had a dose reduction from 290 ug to 145 ug, and 3% had
temporary dose suspension without a dose reduction; other patterns accounted for
approximately 4% of the dose adjustments.
Table 12. Dose Adjustment Patterns for Patients in the Open-Label Long-Term Safety
Studies Safety Population

In summary, the data from the LTS studies indicate that majority of patients (70%) tolerated
290ug dose. Decreasing the dose of linaclotide from 290 to 145 ug may have played a role in
allowing the majority of patients (CIC and IBS-C) to remain on treatment until study
completion.
Diarrhea Incidence and Severity
As mentioned above, diarrhea was the most frequently reported TEAE among CIC and IBS-C
linaclotide-treated patients, and was the TEAE associated with the highest incidence of
withdrawal. In the CIC population, 69 (16.0%) patients in the linaclotide 145 ug/day group and
60 (14.2%) patients in the linaclotide 290 ug/day group experienced at least 1 episode of
diarrhea vs 20 (4.7%) placebo patients. None of the TEAEs of diarrhea were reported as SAEs,
although diarrhea was reported in one patient along with the TEAEs of dehydration and
orthostatic hypotension that were reported as serious. A total of 15 (1.8%) CIC linaclotide
patients had diarrhea TEAEs that were reported as severe vs 1 (0.2%) placebo patient. A total
of 36 (4.2%) linaclotide patients discontinued from the Phase 3 placebo-controlled trials
because of a TEAE of diarrhea versus 2 (0.5%) placebo patients. There were no clinically
relevant differences in the incidence of diarrhea TEAEs, severe diarrhea TEAEs, or
discontinuation due to diarrhea between the 2 linaclotide dose groups.
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Table 13. Summary of Treatment-Emergent Adverse Events of Diarrhea in CIC Patients
in the Phase 3 Placebo-Controlled Trials —Safety Population

Similar results were obtained in the IBS-C patient population. These data are summarized in
Table 20. A total of 160 (19.8%) linaclotide patients experienced at least 1 episode of diarrhea
vs 24 (3.0%) placebo patients. None of the TEAEs of diarrhea were reported as SAEs. A total
of 16 (2.0%) linaclotide patients had diarrhea TEAEs that were reported as severe vs 1 (0.1%)
placebo patient. A total of 43 (5.3%) linaclotide patients discontinued from the Phase 3
placebo-controlled trials because of a TEAE of diarrhea versus 3 (0.4%) placebo patients.
Table 14. Summary of Treatment-Emergent Adverse Events of Diarrhea in IBS-C
Patients in the Phase 3 Placebo-Controlled Trials —Safety Population
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Of the 129 CIC linaclotide patients who had TEAEs of diarrhea, 68 (52.7%) experienced their
first episode in the first week of treatment. Similar results were obtained in the IBS-C patients.
The time (mean ± SD) from the first dose of double-blind treatment to the first TEAE of
diarrhea was 20.7 ± 31.7 days (median = 7.5) for the linaclotide patients compared with 43.5 ±
40.4 days (median = 22) for the placebo patients. Of the 160 IBS-C linaclotide patients who
had TEAEs of diarrhea, 80 (50.0%) experienced their first episode in the first week of
treatment.
Duration of diarrhea did not appear to be dose-related. In 58 (45.0%) of the 129 linaclotide
CIC patients who reported diarrhea (vs 15 [75%] placebo patients), and in 49 (30.6%) of the
160 linaclotide IBS-C patients who reported diarrhea (vs 13 [54.2%] placebo patients), the
events resolved within 7 days in patients who continued to take double-blind treatment.
Severe diarrhea can cause intravascular volume depletion. Since diarrhea is the most common
adverse event in patients treated with linaclotide, it was thought important to assess whether
excessive fluid loss via the GI tract might be occurring in patients, with likely manifestations
being AEs of dehydration, dizziness, and orthostatic hypotension. Therefore, special attention
was paid in the assessment of these adverse events.
In the Phase 3 placebo-controlled CIC trials, dehydration was reported by no patients on
placebo, by 2 (0.5%) patients on linaclotide 145 ug, and by 4 (0.9%) patients on linaclotide 290
ug. In the patients with dehydration, diarrhea was reported as a TEAE in 1 of the 2 patients
receiving linaclotide 145 ug and in 3 of the 4 patients receiving linaclotide 290 ug.
Two patients (830102 and 1190106) receiving linaclotide 290 ug discontinued from the study
because of the dehydration; both had concurrent diarrhea reported as TEAEs. A third patient
(0570150) receiving linaclotide 290 ug had the SAEs dehydration and orthostatic hypotension;
this patient was a 34-year-old woman who presented with nausea, vomiting, hypoglycemia,
dizziness, orthostatic hypotension, and dehydration. The patient reported only a single episode
of diarrhea that was not severe, and that occurred earlier on the day of her visit to the health
center for the above symptoms. The patient later resumed linaclotide treatment without
recurrence of the symptoms. One patient (290102) receiving linaclotide 145 ug withdrew from
the study because of the diarrhea and had concurrent dehydration reported as a TEAE. One
(patient 473003; linaclotide 290 ug) of the 2 CIC patients with dehydration and no diarrhea had
the SAE, cerebrovascular accident, which was associated with the concurrent AE, azotemia.
The other patient (153008; linaclotide 145 ug) had dehydration that lasted for one day and
reported no other AEs.
In the Phase 3 placebo-controlled IBS-C trials, dehydration was reported by 2 (0.3%) patients
on placebo and by 2 (0.2%) patients on linaclotide 290 ug. In the patients with dehydration,
diarrhea was reported as a TEAE in neither of the 2 patients receiving placebo and by 1 of the
2 patients receiving linaclotide 290 ug. In the patient (192007) with diarrhea and dehydration,
the diarrhea antedated the dehydration (which lasted 2 days) by 4 months.
In the CIC population, dizziness was reported by 2 (0.5%) patients on placebo, by 4 (0.9%)
patients on linaclotide 145 ug, and by 6 (1.4%) patients on linaclotide 290 ug. In the patients
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with dizziness, diarrhea was reported as a TEAE in 0 of the 2 patients receiving placebo, by 0
of 4 patients receiving linaclotide 145 ug, and by 3 of the 6 patients receiving linaclotide 290
ug. Two of the 3 patients with dizziness and diarrhea also reported dehydration as a TEAE.
The third patient (1093010) reported dizziness concurrently with diarrhea, nausea, and
vomiting, each of which resolved within 5 days; this patient also reported dizziness that was
not associated with diarrhea.
In the Phase 3 placebo-controlled IBS-C trials, dizziness was reported by 10 (1.3%) patients on
placebo and by 10 (1.2%) patients on linaclotide 290 ug. In the patients with dizziness,
diarrhea was reported as a TEAE in 1 of the 10 patients receiving placebo and by 3 of the 10
patients receiving linaclotide 290 ug. One patient (632051) withdrew from a study because of
dizziness that occurred concurrently with diarrhea.
In the Phase 3 placebo-controlled CIC trials, orthostatic hypotension occurred in no patients on
placebo, in 1 (0.2%) patient on linaclotide 145 ug, and in 2 (0.5%) patients on linaclotide 290
ug. In the patients with orthostatic hypotension, diarrhea was not reported as a TEAE in the
patient receiving linaclotide 145 ug but was reported in 1 of the 2 patients receiving linaclotide
290 ug. The patient (140103) on the 145 ug dose without diarrhea reported bronchitis as an
SAE, which occurred concurrently with the orthostatic hypotension, cough, and fluid intake
reduced. The patient (0570150) on the 290 ug dose with diarrhea reported dehydration and
orthostatic hypotension as SAEs and was discussed above (see Dehydration). The patient
(600103) on the 290 ug dose without diarrhea reported orthostatic hypotension that lasted for 9
days and did not occur in association with any other TEAE.
In the Phase 3 placebo-controlled IBS-C trials, orthostatic hypotension was not reported as an
AE.
In summary, dehydration occurred in less than 0.5% of all patients treated with linaclotide
during the Phase 3 clinical trials, and when it occurred, it occurred primarily in patients with
diarrhea and at rates that were low (less than 4% of all patients with diarrhea). Dizziness
occurred in less than 1.5% of patient treated with placebo or linaclotide; most patients with
dizziness did not experience diarrhea, and less than 4% of all patients with diarrhea
experienced dizziness. Orthostatic hypotension occurred very uncommonly during the Phase 3
clinical trials; in two of the three cases where it clearly occurred, there was an alternative
explanation (eg, nausea, vomiting, reduced fluid intake) for its occurrence.

SAFETY AND TOLERABILITY SUMMARY AND CONCLUSIONS
Overall, the information presented in this NDA indicates that linaclotide is a safe and tolerated
drug for CIC and IBS-C in adult when given at the daily doses of 145 or 290 ug.
The linaclotide clinical program included 4370 patients and 75 healthy subjects who received
at least 1 dose of linaclotide; doses ranged from 27 to 2897 ug. The 145 ug/day and 290 ug/day
doses were studied in the Phase 3 linaclotide program and are the proposed therapeutic doses.
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A total of 2401 patients (909 CIC and 1492 IBS-C) were treated with linaclotide for at least 6
months; 1161 patients (745 CIC and 416 IBS-C) were treated with linaclotide for at least 1
year.
The Phase 3 placebo-controlled trials included 1275 CIC patients and 1605 IBS-C patients.
There were 299 (10.4%) male patients, 572 (19.9%) Black patients, and 240 (8.3%) patients
over the age of 65. Data from Phase 3 placebo-controlled studies in CIC do not indicate any
significant difference in tolerability between the 145 and 290 ug dose groups.
Diarrhea was the most common TEAE in CIC and IBS-C patients, consistent with linaclotide’s
pharmacology, and was clearly related to linaclotide. In Phase 3 placebo-controlled trials, the
incidences of diarrhea in CIC patients were 16.0%, 14.2%, and 4.7% for linaclotide 145 ug,
linaclotide 290 ug, and placebo, respectively; the incidences of diarrhea in IBS-C patients were
19.8% and 3.0% for linaclotide 290 ug and placebo, respectively. For the pooled indications,
diarrhea rates were 16.0%, 17.9%, and 3.6% for linaclotide 145 ug, linaclotide 290 ug, and
placebo, respectively. Diarrhea was generally mild to moderate in severity in CIC and IBS-C
patients and experienced within the first week of treatment. Approximately 45% of CIC
patients and 31% of IBS-C patients in the Phase 3 placebo-controlled trials who experienced
diarrhea had resolution within 1 week, while continuing treatment with linaclotide.
There were a total of 7 deaths (6 patients on linaclotide and 1 patient prior to randomization
into a study). None of the deaths was judged to be related to linaclotide.
In the placebo-controlled Phase 3 trials, SAEs were infrequent, and balanced across treatment
arms within each indication. An analysis of the SAEs across the entire clinical development
program revealed no pattern to suggest that linaclotide causes any specific serious condition.
The incidence of discontinuation was higher in linaclotide patients than in placebo patients.
This difference was mainly due to diarrhea: 4.2% vs 0.5% in CIC patients and 5.3% vs 0.4% in
IBS-C patients. Discontinuation of abdominal pain was 1.2% in linaclotide IBS-C patients vs
0% in placebo IBS-C patients, and 1.1% in linaclotide CIC patients (1.2% at 145 ug and 0.9%
at 290 ug) vs 0.7% in placebo CIC patients.

9. Advisory Committee Meeting
No AC meeting was held, because there were no significant safety or efficacy issues including
clinical trial design issues that required advisory committee input.

10.

Pediatrics

A partial waiver is being requested for pediatric patients younger than 6 years of age for IBSC and for pediatric patients younger than 6 months of age for CIC. The justification is that
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I concur with Dr. Wynn’s risk-benefit assessment that benefits outweigh potential risk for
patients with CIC.

IBS-C
There is a significant unmet medical need for patients with IBS-C because it affects a large
population, about 2% of the US population, with significant symptoms. It is a public health
concern secondary to the significant loss in productivity, and the serious, disabling symptoms
in a small subset of patients. There is only one approved agent on the market (lubiprostone),
and it is approved to use in women only.
Linaclotide showed clinical benefit in decreasing abdominal pain and improving stool
frequency in patients with IBS-C. Two well designed, large placebo-controlled trials provided
evidence of efficacy of the 290µg dose over placebo.
The safety profile of linaclotide is generally favorable, with adverse events (AEs) occurring
primarily in the gastrointestinal tract. Diarrhea is the most common AE, occurring in
approximately 17% of treated patients in the placebo-controlled trials, and in about 30% of
patients in the long-term trials. There is not a clear dose response for diarrhea AEs in the two
doses tested in the CIC controlled trials. Serious GI AEs were rare. Severe diarrhea occurred in
2 to 3% of patients. Diarrhea and other GI AEs generally occurred in the first few weeks of
treatment. There were no other safety signals identified, though an evaluation for ischemic
colitis, and other GI events were performed.
I concur with Dr. Dimick’s risk-benefit assessment that benefits outweigh potential risk for
IBS-C population. The risk-benefit balance is in favor of approval of linaclotide for the IBS-C
indication.
Post-marketing surveillance should monitor for events of serious diarrhea, dehydration and
hypotension.
•

Recommendation for Postmarketing Risk Evaluation and Management Strategies
Includes restricted distribution, components of REMS

Post-marketing surveillance should monitor for events of serious diarrhea, dehydration,
hypotension and ischemic colitis.
•

Recommendation for other Postmarketing Requirements and Commitments

I concur with Dr. Ng and Dr Joseph that the Sponsor should conduct, as a PMR (postmarketing
requirement), nonclinical studies to elucidate the mechanism(s) of linaclotide lethality in
neonatal/juvenile mice. The Sponsor should submit their proposed study protocols to obtain the
Agency’s concurrence before initiating the studies.
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I also concur with Dr. Sue Chih Lee and the Clin Pharm team’s recommendation that as a PMR,
the sponsor should conduct a suitable milk-only lactation study to assess concentrations of
linaclotide and its active metabolite in the milk of healthy, lactating but non-nursing female
volunteers, using a validated assay in order to appropriately inform the nursing mothers’
subsection of the labeling. According to Dr. Lee, the potential for drug transfer into maternal
milk appears to be low as drug lacks typical characteristics of a molecule that is likely to undergo
uptake into maternal milk. However, considering that the consequence of drug dosing in
neonatal mice was mortality and that the mechanisms behind this observation are currently not
understood, it is important to conclusively establish maternal milk exposure potential for
linaclotide and its active metabolite via the conduct of a milk-only lactation (PK) study.
Under PREA, the sponsor will conduct studies to evaluate efficacy and safety of the product in
pediatric population for both IBS-C and CIC.
A safety and efficacy study in pediatric patients with chronic idiopathic constipation ages 7
months to 17 years.
A safety and efficacy study in pediatric patients with irritable bowel syndrome with
constipation ages 7 years to 17 years.
Those studies should not be initiated prior to completion and FDA review of the non-clinical
study in neonatal/ juvenile mice described above.
•

Recommended Comments to Applicant

None.
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