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SUMMARY

Background

Few clinical trials in chronic idiopathic constipation (CIC) patients have evalu-
ated abdominal symptom severity and whether CIC patients with abdominal
symptoms respond similarly to patients with limited abdominal symptoms.

Aims

To examine abdominal symptom severity and relationships between symptoms
and global measures at baseline; compare linaclotide’s effect on symptoms in sub-
populations with more or less abdominal pain; and assess relationships between
symptom improvement and global measures in these two subpopulations.

Methods

In two phase 3 trials, patients meeting modified Rome II CIC criteria were assigned
to linaclotide 145 pg, 290 pg, or placebo once daily. Patients rated abdominal and
bowel symptoms daily during 2-week pre-treatment and 12-week treatment peri-
ods. Linaclotide’s effect on symptoms and global measures [constipation severity,
health-related quality of life (HRQOL), treatment satisfaction] and their inter-rela-
tionships were assessed in post hoc analyses of abdominal pain subpopulations.

Results

Of 1271 CIC patients, 23%, 32%, and 43% reported moderate-to-severe abdomi-
nal pain, discomfort, and bloating, respectively, during baseline. In more-severe
abdominal pain patients, abdominal symptoms were more strongly correlated
than bowel symptoms with global measures, but in less-severe abdominal pain
patients, abdominal and bowel symptoms were similarly correlated with global
measures, at baseline and post-treatment. Linaclotide significantly improved all
symptoms and global measures in both subpopulations.

Conclusions

When abdominal pain is present in CIC, abdominal and not bowel symptoms
may drive patient assessments of constipation severity, HRQOL, and treatment
satisfaction. Linaclotide (145 pg and 290 pg) is an effective treatment for both
abdominal and bowel symptoms, even in CIC patients with more severe abdomi-
nal pain at baseline. (Clinicaltrials.gov: NCT00765882, NCT00730015).
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INTRODUCTION
Chronic idiopathic constipation (CIC) is a functional
bowel disorder affecting an estimated 12-19% of the
United States (US) population' with similar prevalence
rates reported in Europe and other developed coun-
tries.” > CIC is generally characterised by infrequent
stools, hard stools, straining, and unsuccessful defection.”
In addition to these physical symptoms, CIC is also det-
rimental to health-related quality of life (HRQOL)>™®
and work productivity,® and is a burden on the health-
care system.%12

In clinical studies, CIC is usually defined by the Rome
criteria, which diagnose CIC based on patient recall of
bowel symptoms, including number of bowel movements
(BMs) per week and the percentages of BMs that include
hard stool, straining, sensation of incomplete evacuation,
manual facilitation, and sensation of blockage."
Although CIC is defined by these bowel symptoms,
many individuals also experience abdominal symptoms
including pain, discomfort, and bloating.'**® Abdominal
pain in conjunction with constipation, however, is com-
monly considered the hallmark of irritable bowel syn-
drome with constipation (IBS-C).'” ** Indeed, the Rome
criteria for IBS include abdominal pain or discomfort
that is relieved by BMs or whose onset corresponds with
change in stool frequency or form.*' The Rome criteria
for CIC, in contrast, exclude patients who meet IBS cri-
teria, but do not otherwise exclude individuals with
abdominal pain per se or other abdominal symptoms.
Consequently, there are patients who meet the Rome cri-
teria for CIC, who do not meet IBS criteria, yet still have
abdominal pain,'”>"'7> 2272¢

While the Rome criteria are valuable as a standard set
of rules to apply to clinical studies, their current CIC
and IBS-C classifications are less useful in the clinic. In
practice, a patient with constipation can alternately fulfil
the criteria for CIC or IBS-C over time,?” and, in some
patients, distinguishing between CIC and IBS-C at any
given timepoint may be difficult.”® ** These and other

17, 24,25, 27, 28,
recent findings 20

support a view of CIC
and IBS-C not as distinct entities but as overlapping dis-
orders that lie on a spectrum of abdominal pain. This
lack of diagnostic distinction may not be problematic for
clinicians because current treatment approaches are lar-
gely the same for both disorders.”> *>' Constipation,
whether diagnosed as CIC or IBS-C, is a heterogeneous
disorder, and each patient seeks treatment for their spe-
cific set of bowel and abdominal symptoms. Abdominal
pain, when combined with the symptoms of chronic
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constipation, can have added impact on health status,
healthcare-seeking behaviour, HRQOL, and perception
of severity.'® ¢ 3

Linaclotide, a guanylate cyclase-C agonist, is approved
in the US, Canada, and Mexico for the treatment of CIC
(145 pg) and IBS-C (290 pg) in adults. In two phase 3
clinical trials in CIC, linaclotide (145 pg and 290 pg)
improved bowel symptoms, abdominal discomfort and
abdominal bloating.”> In two phase 3 clinical trials in
IBS-C, linaclotide (290 pg only) improved bowel and
abdominal symptoms, including abdominal pain.** **

The objectives of these post hoc analyses of the pooled,
Phase 3 CIC population were: (i) to examine the severity
of abdominal symptoms and assess their relationships
with bowel symptoms and global measures at baseline,
(ii) to compare the effects of linaclotide on abdominal
and bowel symptoms in subpopulations of patients with
more severe or less severe abdominal pain at baseline
and (iii) to assess the relationships between symptom
improvement and global measures in these two subpopu-
lations.

METHODS

Trial design

Detailed study methods and results for the two phase 3
clinical trials (Trials 303 and 01; Clinicaltrials.gov num-
bers NCT00730015 and NCT00765882) have been pub-
lished.** In brief, these randomised, multicenter (us/
Canada), double-blind, placebo-controlled, parallel-group
trials included 2-week baseline periods followed by ran-
domisation of patients in equal proportions to placebo,
linaclotide 145 pg, or linaclotide 290 pg once daily for
12 weeks. The trials were identical except Trial 303
included a 4-week randomised-withdrawal period fol-
lowing the treatment period. The trials were designed,
conducted, and reported in accordance with the Good
Clinical Practice guidelines, and protocols and proce-
dures were approved by Institutional Review Boards.
All patients gave written informed consent before
participation.

Trial patients

Male and female patients >18 years were eligible for en-
rolment if they met modified Rome II CIC criteria®® and
did not meet Rome II IBS-C criteria as determined by
the investigator’s assessment of a patient’s recall of their
medical history. Patients were randomised into the treat-
ment period if, during the 2-week baseline period, they
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reported <6 spontaneous BMs (SBM = a BM occurring
in the absence of laxative, enema, or suppository use
during the preceding 24 h) per week and <3 complete
SBMs  (CSBM = SBMs patient
self-reporting a feeling of complete evacuation) per week.

accompanied by

Symptom assessments

Patients reported bowel habits and abdominal symptom
severity ratings daily to an interactive voice response sys-
tem (IVRS). Bowel habits included SBMs, CSBMs, stool
consistency [Bristol Stool Form Scale (BSES),”” 1-7
range; higher scores indicate more liquid stool and lower
scores indicate harder stool], and severity of straining
(5-point ordinal scale: 1 = not at all to 5 = an extreme
amount). Abdominal symptoms (pain, discomfort, bloat-
ing) were measured on a 5-point ordinal scale (1 = none
to 5 = very severe).

Global measures

Patients rated constipation severity weekly via the IVRS
(5-point ordinal scale, 1 = none to 5 = very severe) by
answering the question: ‘On average, how would you rate
your constipation severity during the past 7 days? The
Patient Assessment of Constipation Quality of Life Ques-
tionnaire (PAC-QOL) was assessed at baseline and week
12. This self-administered questionnaire assesses the
effects of constipation on 4 HRQOL dimensions (physi-
cal discomfort, psychosocial discomfort, worries/con-
cerns, satisfaction) and yields an overall score (0-4),
where higher scores represent poorer HRQOL.?® Patients
also reported treatment satisfaction (5-point ordinal
scale; 1 = not at all satisfied to 5 = very satisfied) at all
trial visits after randomisation by answering the ques-
tion: ‘Overall, how satisfied are you with the study medi-
cation’s ability to relieve your constipation symptoms?’.

Safety assessments

At each study visit, patients were asked an open-ended
question regarding adverse events (AEs). Patients
reported AEs by recalling events since their prior visit.
Investigators recorded patient-reported AEs and judged
each event for severity and relationship with blinded trial
medication. Other safety evaluations included physical
examinations, electrocardiogram recordings, vital-sign
measurements, and standard clinical laboratory tests.
These results have been published.’

Statistical methods
All statistical analyses were post hoc and were based on
pooled results from the two phase 3 CIC trials. The
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safety population included patients who received >1 dose
of trial medication (linaclotide 145 pg, linaclotide
290 pg, or placebo) during the treatment period. The
intent-to-treat (ITT) population included patients in the
safety population who had >1 post-randomisation assess-
ment of the daily IVRS information that determined
whether an SBM was a CSBM. The ITT population was
divided into two subpopulations based on mean abdomi-
nal pain scores during the 2-week baseline period. A
none-to-mild subpopulation included patients with base-
line mean abdominal pain scores <3.0 on the 5-point
ordinal scale, and a moderate-to-severe subpopulation
with mean scores >3.0.

Pearson product-moment correlation coefficients (r)
were calculated to describe linear relationships between
variables (symptoms, constipation severity, PAC-QOL
scores, treatment satisfaction). Absolute values of r are
presented.

Week 12 changes from baseline in abdominal and
bowel symptoms were analysed in the subpopulations
using an ANCovA model with treatment group, geographi-
cal region, and study as factors and the baseline value as
covariate. Change-from-baseline means are least squares
means from the aNncova model. If patients discontinued
or had missing weekly data, a last-observation-car-
ried-forward (LOCF) method was applied. Week 12 per
cent changes from baseline were also analysed. The
change from baseline results are presented because per
cent change from baseline data are less reliable due to
low and zero baseline values, which result in extreme
numbers and missing data, respectively. Both change and
per cent change yielded the same patterns of treatment
response and correlations.

RESULTS

The pooled ITT population included 1271 CIC patients
randomised to receive once daily placebo (n = 423), lin-
aclotide 145 pg (n =430), or linaclotide 290 ng

(n = 418).

Baseline

During the 2-week baseline period, 91%, 96%, and 97%
of the 1271 patients reported experiencing some level
of abdominal pain, discomfort, and bloating, respec-
tively (Table 1). During baseline, 23%, 32%, and 43%
reported moderate-to—severe (mean >3 on the 5-point
ordinal scale) abdominal pain, discomfort, and bloating,
respectively; 36%, 47%, and 60% reported no abdominal
pain-free,
(Table 1).

discomfort-free, or bloating-free  days
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Table 1| Baseline abdominal symptoms (ITT
population, N = 1271)

Abdominal pain*
Mean abdominal pain score (s.d.) 2.2 (0.89)
Patients reporting mean baseline abdominal pain score of

1.0 to <3 (none to mild) n (%) 982 (77.3)
3.0 to <5 (moderate to very 289 (22.7)
severe) n (%)
Patients reporting no abdominal 14 (9.0)
paintn (%)
Patients reporting no pain-free daysi n (%) 454 (35.7)
Abdominal discomfort*
Mean abdominal discomfort 2.5 (0.84)

score (s.d.)
Patients reporting mean baseline abdominal discomfort score of

1.0 to <3 (none to mild) n (%) 861 (67.7)
3.0 to <5 (moderate to very 410 (32.3)
severe) n (%)
Patients reporting no abdominal 52 (41)
discomfortt n (%)
Patients reporting no 598 (47.1)
discomfort-free daysi n (%)
Abdominal bloating*
Mean abdominal bloating score (s.d.) 2.8 (0.88)
Patients reporting mean
baseline abdominal bloating score of
1.0 to <3 (none to mild) n (%) 719 (56.6)
3.0 to <5 (moderate to 552 (43.4)
very severe) n (%)
Patients reporting no 39 (31
abdominal bloatingt n (%)
Patients reporting no 756 (59.5)

bloating-free daysi n (%)

s.d., standard deviation.

* 5-point ordinal scale (1= none, 2 = mild, 3 = moderate,
4 = severe, 5 = very severe).

T Per cent of patients reporting a score =1 (none) each day
of the 2-week baseline period.

i Per cent of patients with no abdominal pain/discomfort/
bloating daily scores = 1 (none) during baseline.

There was considerable overlap in the moder-
ate-to-severe abdominal symptoms (Figure 1). Nearly all
patients with moderate-to-severe abdominal pain also
reported moderate-to-severe abdominal discomfort and
bloating. Baseline abdominal symptoms were also highly
correlated with each other (pairwise Pearson r = 0.71—
0.89). In contrast, abdominal pain was only weakly cor-
related with CSBM rate, SBM rate, and BSFS (r = 0.21,
0.17, 0.10, respectively), but was moderately correlated
with straining (r = 0.41).

Abdominal pain subpopulations
Baseline. Demographical
between the moderate-to-severe (1 = 289) and none-to-mild

characteristics  were  similar

Aliment Pharmacol Ther 2014; 40: 1302-1312

Outer square = ITT population (n = 1271)

—O Moderate-to-severe (=3) pain (n = 289)
- O Moderate-to-severe (=3) discomfort (n = 410)
-— O Moderate-to-severe (>3) bloating (n = 552)

Figure 1| Subpopulations of patients with moderate-to-
severe abdominal symptoms (ITT population). Venn
diagram depicting the relative sizes and overlaps of the
subpopulations of patients with moderate-to-severe
(>3) abdominal pain, abdominal discomfort, and
abdominal bloating at baseline in the ITT population.

(n = 982) abdominal pain subpopulations (Table S1). At
baseline, the moderate-to-severe subpopulation had a
worse mean constipation severity score (3.8 vs. 3.1) and
a worse mean PAC-QOL overall score (2.6 vs. 1.9) com-
pared with the none-to-mild subpopulation (Table S1). In
the moderate-to-severe abdominal pain subpopulation,
constipation severity was more strongly correlated with
abdominal symptoms (r = 0.53-0.60) than with bowel
symptoms, including straining (r = 0.07-0.38) (Figure 2a).
In contrast, in the none-to-mild abdominal pain sub-
population, constipation severity was more strongly corre-
lated with straining (r = 0.43) than with abdominal
symptoms (r = 0.19-0.36) or with other bowel symptoms
(r = 0.16-0.30) (Figure 2a).

As with constipation severity, the PAC-QOL overall
score in the moderate-to-severe abdominal pain subpop-
ulation was more strongly correlated with abdominal
symptoms (r = 0.39-0.45) than with bowel symptoms,
including straining (r = 0.14-0.33) (Figure 2b). Unlike
constipation severity, the PAC-QOL overall score in the
none-to-mild abdominal pain subpopulation was also
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(a) None-to-mild (< 3) abdominal Moderate-to-severe (> 3) abdominal
pain subpopulation (n = 982) pain subpopulation (n = 289)
Pain 0.19* Pain 0.54*
Discomfort 0.33* Discomfort 0.60*
>
®  Bloating 0.36* Bloating 0.53*
3
c
kel
8 CSBMrate 0.28* CSBM rate 0.07
@
é SBM rate 0.30* SBM rate 0.27*
BSFS score 0.16* BSFS score 0.24*
Straining 0.43* Straining 0.38*
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Pearson correlation coefficient, r Pearson correlation coefficient, r
|:| Abdominal symptoms . Bowel symptoms
(b) None-to-mild (< 3) abdominal Moderate-to-severe (> 3) abdominal
pain subpopulation (n = 982) pain subpopulation (n = 289)
Pain 0.33* Pain 0.42*
Discomfort 0.44~ Discomfort 0.45*
— Bloating 0.49* Bloating 0.39*
©
5}
>
(o)
-
8 CSBM rate 0.22* CSBM rate 0.14*
2 sBMrate 0.15* SBM rate 0.19*
BSFS score 0.06 BSFS score 0.21~
Straining 023~ Straining 0.33*
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8

Pearson correlation coefficient, r

|:| Abdominal symptoms

Pearson correlation coefficient, r

. Bowel symptoms

Figure 2 | Correlations of baseline global measures with baseline abdominal and bowel symptoms. (a) Correlations of
constipation severity score at baseline with abdominal and bowel symptoms at baseline. Pearson correlation
coefficients, r, absolute values shown; *P < 0.05. (b) Correlations of PAC-QOL overall score at baseline with
abdominal and bowel symptoms at baseline. Pearson correlation coefficients, r, absolute values shown; *P < .05.

more strongly correlated with abdominal symptoms
(r = 0.33-0.49) than with bowel symptoms (r = 0.06—
0.23) (Figure 2B).

Treatment outcomes. For both subpopulations, changes
from baseline in abdominal pain, discomfort and bloat-
ing scores were significantly improved vs. placebo at
both dose levels of linaclotide (P < 0.05) (Table 2). The
changes from baseline in the moderate-to-severe
abdominal pain subpopulation were greater than in the
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none-to-mild subpopulation. Similarly, for both subpop-
ulations, changes from baseline in CSBM rate, SBM rate,
BSES score and severity of straining as well as the
changes from baseline in constipation severity and
PAC-QOL overall scores were significantly improved vs.
placebo in all linaclotide-treated patients, at both dose
levels (P < 0.05), and changes were generally greater in
the moderate-to-severe abdominal pain subpopulation
than in the none-to-mild subpopulation (Table 2). These
patterns were also found in per cent change from

Aliment Pharmacol Ther 2014; 40: 1302-1312
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Table 2 | Week 12 change from baseline in abdominal symptoms, bowel symptoms and global measures in the

abdominal pain subpopulations

None-to-mild
abdominal pain subpopulation

Moderate-to-severe
abdominal pain subpopulation

Placebo LIN 145 pg LIN 290 pg Placebo LIN 145 pg LIN 290 pg
(n = 330) (n =329) (n =323) (n=93) (n =101) (n =95)
Change from baseline LS mean LS mean LS mean LS mean LS mean LS Mean
Abdominal symptoms
Painf -0.17 —0.29* —0.31* —0.56 —113*** —1.03**
Discomfort} -0.23 —-0.37% —-0.37% —0.63 -1.07** —1.02*
Bloating —0.15 —0.31* —0.32% —0.62 —-0.97* —0.96*
Bowel symptoms
CSBM rate 0.50 1.88*** 2.04*** 0.85 2.05* 1.92*
SBM rate 0.63 2.63*** 2.48*** 1.20 3.04* 3.76*
BSFS score} 0.42 1.617** 1.64*** 0.68 211+ 1.80***
Straining§ —-0.52 —1.01** —1.09*** —-0.86 —1.83*** —1.51**
Global measures
Constipation severity -0.16 —0.79*** —0.78*** —0.69 —1.40*** —1.31*
PAC-QOL overall score| —0.36 —0.75*** —0.78*** —1.05 —1.52*** —1.45*

BSFS, Bristol Stool Form Scale; CSBM, complete spontaneous bowel movement; LIN, linaclotide; LS, least squares (mean); PAC-
QOL, Patient Assessment of Constipation Quality of Life Questionnaire; SBM, spontaneous bowel movement.

Week 12 (LOCF) change from baseline least squares means presented.

For all parameters, changes from baseline were significant vs. placebo at both dose levels of linaclotide (P < .0001) for the ITT

population.

*P < 0.05, **P < 0.001, ***P < 0.0001 for linaclotide vs. placebo; P values obtained from Ancova model with study, treatment
group, and geographical region as factors and baseline value as a covariate.

T 5-point ordinal scale (1 = none, 2 = mild, 3 = moderate, 4 = severe, 5 = very severe).

1 Bristol Stool Form Scale (1 = separate hard lumps like nuts to 7 = watery, no solid pieces)

§ 5-point ordinal scale (1 = not at all, 2 = a little bit, 3 = a moderate amount, 4 = a great deal, 5 = an extreme amount).

9 PAC-QOL overall score from O to 4, where a higher score represents poorer quality of life.

baseline analyses. There were no dose-level-related trends
in changes in abdominal symptoms, bowel symptoms, or
global measures.

Within the none-to-mild and moderate-to-severe
abdominal pain subpopulations, both the linaclo-
tide-145 pg and linaclotide-290 pg dose groups demon-
strated similar degrees of improvement over placebo in
abdominal pain during the treatment period (Figure 3).
This separation from placebo began at week 1 and was
sustained throughout the treatment period.

In the moderate-to-severe abdominal pain subpopula-
tion, constipation severity at week 12 was more strongly
correlated with changes in abdominal symptoms
(r = 0.65-0.67) than with changes in bowel symptoms
(r = 0.30-0.49) (Figure 4a). Similarly, PAC-QOL overall
score and treatment satisfaction at week 12 were both
more strongly correlated with changes in abdominal
symptoms than with changes in bowel symptoms (Fig-
ure 4b,c). In contrast, in the none-to-mild abdominal

Aliment Pharmacol Ther 2014; 40: 1302-1312

pain subpopulation, the correlations of constipation
severity with changes in abdominal symptoms (r = 0.32—
0.42) were similar to those of constipation severity with
changes in bowel symptoms (r = 0.36-0.45) (Figure 4a).
These patterns were also observed for week 12 PAC-
QOL overall score (Figure 4b) and week 12 treatment
satisfaction (Figure 4c).

Overall AE rates were similar between the two
abdominal pain subpopulations (Table S2). The moder-
ate-to-severe abdominal pain subpopulation had lower
rates of diarrhoea for both dose groups (12%, 11%, and
4% for 145 pg, 290 pg, and placebo respectively) com-
pared with the none to mild subpopulation (17%, 15%,
and 5% for 145 pg, 290 pg, and placebo, respectively).

DISCUSSION

These post hoc analyses demonstrate the importance of
abdominal pain, discomfort and bloating in this popula-
tion of CIC patients. While it may not be surprising that

1307

© 2014 The Authors. Alimentary Pharmacology & Therapeutics published by John Wiley & Sons Ltd.

85UB01 SUOWWOD A1) 8(cedlidde ay) Aq peusenob o e sjoie YO ‘88N JO S9N 10) ARIq1T BUIUQ A8]IM UO (SUONIPUOD-PUe-SULBI WD A8 |1 ARe.d1joul[UO//:SANLY) SUONIPUOD pue swie | 8y} 89S *[£202/T0/TZ] Uo Akeiqiauljuo A8|IM ‘0o1e N 8ueIyo0D Aq 8621 1de/TTTT 0T/I0p/woo A8 W Alelq Ul |uo//sdny Wwoj pepeojumod ‘ZT-TT ‘YT0Z ‘9802S9ET



L. Chang et al.

@ 0.0
[0
£
© 0.5
(]
©
Ke)
€
o
©
2
< —1.0
e
o
None-to-mild (< 3) abdominal pain subpopulation (n = 982)
-1.5 A
@ N 9P o> %X b o ® 9 QO XN 0
@‘?}\Q e?\‘b @‘Z{‘ e?\’{‘ (,Jé}‘ e};}~ QF\’{‘ e‘z\‘{~ e};}~ @‘Z{‘ 6}‘\ e‘}‘\ 6}‘\
P A R R R O R
—0O-Placebo —m-Linaclotide 290 pg —A—Linaclotide 145 pg
(b) 0.0
()
£
© —0.5
(]
a \0\0\0/0\0/0__0__0/0
Ke)
IS
=
©
2
c —1.0
K
&)
Moderate-to-severe (= 3) abdominal pain subpopulation (n = 289)
-1.5
& N v O L) o A > ) Q N U
g?}\Q F&FF&F & & &E S é{‘\ é{‘\ e‘}‘\
F W AT QY QY QP QN @ @

—O—-Placebo —m-Linaclotide 290 uyg —A—Linaclotide 145 pg

Figure 3 | Weekly mean
change from baseline in
abdominal pain. (a) Mean
change from baseline in
abdominal pain (LOCF) by
week during the 12-week
treatment period, by dose
group in patients who had
none-to-mild abdominal pain
at baseline. Abdominal pain
measured on a 5-point ordinal
scale (1 = none to 5 = very
severe). (b) Mean change
from baseline in abdominal
pain (LOCF) by week during
the 12-week treatment period,
by dose group in patients who
had moderate-to-severe
abdominal pain at baseline.
Abdominal pain measured on
a 5-point ordinal scale

(1 = none to 5 = very severe).

CIC patients have abdominal discomfort and bloating, it
is notable that abdominal pain is also common. Over
90% of patients in these Phase 3 clinical trials reported
at least some abdominal pain during the 2-week baseline
period, and nearly a quarter averaged at least moderate
abdominal pain. Although abdominal pain might be
expected to strongly correlate with BM frequency and
stool consistency, this study found only weak correla-
tions, perhaps because this analysis used the 2-week
average of the daily assessments and therefore did not
account for day-to-day variability in these symptoms. A
previous study showed that severity of abdominal pain
and bloating cumulatively increased with consecutive
days without a BM in patients with IBS-C.*

The significance of abdominal symptoms in CIC
patients is demonstrated by the correlations between
abdominal symptoms and ratings of constipation
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severity. Those correlations were stronger in patients
who had at least moderate baseline abdominal pain com-
pared with patients who had mild or no abdominal pain.
In addition, in those patients with at least moderate
abdominal pain, their ratings of constipation severity
and PAC-QOL overall score were more highly associated
with their abdominal symptoms than with the bowel
symptoms that define their CIC. This result is consistent
with the PAC-QOL validation study, which found no
significant associations between this score and the num-
ber of complete evacuations per week, but did find sig-
nificant associations with abdominal pain and patients’
severity ratings.”® That abdominal symptoms are highly
associated with global measures when abdominal pain is
present is also consistent with a large survey study using
Rome II criteria that found that CIC patients with
abdominal pain had poorer health, poorer HRQOL and
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(a) None-to-mild (< 3) abdominal
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Figure 4 | Correlation of global measures after treatment with improvement in abdominal and bowel symptoms.

(a) Correlation of constipation severity (week 12 LOCF) with improvement in abdominal and bowel symptoms
(baseline to week 12 LOCF). Pearson correlation coefficients, r, absolute values shown; *P < 0.05. (b) Correlation of
PAC-QOL overall score (week 12) with improvement in abdominal and bowel symptoms (baseline to week 12 LOCF).
Pearson correlation coefficients, r, absolute values shown; *P < 0.05. (c) Correlation of treatment satisfaction (week
12 LOCF) with improvement in abdominal and bowel symptoms (baseline to week 12 LOCF). Pearsoncorrelation

coefficients, r, absolute values shown; *P < 0.05.
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more somatic symptoms than CIC patients without
pain.'” A recent study demonstrated that CIC patients
with pain were more likely to regard themselves as con-
stipated, report more symptoms of constipation, use lax-
atives, and seek healthcare.*®

Linaclotide significantly improved all abdominal and
bowel symptoms versus placebo in CIC patients with at
least moderate abdominal pain as well as in CIC patients
with mild or no abdominal pain. Interestingly, regardless
of abdominal symptom severity, linaclotide at the lower
dose of 145 g was as effective in treating those symp-
toms, including abdominal pain, as linaclotide at the
higher dose of 290 pg; there were no dose-related trends.
The finding that both 145 pg and 290 ng are similarly
effective in treating CIC symptoms is noteworthy
because linaclotide is approved in the US, Canada and
Mexico at 145 g for the treatment of CIC in adults and
at 290 pg for the treatment of IBS-C in adults. However,
when the 145 pg and 290 pg doses were evaluated in a
phase 2b study in patients who met modified Rome II
criteria for IBS-C, the 290 ng dose was generally more
effective than the 145 pg dose, especially at relieving
abdominal pain in IBS-C patients with more severe
abdominal pain at baseline.** Although the 290 ug dose
was studied in both indications in phase 3, the CIC trials
enrolled patients meeting modified Rome II criteria for
functional constipation® while the IBS-C trials enrolled
patients meeting modified Rome II criteria for IBS with
constipation.”> *' These inherent differences in the trial
populations, plus differences in the scales used to mea-
sure abdominal symptoms across the trials, prevent for-
mal comparison of the phase 3 CIC and IBS-C trial
results.

In this study, improvements from baseline for all
symptoms were greater in patients who had at least
moderate abdominal pain at baseline. In these more-se-
vere abdominal pain patients, improvements in abdomi-
nal symptoms were not only highly correlated with
treatment satisfaction, constipation severity and PAC--
QOL but were also more strongly correlated with these
global measures than were improvements in bowel
symptoms. This finding was not true for patients who
had mild or no pain at baseline. In those patients,
improvements in abdominal and bowel symptoms were
similarly and more moderately linked to the global mea-
sures. Linaclotide was well tolerated in both abdominal
pain subpopulations. The lower rates of diarrhoea in
patients who had at least moderate abdominal pain at
baseline may be because these patients also had worse
constipation severity at baseline.
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Some patients with CIC, like patients with IBS-C, may
present with abdominal symptoms, including abdominal
pain, in addition to bowel symptoms.'® 2% 27> 28 42 43 ¢
is possible that patients with at least moderate abdominal
pain have increased visceral sensitivity, similar to some
patients with IBS,** but confirmatory studies are needed.
Although the population of patients in this study met
the Rome II CIC definition by history, most reported at
least some abdominal pain during the 2-week baseline
and nearly a quarter averaged at least moderate abdomi-
nal pain during this period. Our findings also suggest
that when patients with CIC have abdominal pain, it is
important to relieve their abdominal symptoms because
they are more strongly associated with both constipation
severity and HRQOL than are bowel symptoms.

There are potential limitations to these findings. First,
the population in these trials is likely skewed towards
the more severe end of the CIC spectrum because
patients enrolling in a clinical trial may be more likely to
have moderate-severe symptoms. In addition, inclusion
in these trials was limited to patients who had <6 SBMs/
week and <3 CSBMs/week during the 2-week baseline
period. These criteria likely excluded CIC patients with
milder bowel symptoms. Thus, the rate and severity of
abdominal pain in this CIC population may not reflect
the rate/severity of abdominal pain in a broader popula-
tion of CIC patients. Second, the patients in this study
were enrolled based on Rome II CIC criteria, including
the exclusion of IBS. These criteria rely on patient recall
of abdominal pain or discomfort and its association with
bowel patterns over the past 12 months, as well as on an
investigator’s judgment of a patient’s description. Due to
the subjective nature of this diagnosis and the significant
overlap of symptoms, it is possible that different clini-
cians might have diagnosed some patients as IBS-C
rather than CIC. The findings of this study, however, are
unaffected by the Rome designation because these analy-
ses were based on actual baseline symptom ratings in a
population of patients with CIC. Thus, these findings are
relevant for clinicians who treat patients who have
chronic constipation with concurrent abdominal symp-
toms and apply whether the clinician regards that patient
as a CIC or an IBS-C patient.

In summary, these analyses underscore the heteroge-
neity of chronic constipation as a bowel disorder, regard-
less of whether it is defined as CIC or IBS by the Rome
criteria. When present, abdominal pain is an important
facet of chronic constipation. In patients with more-se-
vere abdominal pain, their abdominal symptoms and not
their bowel symptoms appear to drive assessment of
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constipation severity and HRQOL. Consequently, it
makes sense that relief of abdominal symptoms may also
drive their perception of treatment satisfaction and
improve their HRQOL. Thus, evaluation of abdominal
pain in patients with chronic constipation is important
for determining the best treatment for the management
of the condition. These post hoc analyses suggest that lin-
aclotide is an effective treatment for both abdominal and
bowel symptoms, even in those patients with more
severe abdominal pain, and the 145 pg dose appears as
effective as the 290 pg dose in patients with CIC.
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