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INTRODUCTION: Immediate-release (IR) formulation of linaclotide 290 mg improves abdominal pain and constipation

(APC) in patients with irritable bowel syndrome (IBS) with constipation. Delayed-release (DR)

formulations were developed on the premise that targeting the ileum (delayed-release formulation 1

[DR1]) or ileocecal junction and cecum (MD-7246, formerly DR2) would modulate linaclotide’s

secretory effects while preserving pain relief effects.

METHODS: This phase 2b study randomized patients with IBS with constipation to placebo or 1 of 7 once-daily

linaclotide doses (DR1 30, 100, or 300mg;MD-724630, 100, or 300mg; or IR 290mg) for 12weeks.

Key efficacy endpoints were change from baseline in abdominal pain and complete spontaneous bowel

movement frequency, and 6/12-week combined APC11 responder rate.

RESULTS: Overall, 532 patients were randomized; mean age was 45.1 years, and most were women (83.3%) and

White (64.7%). All linaclotideDR1andMD-7246groups experiencedgreater improvements in abdominal

pain frombaselineand vsplacebo throughout treatment. LinaclotideDR1and IR led tonumerically greater

improvements from baseline in complete spontaneous bowel movement frequency and higher APC11

responder rates compared with placebo; MD-7246 results were similar to placebo. Diarrhea was the most

common adverse event with DR1 and IR; rates were similar between MD-7246 and placebo.

DISCUSSION: Altering the site of drug delivery in the intestine might uncouple linaclotide’s pain relief from secretory

effects. Persistent, modest abdominal pain improvement with limited impact on bowel symptom

parameters, as seen acrossMD-7246doses, warrants further study ofMD-7246as anovel treatment for

abdominal pain, regardless of IBS subtype.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/B699, http://links.lww.com/AJG/B700, http://links.lww.com/AJG/B701, and http://

links.lww.com/AJG/B702
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INTRODUCTION
Irritable bowel syndrome (IBS) is a functional gastrointestinal
(GI) disorder characterized by recurrent abdominal pain associ-
ated with altered bowel habits (1,2). IBS affects approximately
11% of adults globally (3) and significantly reduces quality of life
and work productivity (4,5). Although the predominant bowel
habit varies from constipation to diarrhea, abdominal pain is the
unifying and most bothersome symptom across IBS subtypes
(1,6,7). Numerous therapies are used to treat IBS, but few provide
relief of both abnormal bowel habits and abdominal pain (8).

Linaclotide is a guanylate cyclase (GC)-C agonist currently
approved as an immediate-release (IR) formulation for IBS with
constipation (IBS-C) and chronic idiopathic constipation (9).
Linaclotide acts locally within the GI tract, enhancing secretion
and resulting in increased luminal water content and accelerated
bowel transit (10–13). Preclinical evidence suggests that linaclo-
tide inhibits the activity of pain-sensing nerves by increasing
extracellular cyclic guanosine monophosphate released through
the basolateral membrane of intestinal epithelial cells (14–17). In
phase 3 trials, linaclotide IR 290 mg has demonstrated efficacy in
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treating both the constipation and abdominal pain symptoms
associated with IBS-C (18,19) with a favorable safety profile (20).

Visceral hypersensitivity is recognized as a central mechanism
for abdominal pain in IBS (21). The hypersensitivity typical of IBS
is likely complex and might be present throughout the GI tract;
however, colonic sensory afferents appear key to the development
and persistence of IBS-related abdominal pain (22,23).

Two delayed-release (DR) formulations of linaclotide are
under development to target more distal regions of the GI tract,
possibly leading to differential effects on abdominal pain and
bowel function. Delayed-release formulation (DR) 1 was
designed to release linaclotide in the ileum to enhance pain relief
and preserve the drug’s secretory effects, whereas DR2 (hereafter
calledMD-7246) was designed to release linaclotidemore distally
in the ileocecal junction and cecum, to relieve pain originating in
the colon and minimize secretory effects in the small bowel (24).
The objective of this study was to evaluate the safety, efficacy, and
dose response of these 2 DR formulations when administered
orally to patients with IBS-C.

METHODS

Study design

A 12-week, randomized, double-blind, double-dummy, placebo-
controlled, parallel-group phase 2b clinical trial was conducted at
71 study centers in the United States between October 2015 and
September 2016. Patients discontinued prohibited medications
for$14 days (24 hours for laxatives) during the screening period.
Eligible patients entered the pretreatment period and provided
daily and weekly symptom assessments with an electronic diary
(eDiary). Eligible patients were randomized to placebo or 1 of 7
once-daily linaclotide doses (DR1 30, 100, and 300 mg; MD-7246
30, 100, and 300mg; or IR 290mg [positive control]) for 12 weeks.
Table 1 (see Supplementary Digital Content 1, http://links.lww.
com/AJG/B699) reports randomization details. Study visits oc-
curred every 4 weeks (Figure 1).

The trial was designed, conducted, and reported in compliance
with ethical principles set forth by the Declaration of Helsinki and
Good Clinical Practice guidelines. The research protocol was ap-
proved by an institutional review board at each study site, and the
trial was registered with ClinicalTrials.gov (NCT02559206).

Patients

Inclusion criteria were as follows: patients aged 18 years or older
andwhomet the Rome III criteria for IBS-C (6); patients who had
hard/lumpy stools with $25% of bowel movements (BMs) and
loose (mushy)/watery stools with ,25% of BMs without antidi-
arrheal medications or laxatives, and experienced ,3 BMs per
week for the $12 weeks during which the IBS-C diagnosis was
established; and patients who had average worst abdominal pain
$3.0 (11-point scale; 0 5 none, 10 5 worst possible), #10
spontaneous BMs (SBMs; BMs occurring without laxative, sup-
pository, or enema use), and#6 complete SBMs (CSBMs; SBMs
associated with a sensation of complete evacuation) during the 14
days before treatment.

Patients were excluded if they reported loose/watery stools
without laxatives for .25% of BMs in the 12 weeks before
screening; had a Bristol Stool Form Scale score of 7 with any SBM
during the 14 days before randomization; and used rescue therapy
on the day before or day of randomization. Other key exclusion
criteria were structural alterations or conditions that could

impact GI motility and a history of chronic conditions that could
be associated with abdominal pain, discomfort, or constipation.

Efficacy assessments and endpoints

Patients recorded the number of BMs and severity of abdominal
pain, bloating, and discomfort (11-point scales; 0 5 none, 10 5
worst possible) daily using eDiary. For eachBM, stool consistency
(7-point Bristol Stool Form Scale), sensation of complete evacu-
ation (yes/no), and use of rescue therapy were recorded.
Key efficacy endpoints.Keyefficacy endpointswereweekly change
frombaseline (CFB) in abdominal pain (primary endpoint),weekly
CFB in CSBM frequency, and a combined abdominal pain and
constipation (APC) response. Weekly abdominal pain scores were
calculated by averaging daily scores during each week. Weekly
CSBM frequency was the total number of CSBMs each week. A
patient was an APC11 responder if they met the following weekly
criteria for$6 of 12weeks of treatment: (i) a reduction of$30% in
the average abdominal pain score compared with the baseline av-
erage; and (ii) an increase frombaseline of$1 in the CSBMweekly
rate for that week (18,19). A patient was an APC11 sustained
responder if they met the responder definition and were a weekly
responder for$2 of the last 4 weeks of treatment.
Additional efficacy endpoints. Additional endpoints included
12-weekCFB in abdominal discomfort and bloating, and abdominal
pain and adequate relief responder rates. The 12-week CFB
values were defined as the average of nonmissing values over
the treatment period minus the baseline value. A patient was a
6/12-week abdominal pain responder if they met the weekly
abdominal pain responder criteria for $6 weeks of the 12-week
treatment period; the more stringent 9/12-week abdominal pain
responderdefinition required$9weeks.Table2 (see Supplementary
Digital Content 2, http://links.lww.com/AJG/B700) reports addi-
tional endpoints.

Safety assessments

Adverse events (AEs) and serious AEs (SAEs) were documented
at each study visit. The investigator at each study site assessed
the severity and causal relationship of AEs to study drug.
Physical examinations, vital sign measurements, and standard
clinical laboratory tests were also performed.

Statistical analysis

The sample size was determined based on the results of the pre-
vious linaclotide IR study (18,19), assuming higher doses of each
DR formulation would show CFB in abdominal pain similar to
historical values for linaclotide IR and lower doses would show
CFB approximately 50%of previous treatment differences. Under
these assumptions, 65 patients per treatment group (520 total
patients) would have 81% power based on a 2-sided linear trend
test within each formulation at a type I error of 0.05.

Efficacy analyses were based on an intent-to-treat population
(i.e., randomized patients who received $1 dose of study drug).
No adjustments were made for multiplicity. Nominal P values for
pairwise comparisons are provided for descriptive purposes only.
For key efficacy endpoints, weekly least-squares (LS) mean CFB
values are graphed. Overall treatment effects were evaluated using
a mixed model repeated measures framework, with fixed effects
for the baseline value of the specified measure, week, treatment
group, geographic region, and week-by-treatment group. The
overall dose response within each DR formulation was assessed
with an overall trend test (i.e., linear contrast). Responder rates
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were compared between treatment groups using the Cochran-
Mantel-Haenszel test, controlling for geographic region; dose
response was assessed with Cochran-Mantel-Haenszel correla-
tion statistics. Additional 12-week CFB endpoints were evaluated
over the entire treatment period using an analysis of covariance
model with fixed effects for treatment group, geographic region,
and baseline value of the specific measure. Pairwise comparisons
between each linaclotide dose and placebo were performed for all
analyses.

RESULTS
Patient disposition, demographics, and baseline characteristics

Of 989 patients screened, 532 were randomized and received$1
dose of study drug (intent-to-treat population), and 448 (84.2%)
completed the 12-week treatment period (see Figure 1,
Supplementary Digital Content 3, http://links.lww.com/AJG/
B701). The mean age was 45.1 years, and mean body mass index
was 30.0 kg/m2. Patients were mostly women (83.3%) andWhite
(64.7%). Treatment groups were generally balanced about de-
mographics and baseline clinical characteristics (Table 1).

Key efficacy endpoints

CFB inabdominal pain.All linaclotideDR1andMD-7246groups
experienced improvements from baseline in abdominal pain
throughout the treatment period (Figure 2). Among linaclotide
DR1 doses, a dose response was observed for CFB in abdominal
pain (trend test, P , 0.03), with the 300-mg group showing the
greatest improvement over the entire treatment period (LS
mean difference from placebo [95% confidence interval (CI)]:
20.771 [21.419 to20.123]). TheLSmeandifference fromplacebo
was 20.569 (95% CI: 21.214 to 0.076) for linaclotide IR and
ranged from20.455 to20.258 for the 2 lower DR1 doses and all
MD-7246doses,withnodose response seen acrossMD-7246doses
(trend test, P5 0.55).
CFB in CSBM frequency. Over the entire treatment period, the
greatest increases in CSBM frequency were seen in the linaclotide

IR group (LS mean difference from placebo: 0.992 [95% CI:
0.228–1.756]), followed by the DR1 300-mg group (0.662 [95%
CI:20.104 to 1.428]) (Figure 3). The changes in CSBM frequency
seemed to show a dose-response trend across the DR1 doses
(trend test,P5 0.07). By contrast, CSBM frequencies were similar
between the 3 MD-7246 dose groups and placebo over the
treatment period, and no dose response was observed (trend test,
P5 0.42).
APC11 responder rates. In the linaclotide DR1 dose groups, the
percentages of patients whowereAPC11 responders were higher
than those in the placebo group (odds ratio [OR] [95% CI]: 1.39
[0.61–3.17], 1.27 [0.57–2.85], and 2.39 [1.10–5.19] forDR1 30mg,
100 mg, and 300 mg, respectively), and a dose response was ob-
served (correlation test, P , 0.03) (see Table 2, Supplementary
Digital Content 2, http://links.lww.com/AJG/B700). For linaclo-
tide IR, theOR (95%CI) vs of placebo groupwas 1.71 (0.79–3.70).
APC11 responder rates were similar between the 3 MD-7246
groups and placebo group (ORs ranging from 0.89 to 1.13), with
no observed dose response (correlation test, P 5 0.86). APC11
sustained responder rates showed similar trends across all doses.

Additional endpoints

The results for additional abdominal and bowel symptom end-
points showed trends across the doses of the 2 formulations that
were similar to the trends seen with the primary abdominal and
bowel symptom efficacy endpoints (see Table 2, Supplementary
Digital Content 2, http://links.lww.com/AJG/B700). Abdominal
pain response rates were highest for the linaclotide DR1 300-mg
group, followed by the linaclotide DR1 30-mg and MD-7246
300-mg groups. For themost stringent abdominal pain responder
threshold (i.e., 9/12-week abdominal pain responder), ORs (95%
CIs) vs placebo group were 2.49 (1.14–5.43) for DR1 300mg, 1.84
(0.83–4.07) forDR1 30mg, 1.62 (0.75–3.54) for linaclotide IR, and
1.45 (0.65–3.25) for MD-7246 300 mg. For the less stringent
threshold (i.e., 6/12-week abdominal pain responder), ORs vs
placebo group ranged from 0.85 to 1.11 for all doses, except DR1

Figure 1. Study design. DR1, delayed-release formulation 1; IR, immediate-release formulation; LIN, linaclotide; PBO, placebo.

The American Journal of GASTROENTEROLOGY VOLUME 116 | FEBRUARY 2021 www.amjgastro.com

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

S
Chey et al.356

http://links.lww.com/AJG/B701
http://links.lww.com/AJG/B701
http://links.lww.com/AJG/B700
http://links.lww.com/AJG/B700
http://www.amjgastro.com


300mg (OR [95%CI]: 2.03 [0.99–4.16]) andDR1 30mg (OR [95%
CI]: 1.44 [0.70–2.98]).

Safety

No patients from the linaclotide DR1 or MD-7246 groups ex-
perienced SAEs, and no deaths occurred during the study.
Treatment-emergent AEs (TEAEs) experienced by $2% of pa-
tients during the treatment period are reported in Table 3 (see
Supplementary Digital Content 4, http://links.lww.com/AJG/
B702). In general, the frequency of TEAEs was similar between
the linaclotide DR1 and IR groups, and the frequency of TEAEs
for the MD-7246 group was similar to the placebo group.

Diarrhea was the most common TEAE in the linaclotide DR1
and IR groups (Figure 4). Diarrhea was reported by 2 (3.0%), 5
(7.5%), and 7 (10.4%) patients in the linaclotideDR1 30-mg, 100-mg,
and 300-mg groups, respectively, and 9 patients (13.6%) in the IR
group. The frequency of diarrhea was generally lower in the MD-
7246 and placebo groups, having been reported by none, 1 (1.5%),
and 2 (3.0%) patients in the MD-7246 30-mg, 100-mg, and 300-mg
groups, respectively, and 1 patient (1.5%) in the placebo group. Two
patients each (3.0%) in the DR1 100-mg and 300-mg groups and 4
patients (6.1%) in the IR group discontinued the study drug due to
diarrhea (Figure 4). Two other TEAEs led to study drug discontin-
uation in theDR1 andMD-7246 groups: headache (DR130mg [n5
1] and DR1 100 mg [n5 1]) and nausea (DR1 100 mg [n5 1] and
MD-7246 100 mg [n 5 1]). Additional TEAEs leading to
discontinuation in the IRgroup included abdominal pain, defecation
urgency, and rectal hemorrhage (for each, n5 1).

One patient in the placebo group experienced SAEs of pneu-
monia and sepsis, and 1 patient in the linaclotide IR group ex-
perienced gastroenteritis. These SAEs were considered unrelated
to the study drug by the study investigator, and all SAEs resolved
without study drug discontinuation. There were no clinically
meaningful differences between treatment groups in the in-
cidence of abnormal vital signs or laboratory parameters.

DISCUSSION
Physicians and patients alike recognize the need for effective
therapies to manage the APC symptoms of IBS-C. The 2018
American College of Gastroenterology Monograph on the man-
agement of IBS recognized only 3 evidence-based treatment op-
tions for patients with IBS-C (8). However, no available
pharmacotherapies for IBS are recognized as pure “visceral anal-
gesics,” having isolated benefit for abdominal pain without a dis-
cernable impact on bowel habits.

Linaclotide’s analgesic and secretory effects and its modulation
of bowel function might be mediated by 2 distinct pathways, each
initiated by GC-C agonism within the GI tract. Distinct pathways
would suggest the possibility of reformulating linaclotide to un-
couple the pain benefit from its bowel effects. Net flux of water into
the luminal bowel, in response to linaclotide’s activation of GC-C,
is greatest in the more proximal portions of the small bowel (e.g.,
duodenumand jejunum) (13). TwoDRformulations of linaclotide,
DR1 andMD-7246,were developedwith the intention of exploring
the possibility of differential effects of linaclotide on secretion and
pain modulation based on delivery to more distal segments of the
bowel. Itwas hypothesized that bybypassingGC-C receptors in the

Table 1. Summary of patient demographic and baseline clinical characteristics

PBO

(n5 66)

LIN IR

290 mg

(n5 66)

LIN DR1

30 mg

(n 5 67)

LIN DR1

100 mg

(n5 67)

LIN DR1

300 mg

(n5 67)

MD-7246

30 mg

(n5 67)

MD-7246

100 mg

(n 5 66)

MD-7246

300 mg

(n 5 66)

Demographics

Age, yr, mean (SD) 45.4 (14.7) 44.1 (14.4) 44.8 (14.9) 44.7 (13.7) 46.5 (12.7) 42.3 (12.6) 47.9 (12.8) 45.2 (14.4)

BMI, kg/m2, mean (SD) 30.1 (7.1) 29.7 (5.9) 29.7 (7.9) 29.3 (7.5) 30.4 (7.5) 29.5 (6.9) 29.5 (6.5) 31.5 (7.5)

Women, n (%) 53 (80.3) 53 (80.3) 59 (88.1) 59 (88.1) 55 (82.1) 50 (74.6) 52 (78.8) 62 (93.9)

Race, n (%)

White 38 (57.6) 43 (65.2) 45 (67.2) 47 (70.1) 41 (61.2) 42 (62.7) 40 (60.6) 48 (72.7)

Other 28 (42.4) 23 (34.8) 22 (32.8) 20 (29.9) 26 (38.8) 25 (37.3) 26 (39.4) 18 (27.3)

Hispanic or Latino 10 (15.2) 14 (21.2) 16 (23.9) 17 (25.4) 16 (23.9) 18 (26.9) 15 (22.7) 21 (31.8)

Clinical characteristics,

mean (SD)

SBMs/wk 1.66 (1.26) 1.78 (1.24) 1.62 (1.16) 1.49 (1.09) 1.73 (1.24) 1.70 (1.04) 1.60 (1.14) 1.65 (1.19)

CSBMs/wk 0.29 (0.56) 0.34 (0.61) 0.35 (0.56) 0.22 (0.46) 0.27 (0.54) 0.35 (0.62) 0.31 (0.61) 0.33 (0.56)

Stool consistency (BSFS)a 2.25 (1.13) 2.21 (0.99) 2.35 (1.13) 2.28 (0.90) 2.17 (1.06) 2.30 (1.01) 2.35 (0.90) 2.18 (0.93)

Abdominal pain 6.41 (1.85) 6.18 (1.77) 6.20 (1.59) 6.18 (1.67) 6.38 (1.82) 6.07 (1.68) 6.48 (1.53) 6.09 (1.68)

Abdominal discomfort 6.58 (1.72) 6.29 (1.67) 6.45 (1.38) 6.34 (1.64) 6.70 (1.68) 6.35 (1.61) 6.67 (1.51) 6.36 (1.61)

Abdominal bloating 6.67 (2.16) 6.40 (1.91) 6.67 (1.41) 6.52 (1.74) 6.99 (1.55) 6.52 (1.62) 6.91 (1.57) 6.56 (1.66)

BMI, body mass index; BSFS, Bristol Stool Form Scale; CSBM, complete spontaneous bowel movement; DR1, delayed-release formulation 1; IR, immediate-release
formulation; LIN, linaclotide; PBO, placebo; SBM, spontaneous bowel movement.
aSample sizes for stool consistencywere as follows: n559 (placebo), n562 (LIN IR290mg), n562 (LINDR130mg), n556 (LINDR1100mg), n561 (LINDR1300mg),
n 5 61 (MD-7246 30 mg), n 5 58 (MD-7246 100 mg), and n 5 55 (MD-7246 300 mg).
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proximal small bowel, these novel DR formulations of linaclotide
might have less fluid secretion and, thus, a limited or no effect on
bowel habits. At the same time, these DR preparations were
expected to retain antinociceptive effects through modulation of
sensory afferent pain signaling originating in the colon.

Indeed, this hypothesis seems to have been confirmed in this
phase 2b trial in patients with IBS-C. DR1, targeting the ileum,
demonstrated similar results at the 300-mg dose when compared
with the linaclotide IR formulation for each of the 3 key efficacy
endpoints (i.e., weekly CFB in abdominal pain and CSBM

Figure 3.Weekly CFB in CSBM frequency. Treatment effects of (a) LIN DR1 30mg, 100mg, and 300mg and (b) MD-7246 30mg, 100 mg, and 300 mg are
shownwith respect to LIN290mg IRandPBO,with 12-weekLSmeandifferences vsPBO reported in each legend.All 8 treatment groupswere evaluated in a
single model, wherein treatment group was included as a fixed effect. CFB, change from baseline; CI, confidence interval; CSBM, complete spontaneous
bowel movement; DR1, delayed-release formulation 1; IR, immediate-release formulation; LIN, linaclotide; LS, least-squares; PBO, placebo.

Figure 2.Weekly CFB in abdominal pain. Treatment effects of (a) LIN DR1 30 mg, 100 mg, and 300 mg and (b) MD-7246 30 mg, 100 mg, and 300 mg are
shownwith respect to LIN 290mg IR andPBO,with 12-week LSmeandifferences vs PBO reported in each legend. All 8 treatment groupswere evaluated in
a single model, wherein treatment group was included as a fixed effect. CFB, change from baseline; CI, confidence interval; DR1, delayed-release
formulation 1; IR, immediate-release formulation; LIN, linaclotide; LS, least-squares; PBO, placebo.
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frequency, and APC11 responder rate). Furthermore, linaclotide
DR1 led to greater improvements compared with placebo for the
additional endpoints of abdominal bloating, abdominal discom-
fort, abdominal pain responder rate, and adequate relief responder
rate. MD-7246 demonstrated a signal for relief of abdominal pain
compared with placebo, with absolute reductions in abdominal
pain from baseline (a key endpoint) in all 3 dose groups over the
treatment period. The anatomic origin of abdominal pain in IBS
remains uncertain. Several studies have clearly demonstrated
greater rectosigmoid sensitivity in patientswith IBS comparedwith
healthy volunteers using barostat or balloon distention protocols
(25,26). Yet, considerable variation in perception can be discerned
among patients with IBS-C (27). Furthermore, detectable hyper-
sensitivity of the rectosigmoid might be modulated by physiologic
activities in the small intestine, such as the consumption of a meal
(28). The similar levels of pain relief observed in this study with IR
290 mg, DR1 300 mg, and MD-7246 suggest that GC-C activation
and subsequent release of extracellular cyclic guanosine mono-
phosphate into the distal small bowel and colonmight be sufficient
to elicit the desired nociceptive effects of GC-C agonism. Trends
seen forMD-7246 vs placebo for the key abdominal endpoint, plus
those seen for the additional abdominal endpoints, support the
antinociceptive properties expected for this formulation and sug-
gest that a portion of linaclotide’s analgesic propertiesmight also be
mediated by GC-C action in the more proximal small intestine. At
the same time,MD-7246 exerted little effect onBM frequency,with
no dose response for CSBM frequency or APC11 responder rates.
Data from this study, with sample sizes appropriate for phase 2b
exploration, suggest that linaclotide’s treatment effects could in-
deedbemodulatedby targeting drugdelivery to specific parts of the
GI tract. With its pharmacologic effects limited to visceral anal-
gesia, MD-7246 presents an intriguing option for themanagement
of nonconstipated subtypes of IBS.

Both the linaclotide DR1 and MD-7246 formulations were well
tolerated. The TEAE profile for linaclotide DR1 was consistent with
the established safety profile for linaclotide IR 290 mg (18–20), with
diarrhea being the most common AE. TEAEs, including diarrhea,
were similar between the MD-7246 and placebo groups and were
relatively lower than those in the linaclotide DR1 and IR groups. The
diarrhea rate in the IR 290-mg group was lower than that seen in the
pivotal phase 3 trials (19.5%–19.7% vs 2.5%–3.5% for placebo)

(18,19). The reason for this is unknown, although a possible expla-
nation is that, unlike the previous studies, this study did not include a
2-week study visit. No SAEs were reported in patients receiving
linaclotide DR1 or MD-7246.

This study has several notable strengths, including the en-
rollment of a carefully phenotyped patient population who met
the Rome III criteria for IBS-C. Patients with potentially impor-
tant clinical confounders (e.g., structural disease) were excluded.
Endpoints examined in this study, including abdominal pain
using an 11-point numerical rating scale, followed US Food and
Drug Administration guidance for clinical trials in IBS (29).
However, this study also has limitations. Although drug delivery
to specified bowel segments was expected based on the in vitro
release profiles of the DR formulations in biorelevant dissolution
media, verification of drug delivery using sampling or imaging
techniques was not performed in vivo. It is conceivable that the
precise location of linaclotide delivery with the DR formulations
might have varied based on the intestinal bacterial and bio-
chemical milieu of individual patients and/or with different rates
of intestinal transit. In addition, results for this study must be
considered relative to the limited sample size (66–67 patients per
treatment arm) and limited inferential statistical analyses, which
focused on the primary endpoint and evaluation of dose trends.

In conclusion, in this phase 2b study of 2 novel linaclotide DR
formulations, DR1 seemed to have similar efficacy for im-
provements in bowel function and abdominal pain compared
with the commercially available IR preparation. Importantly,
MD-7246 maintained improvement in abdominal pain relief
relative to placebo with little impact on bowel symptoms and
very low rates of treatment-associated diarrhea. MD-7246
should, therefore, be examined as an option for treating
IBS-related abdominal pain without altering bowel habits. Fur-
ther MD-7246 studies across the spectrum of IBS subtypes, in-
cluding those with diarrhea predominance, should be considered
based on these observations.

CONFLICTS OF INTEREST

Guarantor of the article: Wilmin Bartolini, PhD.
Specific author contributions:W.B., D.S.R., S.M.F., W.B., and K.T.
contributed to the conception and design of the study. D.S.R. and
K.T. contributed to the analysis of the data. All authors contributed to

Figure 4. Percentage of patients with diarrhea TEAEs, including those leading to discontinuation. The proportion of patients with diarrhea TEAEs leading to
discontinuation (grey) is shown as a subset of the total population with$1 diarrhea TEAE in each treatment group. DR1, delayed-release formulation 1; IR,
immediate-release formulation; TEAE, treatment-emergent adverse event.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

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

S

Delayed-Release Formulations of Linaclotide 359



the interpretation of the data and drafting, critical revision, and final
approval of the manuscript.
Financial support:This study was sponsored by Allergan plc (before
acquisition by AbbVie, Inc.) and/or AbbVie, Inc. and Ironwood
Pharmaceuticals, Inc. Writing and editorial assistance was provided
to the authors by Brittany Y. Jarrett, PhD, and Rebecca Fletcher,
BA(Hons), of Complete HealthVizion, Inc., Chicago, IL, and funded
by Allergan plc and/or AbbVie, Inc., and Ironwood Pharmaceuticals,
Inc. All authors met the ICJME authorship criteria. Neither hono-
raria nor payments were made for authorship.
Potential competing interests: Financial arrangements of the
authors with companies whose products might be related to this
report are listed as follows, as declared by the authors: W.D.C. has
served as a consultant for Allergan plc (before acquisition by AbbVie,
Inc.), Alnylam, Arena, Biomerica, Ironwood Pharmaceuticals, Inc.,
IM Health, QOL Medical, Outpost, Ritter, Salix Pharmaceuticals,
Takeda, and Urovant Sciences and received research grants from
Biomerica, Ironwood Pharmaceuticals, Inc., Commonwealth
Diagnostic International, QOL Medical, Salix, Urovant Sciences,
Vibrant, and Zespri. G.S.S. has served as a consultant and speaker for
Allergan plc (before acquisition by AbbVie, Inc.), Ironwood
Pharmaceuticals, Inc., and Salix Pharmaceuticals. W.B., E.S., and
N.B. are employees of Ironwood Pharmaceuticals, Inc., and have held
or currently hold stock and stock options. D.S.R. and K.T. are former
employees of Ironwood Pharmaceuticals, Inc., and have held or
currently hold stock and stock options. S.M.F., W.B., and R.B. are
employees of AbbVie, Inc., and hold stock and stock options.
Trial registration: ClinicalTrials.gov (NCT02559206).

REFERENCES
1. Drossman DA. Functional gastrointestinal disorders: History,

pathophysiology, clinical features, and Rome IV. Gastroenterology 2016;
150:1262–79.

2. Lacy BE, Mearin F, Chang L, et al. Bowel disorders. Gastroenterology
2016;150:1393–407.e5.

3. Lovell RM, Ford AC. Global prevalence of and risk factors for irritable
bowel syndrome: A meta-analysis. Clin Gastroenterol Hepatol 2012;10:
712–21.

4. Drossman DA, Morris CB, Schneck S, et al. International survey of
patients with IBS: Symptom features and their severity, health status,
treatments, and risk taking to achieve clinical benefit. J Clin Gastroenterol
2009;43:541–50.

5. Ballou S, McMahon C, Lee H-N, et al. Effects of irritable bowel syndrome
on daily activities vary among subtypes based on results from the IBS in
America survey. Clin Gastroenterol Hepatol 2019;17:2471–8.

6. DrossmanDA.The functional gastrointestinal disorders and theRome III
process. Gastroenterology 2006;130:1377–90.

7. American Gastroenterological Association. IBS in America: Survey
summary findings. 2015 (http://www.multivu.com/players/English/
7634451-aga-ibs-in-america-survey/docs/survey-findings-pdf-
635473172.pdf). Accessed October 5, 2016.

8. Ford AC, Moayyedi P, Chey WD, et al. American College of
Gastroenterology monograph on management of irritable bowel
syndrome. Am J Gastroenterol 2018;113:1–18.

9. US Food and Drug Administration. Linzess highlights of prescribing
information. 2017 (https://www.accessdata.fda.gov/drugsatfda_
docs/label/2017/202811s013lbl.pdf#page520). Accessed February
28, 2019.

10. Bryant AP, Busby RW, Bartolini WP, et al. Linaclotide is a potent and
selective guanylate cyclase C agonist that elicits pharmacological effects
locally in the gastrointestinal tract. Life Sci 2010;86:760–5.

11. Busby RW, Kessler MM, Bartolini WP, et al. Pharmacologic properties,
metabolism, and disposition of linaclotide, a novel therapeutic peptide
approved for the treatment of irritable bowel syndromewith constipation
and chronic idiopathic constipation. J Pharmacol Exp Ther 2013;344:
196–206.

12. Tchernychev B, Ge P, Kessler MM, et al. MRP4 modulation of the
guanylate cyclase-c/cGMP pathway: Effects on linaclotide-induced
electrolyte secretion and cGMP efflux. J Pharmacol Exp Ther 2015;355:
48–56.

13. BusbyRW,BryantAP, BartoliniWP, et al. Linaclotide, through activation
of guanylate cyclase C, acts locally in the gastrointestinal tract to elicit
enhanced intestinal secretion and transit. Eur J Pharmacol 2010;649:
328–35.

14. Castro J, Harrington AM, Hughes PA, et al. Linaclotide inhibits colonic
nociceptors and relieves abdominal pain via guanylate cyclase-c and
extracellular cyclic guanosine 3’, 5’-monophosphate. Gastroenterology
2013;145:1334–46.e11.

15. Eutamene H, Bradesi S, Larauche M, et al. Guanylate cyclase C-mediated
antinociceptive effects of linaclotide in rodent models of visceral pain.
Neurogastroenterol Motil 2010;22:312–e84.

16. Grundy L, Harrington AM, Castro J, et al. Chronic linaclotide treatment
reduces colitis-induced neuroplasticity and reverses persistent bladder
dysfunction. JCI Insight 2018;3:e121841.

17. Ligon C, Mohammadi E, Ge P, et al. Linaclotide inhibits colonic and
urinary bladder hypersensitivity in adult female rats following
unpredictable neonatal stress. Neurogastroenterol Motil 2018;30:e13375.

18. Chey WD, Lembo AJ, Lavins BJ, et al. Linaclotide for irritable bowel
syndrome with constipation: A 26-week, randomized, double-blind,
placebo-controlled trial to evaluate efficacy and safety. Am J
Gastroenterol 2012;107:1702–12.

19. Rao S, Lembo AJ, Shiff SJ, et al. A 12-week, randomized, controlled trial
with a 4-week randomized withdrawal period to evaluate the efficacy and
safety of linaclotide in irritable bowel syndrome with constipation. Am J
Gastroenterol 2012;107:1714–24.

20. Nee JW, Johnston JM, Shea EP, et al. Safety and tolerability of linaclotide
for the treatment of chronic idiopathic constipation and irritable bowel
syndrome with constipation: Pooled phase 3 analysis. Expert Rev
Gastroenterol Hepatol 2019;13:397–406.

21. Kellow JE, Eckersley GM, Jones MP. Enhanced perception of
physiological intestinal motility in the irritable bowel syndrome.
Gastroenterology 1991;101:1621–7.

22. Azpiroz F, BouinM, CamilleriM, et al.Mechanisms of hypersensitivity in
IBS and functional disorders. Neurogastroenterol Motil 2007;19:62–88.

23. Hughes PA, Castro J, Harrington AM, et al. Increased k-opioid receptor
expression and function during chronic visceral hypersensitivity. Gut
2014;63:1199–200.

Study Highlights

WHAT IS KNOWN

3 Linaclotide IR (Linzess®) is a 14-amino-acid peptide,
structurally related to 2 gut hormones (guanylin/uroguanylin).

3 Linaclotide IR exerts prosecretory effects in the small
intestine.

3 Linaclotide IR improves APC symptoms associated with IBS-C.
3 Optimal bowel target areas for linaclotide delivery tomaximize

pain relief remain unclear.

WHAT IS NEW HERE

3 LinaclotideDR1, targeting the ileum, improvedAPC, similar to
IR.

3 MD-7246, targeting themoredistal ileocecal junction/cecum,
showed modest pain improvement without affecting bowel
symptoms.

3 Drug delivery to distal small bowel might modulate
linaclotide’s secretory effects while preserving analgesic
effects.

3 GC-C–activated secretory effects are minimized by limited
exposure to the ileum and colon.

3 GC-C activation throughout the GI tract seems to lead to
antinociceptive effects.
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