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Abstract: Constipation is a common, often chronic, gastrointestinal
disorder that can negatively impact the lives of those it affects and
can be difficult to treat satisfactorily. The objective of this systematic
review is to identify and analyze the available published literature on
US Food and Drug Administration-approved prescription therapies
for adults with constipation (episodic and chronic) and to assess their
place in therapy, based on the methodologic strength and results
of identified clinical trials. Ovid MEDLINE, PubMed, and EMBASE
databases were used to search the published literature. Studies were
included if they were randomized and prospective, conducted in
adults (age =18), published as full-length manuscripts in English, and
compared the test agent with placebo or a comparator(s). Studies
were excluded if they involved patients with constipation attributed
to secondary causes. Because fully published manuscripts from phase
1 efficacy trials involving the recently approved medication lubipro-
stone were not available, a manual search was performed of abstracts
from the two annual major gastroenterology meetings (American
College of Gastroenterology and Digestive Disease Week) from the
past 4 years. Data on study design; number, age, and sex of patients;
duration of treatment period; primary efficacy variable; secondary
efficacy variables; adverse events; and discontinuations because of
adverse events were abstracted from eligible articles. Eligible studies
were assessed using well-established recommendations and a prefor-
matted standardized form. A scoring system, with scores ranging from
1 to 15, was used to individually and separately assess the methodo-
logic quality of the studies. Results of this analysis indicate a general
lack of methodologically high-quality clinical trials supporting the use
of lactulose and PEG 3350 to treat patients with chronic constipation,
but data support their use in acute, episodic constipation. Conversely,
high-quality evidence for tegaserod and lubiprostone in patients with
chronic constipation does exist, though conclusions regarding the

role in therapy for lubiprostone are still in development.
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onstipation is a multisymptom gastrointesti-
‘ nal (GI) disorder that affects up to 27% of the
North American population, with prevalence

estimates between 12% and 19%.' It affects twice as
many women as men and, although reported among all
age groups, tends to be associated with increasing age
(although this finding has not been uniformly shown
among studies).! Available data indicate that patients
with constipation have diminished quality of life com-
pared with nonconstipated persons,”® and constipa-
tion has a substantial direct (healthcare utilization) and
indirect (work absenteeism, decreased productivity)
socioeconomic impact.®

Lifestyle measures (increased fluid, fiber, exercise)
have been the cornerstone of a nonpharmacologic treat-
ment approach to constipation and are generally regarded
in clinical practice as good habits to encourage, particu-
larly for patients with mild symptoms. However, convinc-
ing evidence demonstrating that lifestyle measures have
a clinically relevant effect on bowel habits is scarce (par-
ticularly for patients with more severe symptoms).® For
patients who fail to achieve adequate relief from lifestyle
interventions, numerous over-the-counter preparations
typically represent the next step in the therapeutic algo-
rithm. Although these agents provide satisfactory relief for
many patients with mild symptoms, clinical evidence of
their efficacy has been questioned for patients with more
severe or chronic symptoms. Similar issues apply to the
use of other nonprescription approaches, such as behav-
ioral or complementary and alternative therapies.

Prescription medications are usually reserved for
patients with severe constipation symptoms and those
who experience symptoms on a chronic or recurrent basis.
US Food and Drug Administration (FDA)-approved pre-
scription therapies for constipation number only a few and
have important differences related to their mechanisms
of action and the specific patient populations for which
they are intended. The aim of this systematic review is
to identify and analyze the available published clinical
trial evidence supporting FDA-approved prescription
options for adults with constipation. Tegaserod (Zelnorm,
Novartis) and lubiprostone (Amitiza, Sucampo Pharma-
ceuticals) are two medications with novel mechanisms of
action that have recently been approved for use in patients
with chronic constipation. Because these agents are less
well known than polyethylene glycol (PEG) and lactulose,
we sought to examine and highlight, in a comprehensive
manner, the evidence that supports the use of all four of
these therapies in specific patients and to review the clini-
cal trial rates of their efficacy.

PRESCRIPTION MEDICATIONS FOR CONSTIPATION

Methods

Literature Search

Asearch of the published literature using Ovid MEDLINE,
PubMed, and EMBASE databases was performed. For
Ovid MEDLINE (1966—December 2005) and PubMed
(MEDLINE 1966-December 2005), constipation (Eng-
lish language) was combined with [drug (lactulose, poly-
ethylene glycol, lubiprostone, or tegaserod)], and then the
search was refined to include only adults and clinical trials.
For PubMed (no time limit), search terms included con-
stipation [title] OR constipated [title] AND clinical trial
[publication type] NOT child* AND [drug (lactulose,
polyethylene glycol, lubiprostone, or tegaserod)] [title]
AND English [language]. For EMBASE (1980-Decem-
ber 2005), constipation (English language) was combined
with [drug (lactulose, polyethylene glycol, lubiprostone,
or tegaserod)]. Results were then limited to human trials,
English language, and randomized trials or meta-analyses.
Abstracts were screened, potentially relevant studies were
reviewed, and selection criteria were applied. References
within studies that met selection criteria were manually
searched for other potentially relevant studies.

Our search for clinical trial data on the recently
approved agent lubiprostone yielded little in full manu-
script form. Therefore, we performed an extensive review
of abstracts from the two annual major gastroenterology
meetings (American College of Gastroenterology and
Digestive Disease Week) from the past 4 years and included
them in the analysis. This search yielded 13 published
abstracts reporting on 11 trials.”** When the selection cri-
teria were applied, four eligible abstracts met the inclusion
criteria®!*"® (two abstracts reported on the same trial).'”"?
Personal communication with investigators and the maker
of lubiprostone were also used to garner additional data
related to the clinical trials of this agent.

Selection Criteria

Selection criteria are outlined in Table 1.° For PEG, only
trials involving the original PEG 3350 formulation were
included because this is the only formulation that is FDA-
approved for the treatment of patients with (occasional)
constipation. No limits were placed on the number of
patients enrolled in each study, and there was no upper
age limit. With the exception of lubiprostone, abstracts
were not included.

Data Extraction and Analysis
Articles were reviewed and data abstracted to a standard
form by each author independently. Data extracted from
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each review included study design; number, age, and sex
of patients; duration of treatment period; primary and sec-
ondary efficacy variables; adverse events; and discontinu-
ations because of adverse events. As much lubiprostone
data as were available from the abstracts were retrieved,
and investigators were contacted.

Qualitative Assessment of Study Methodology

Studies were assessed using well-established recom-
mendations put forth by the Rome committee (Table
1). These guidelines detail the appropriate manner in
which to design, conduct, analyze, and evaluate clinical
trials involving functional GI disorders. A preformatted,
standardized form and scoring system was used to indi-
vidually and separately assess the methodologic quality of
the selected studies. Disagreement was resolved through
consensus. Studies received 1 point for the presence of
each of the following 15 trial design characteristics: pro-
spective, randomized, double-blinded, use of concealed
allocation, placebo-controlled, sample size calculated a
priori, prospectively defined primary efficacy variable,
intention-to-treat (ITT) analysis, definition of constipa-
tion in keeping with the Rome criteria for constipation,
parallel design, inclusion of a baseline observation period,
follow-up at the end of therapy, treatment duration of
at least 8 weeks, and use of a validated, patient-derived
outcome measure. Selected studies were placed into 1 of
3 tertiles directly related to their methodologic quality
scores. Studies scoring from 0-5 were considered low
quality, those scoring from 6-10 were rated moderate
quality, and studies scoring from 11-15 constituted the
highest quality trials. Previous reports have demonstrated
that limiting analysis to studies fulfilling a greater num-
ber of these methodologic benchmarks results in a more
accurate assessment of treatment effect, likely because of
minimization of multiple potential biases.!

Results

Lactulose
The literature search resulted in 15 articles; however, four
were excluded because they did not study adult popula-
tions,* studied only the effects on opioid-induced (sec-
ondary) constipation,” or were not clinical trials involving
actual patients.”** Two articles?®”’ reported data from the
same trial and were reviewed as one study. Ten different
studies were therefore evaluated.”® The methodologic
scores of these 10 trials involving lactulose ranged from
3-10, indicating low to moderate quality (Table 2).7-%¢
A review of the references within these articles failed to
reveal additional trials that met selection criteria.

Of the 10 different studies, five were double
blinded,?”**3¢ two were partially blinded,”* and three

20

Table 1.  Study Selection and Methodological Criteria

Studies were included if they were:

¢ Randomized

* Prospective

* Conducted in adults (age >218)

e Dublished as a full manuscript (other than for
lubiprostone) and in English

e Compared the agent in question with placebo or a
comparator(s)

e Involved patients with constipation not attributed
to secondary causes (drug-induced, irritable bowel

syndrome [IBS])

Methodological criteria that were evaluated included:

* Randomization at start of study

* Prospective

Double-blind design

Concealed allocation

e Placebo controlled

Parallel design

¢ Intention-to-treat analysis

e Fulfillment of Rome criteria for constipation
* Baseline observation period

e Follow-up period at the end of therapy

e Duration of at least 8 weeks of therapy

Validated outcome measure

Patient-derived outcome

* A priori power calculation

A priori definition of primary outcome variable

Other methodologic features examined included measurement of study
protocol compliance and assessment of whether global outcome was
included in the analysis.

were open label.?3"3? Three trials were of crossover
design.?”?13 All trials compared lactulose treatment with

either placebo (three studies)*

or comparator treat-
ments (seven studies).”’* Treatment duration ranged
from 1 to 12 weeks; only one study had a consecutive
12-week period with the same treatment.”> Most patients
in these studies were female, and five studies involved
only patients 60 and older.??"333% The definition of
constipation used for patient eligibility for these studies
varied, ranging from “simple constipation (<7 days),” to
fulfilling the Rome I criteria for functional constipation,
to having variably defined “chronic constipation.”

Three of the 10 studies reported eflicacy data from
the ITT population,”*** whereas seven reported only a
per protocol (PP) analysis.””?*%> None of the 10 studies
delineated prospectively defined primary or secondary
efficacy variables. Efficacy measures were wide ranging and
included assessments of bowel function (stool frequency,
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Table 2. Lactulose Trials

PRESCRIPTION MEDICATIONS FOR CONSTIPATION

Study

Efficacy Measures

Safety

Dettmar et al*®

Randomized, open-label, multicenter study

of ispaghula husk (n=224) vs lactulose (n=91)

or other (bisacodyl, docusate sodium, senna,
magnesium sulfate, n=79) for simple constipation
(<7 d); 4 weeks of treatment; follow-up visits at

2 and 4 weeks

TMS=5 (low quality)

Data are based on ITT population

* Bowel function: P=.01 vs lactulose and other laxatives

¢ Opverall effectiveness: P=.01 vs lactulose and other
laxatives

* Palatability: P=.05 vs lactulose and other laxatives

 Acceptability: P=.01 vs lactulose and other laxatives

Abdominal pain/griping and
diarrhea were more common
with lactulose and other
laxatives

Less diarrhea with ispaghula
husk than with lactulose and
others

Bouhnik et al®

Randomized, parallel-group, open-label, multi-
center study of lactulose (n=33) vs PEG-4000
electrolyte solution (n=29) for constipation
(Rome I criteria); 1-wk washout; 4 wks of
treatment

TMS=7 (moderate quality)

Data based on ITT population

Patient (based on daily diary card)

* Stool frequency, severity of flatus, bloating,
borborygmi, abdominal pain, P=NS

Physician (based on interview)

* Stool frequency, stool consistency, difficulty in
defecation, straining to defecate, P=NS

No significant differences
between groups

Loose stool was noted with
PEG solution
Discontinuations due to AEs

(abdominal pain, distension):
lactulose, n=4; PEG, n=3

Attar et al*

Randomized, open-label, parallel-group,
multicenter study of PEG electrolyte solution
(n=60) vs lactulose (n=55) in pts with chronic
idiopathic constipation (>3 mo with <3 stool/wk
and/or straining at stool); 4 wks of treatment

* Dose could be changed at 2 wks

TMS=8 (moderate quality)

Data based on PP population
e Stool frequency: PEG > lactulose, P=.005
* Symptom severity
* Straining at stool: PEG < lactulose, P=.0001; liquid
stool, abdominal pain, bloating, flatus, rumbling;
P=NS
Use of suppositories or microenemas:
PEG < lactulose, P=.04
Overall symptom improvement at wk 4:
PEG > lactulose, P<.001

No significant differences
between groups

Greater frequency of liquid
stools in PEG group (P<.001 for
first 2 wks of trial)
Discontinuations:

¢ PEG, n=2 (acute diarrhea with
vomiting and fever; abdominal
pain)

Lactulose, n=1 (depression)

Kinnunen et al’!

Open-label, randomized, controlled, crossover
study of bulk laxative + senna vs lactulose in
geriatric institutionalized patients (mean age
81.8 y; N=30) with 3-mo to 11-y history of
constipation (<2 BM/wk); 1-wk run-in, 5-wk
treatment period (P1). 1-wk washout, 5-wk
treatment period (P2).

TMS=5 (low quality)

Data based on PP population

* Stool frequency
Bulk laxative + senna > lactulose, P=.0006 (P1),
P=.027 (P2)

* Tendency toward greater bisacodyl use with lactulose

Greater frequency of loose stool
with bulk laxative + senna, P<.05

Discontinuations due to AEs: none

Passmore et al?’

Double-blind, randomized, multicenter crossover
study of bulk laxative + senna vs lactulose syrup
in elderly inpatients (mean age 82.9 y; N=85)
with chronic constipation (<3 BMs/wk); 2-wk
treatment, 3—5 d washout, 2-wk treatment.

TMS=5 (low quality)

Data based on PP population

e Stool consistency: bulk laxative + senna > lactulose,
P<.005

* Ease of evacuation: bulk laxative + senna > lactulose,
P=.02

* Stool frequency: bulk laxative + senna > lactulose,
P<.001

¢ Daily dose of medications exceeded more often with
lactulose, >.01

No significant differences
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Table 2. Lactulose Trials (Continued)

Study

Efficacy Measures

Safety

Rouse et al**

Open-label, randomized, parallel group, 4-wk,
multicenter study of lactulose vs ispaghula

in patients (N=124) with >3-wk history of

<3 BMs/wk

TMS=3 (low quality)

Data based on PP population (lactulose n=48;
ispaghula n=45)

Straining, abdominal pain, clinical global improve-
ment, P=NS§

Ispaghula unpalatable, P=.04 vs lactulose at day 7
Significant increase over baseline in stool frequency
in both groups, P<.0001

Significant improvement in stool consistency over

baseline in both groups, P=.027

AEs not reported

Discontinuations due to AEs:
2 in each group due to “concurrent

effect/unpalatability”

Lederle et al®

Randomized, double-blind, crossover study of
lactulose vs sorbitol in VA hospital or nursing
home patients (age >65; N=31) with >1 y history
of constipation; 2-wk lead-in with lactulose,
randomization, 2-wk washout, 4-wk treatment,
2-wk washout, 4-wk treatment

TMS=5 (low quality)

Stool frequency, stool consistency, daily dose, use of
other laxatives/enemas, treatment preference, occur-
rence and severity of bloating, cramping, flatulence,
diarrhea, fecal incontinence, constipation, P=NS
Nausea: lactulose > sorbitol, P<.05

1 patient in the lactulose group
withdrew during st treatment
period

Bass et al*

Double-blind, randomized, parallel-group study
of lactulose syrup vs placebo in primary care
patients (N= 24) with chronic constipation

(<3 BMs/wk for preceding 3 mo); 1-wk baseline
(placebo), 1-wk treatment (double-blind).

TMS=8 (moderate quality)

Data based on PP population

* Stool frequency*t3

¢ Stool volume*t

* Stool (percent moisture)*{#

* Stool fecal electrolyte content (sodium*3, potas-
sium*t, and chloride*)

* Stool consistency*§

* Improvement from baseline with lactulose, P<.05

tImprovement from baseline with placebo, P<.05

$Lactulose > placebo, P<.05

§Lactulose < placebo, P<.05

¢ Abdominal discomfort on def-
ecation at least once, lactulose
> placebo, P<.02

¢ Lactulose:
Nausea + severe diarrhea, n=1
Nausea + excessive flatulence,
n=1

¢ Placebo:
Abdominal cramps, n=1

Sanders et al®®

Double-blind, randomized study of 50%
lactulose syrup (n=20) vs placebo (n=25) in
elderly patients with constipation; 2-wk baseline,
12-wk treatment, 1-wk observation period.

TMS=8 (moderate quality)

Data based on PP population

* Presence and severity of cramping, griping,
flatulence, tenesmus, and bloating; overall relief of
above, lactulose > placebo, P<.04

* Stool frequency: both treatments improved frequency
vs baseline; lactulose > placebo, P<.02

e Fecal impaction: lactulose < placebo, P<.015

Not reported

Wesselius-De Casparis et al*®

Double-blind, randomized, multicenter study of
50% lactulose syrup (n=54) vs placebo (n=49) in
elderly patients with chronic constipation; 2-wk
baseline period, 3-wk treatment period, 2-wk
observation period (no treatment)

TMS=10 (moderate quality)

Data based on ITT population

Primary efficacy variable:

* Need for additional laxatives during the treatment
period

* Success (laxatives not needed or needed only once
during 21-day treatment period), lactulose > placebo,
P<.02

Not reported

AEs = adverse events; BM = bowel movement; ITT = intention to treat; NS = not significantly different between treatment groups; PEG = polyethylene glycol; PP = per

protocol; TMS = total methodology score.
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stool consistency, straining at stool, stool passage); pres-
ence and severity of symptoms such as flatus, bloating,
abdominal pain, and cramping; and overall effective-
ness. Details concerning efficacy measures, along with
statistically significant results, can be found in Table 2.
In general, lactulose was more effective than placebo, but
less effective than PEG or bulk laxative plus senna, at
relieving symptoms of constipation. No statistically
significant differences in adverse events associated with
lactulose compared with placebo or comparator agents
were noted. The most commonly reported adverse events
for lactulose were abdominal pain/griping (defined as col-
icky or crampy abdominal pain), bloating, diarrhea, and
gas. Discontinuations attributed to adverse events were
not reported in 5 of the 10 studies?®!33¢;
discontinuation in studies that reported them included

reasons for

depression,®® concurrent effects (not further specified),*

and “intolerance of lactulose.”**

Polyethylene Glycol 3350
Of the 14 articles involving PEG identified in the litera-
ture search, 12 were excluded. Reasons for study exclusion
included use of molecular weight formulations of PEG
other than 3350 (seven studies),”*”** use of PEG plus
electrolytes (three studies),”* analysis of the effects of
PEG in patients with secondary (opioid-induced) consti-
pation (one study),” or trials not involving actual patients
(one decision analysis).”” Careful review of the references
within the two remaining articles revealed four additional
trials for inclusion (one report® included analysis of two
different clinical trials of PEG; Table 3).%* Methodologi-
cal scores for all PEG 3350 studies ranged from 7-10,
indicating moderate quality (Table 3).

Of the six trials, five were double blinded*** and
one was partially blinded®; three trials had a crossover
design.®®® All trials compared PEG 3350 treatment with

either placebo (five studies)®*

or lactulose (one study).*
Treatment duration ranged from 1 day to 30 days, with
only a single study using a consecutive 4-week treatment
period with the same agent.*® Most patients in these
studies were female; one study involved elderly patients
(mean age, 76 years).“ As in the lactulose trials, constipa-
tion was variably defined, generally as “3 or fewer bowel
movements per week during a 1-week baseline period.”
Only one study required that constipation be present for
3 months or longer.*

Two studies reported efficacy data from the ITT pop-

748 \whereas four used PP analysis.**“** Efficacy

ulation,
measures included assessments of bowel function (stool
frequency, stool consistency, frequency of soiling, diffi-
culty defecating, straining while defecating); presence and
severity of symptoms such as flatus, bloating, abdominal

pain, and cramping; and overall effectiveness. Only one

PRESCRIPTION MEDICATIONS FOR CONSTIPATION

study prospectively defined primary (stool frequency) and
secondary efficacy endpoints.* Details concerning efficacy
measures, along with statistically significant results, can be
found in Table 3. Overall, PEG 3350 was modestly more
effective than lactulose in one study® and significantly
more effective than placebo in most parameters evaluated
in four of the other five studies.’*

Although diarrhea was the most commonly reported
adverse event in these trials, PEG 3350 was generally
well tolerated, and there were no statistically significant
differences in adverse events reported with PEG 3350
compared with placebo or comparator agents. Discon-
tinuations because of adverse events were not reported for
four of the six studies, and in the two studies that did
report discontinuations, rates were low. Specific reasons
for discontinuation were not reported.**4

Tegaserod

The literature search resulted in nine articles; however,
seven involved patients with irritable bowel syndrome
(IBS) and were excluded. The two articles’®*! that focused
solely on patients with constipation had methodologic
scores of 13 and 14 (Table 4).°>! Review of the references
within these articles revealed no additional trials that met
selection criteria. Both studies were double-blind, parallel-
group, placebo-controlled, 12-week trials. In both trials,
most patients were female, and the mean age was 46 years.
Inclusion criteria for these trials required that patients
have at least a 6-month history of constipation, defined
as an average of fewer than three complete spontaneous
bowel movements (CSBMs) per week, together with
one of the following 25% or more of the time: straining,
incomplete evacuation, and very hard and/or hard stools.
A bowel movement was defined as spontaneous if no
laxative or enema was used in the 24 hours preceding the
bowel movement and complete if the bowel movement
resulted in a sensation of complete evacuation.

Both studies reported efficacy data from the ITT
population and used a prospectively defined primary
efficacy variable. Both studies also evaluated a number
of secondary eflicacy variables, including an increase of
one or more CSBMs per week over 12 weeks of treat-
ment; stool frequency (CSBMs per week); straining; stool
form; satisfaction with bowel habits; and bothersomeness
of constipation, abdominal bloating/distension, and
abdominal pain/discomfort. Details concerning efficacy
measures, along with statistically significant results, can
be found in Table 4. Overall, there was a statistically
significant benefit of tegaserod compared with placebo in
both trials (see Table 4 for details).

Tegaserod was associated with more diarrhea than
placebo (Table 4). These episodes were generally reported
during the first week of treatment, were transient, and
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Table 3. Polyethylene Glycol 3350 Trials
Study Efficacy Measures Safety
Attar et al® See Table 2 See Table 2
Cleveland et al* Efficacy analysis based on PP population Nausea
+ Stool frequency: PEG > placebo, P=.001 « PEG: n=2

Randomized, double-blind, crossover study

of PEG vs placebo in patients (N=23) with
constipation; 1-wk placebo qualifying period,
randomization if <3 BMs during prior wk, 2-wk

e Stool consistency: PEG > placebo, P<.001
e Stool passage: PEG > placebo, P<.001

e Cramping: PEG < placebo, P<.001

* Rectal irritation: PEG < placebo, P=.001

Nausea and heartburn
¢ Placebo: n=1
Loose stool/mild diarrhea

e PEG: n=3

Randomized, double-blind, crossover study of
PEG (17 g and 34 g) vs placebo in otherwise
healthy ambulatory patients (N=50) with
constipation; 7-d qualification period (placebo),
randomization, three 10-d treatment periods

TMS=7 (moderate quality)

e Stool frequency, PEG > placebo P<.001
(dose dependent)

e Stool consistency, PEG vs placebo; P<.001

e Stool passage, PEG vs placebo; P<.001

e Stool output, PEG > placebo; P<.05
(dose dependent)

e Water output, PEG > placebo; P<.001
(dose dependent)

treatment period, 2-wk treatment period with Impaction

alternate treatment * PEG: n=1
Placebo: n=1

TMS=7 (moderate quality)

DiPalma et al‘ Efficacy analysis based on PP population AEs:

e Diarrhea (20 reports [1 with
placebo])

DiPalma et al*

Randomized, double-blind, placebo-controlled,
crossover study of PEG vs placebo for constipa-
tion in long-term care patients with special needs
from stroke or medical debility (N=35; mean
age, 75.7); 7-d qualification period (placebo),

randomization, three 10-d treatment periods

TMS=7 (moderate quality)

Efficacy analysis based on PP population

¢ Stool frequency, PEG > placebo, P=.024

* Stool consistency, PEG 12 g > placebo, P<.001
e Stool passage, PEG 12 g vs placebo, P<.001

On 17 & 34 g doses, first 5 pts
had diarrhea with very loose stool,
leading to change to 6and 12 g
for remaining pts

Discontinuations due to
adverse events:
“Several”

DiPalma et al?

Randomized, double-blind, placebo-controlled,
multicenter, parallel-group study of PEG (n=80)
vs placebo (n=71) in pts with history of constipa-
tion (<2 BMs during qualification period); 1-wk
qualification period, 14-d treatment

TMS=8 (moderate quality)

Efficacy analysis based on n=144
* Stool frequency
- Week 1, PEG > placebo, P<.01
- Week 2, PEG > placebo, P<.001
¢ Stool passage, PEG vs placebo, P =001
* Cramping, PEG < placebo, P=.0001
e Flatus, PEG < placebo, P=.0001

No differences between placebo
and PEG groups
Discontinuations due to AEs:

* Not reported

DiPalma et al®

Randomized, double-blind, placebo-controlled,
parallel-group study of PEG vs placebo in
patients >19 y with history of constipation
(Rome II criteria) (N=24); 72-hour treatment
period

TMS=10 (moderate quality)

Efficacy analysis based on ITT population
Primary efficacy variable
e Stool frequency

PEG > placebo; P=.004

AEs:

* None

Discontinuations due to AEs:
* Not reported

AEs = adverse events; BM = bowel movement; ITT = intention to treat; NS = not significantly different between treatment groups; PEG = polyethylene glycol;

PP = per protocol; TMS = total methodology score.
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Table 4. Tegaserod Trials

PRESCRIPTION MEDICATIONS FOR CONSTIPATION

Study

Efficacy Measures

Safety Measures

Kamm*®

Double-blind, randomized, placebo-
controlled, parallel-group, multicenter (123)
trial of tegaserod (2 or 6 mg BID) vs placebo
in 1,048 gastroenterology patients; Age: 218 y
(mean, 46 y); Sex: 2 mg BID dose 359 F/58
M, 6 mg BID dose 369 F/62 M, placebo 363
F/53 M; symptoms: >6-month history of
constipation (average of <3 CSBM per week,
together with 1 of the following >25% of the
time: straining, incomplete evacuation, very

hard and/or hard stools)

2-wk baseline period (no treatment)
12-wk treatment period

TMS=13 (high quality)

Data based on I'TT population

Primary efficacy variable:

* Responder rate for CSBM during the 1st 4 wks of
treatment; Responder = mean increase of 21 CSBM/wk
during the first 4 weeks of treatment; 2 mg BID dose,
P=.0059 vs placebo; 6 mg BID dose, P<.0001 vs placebo

Secondary efficacy variables:

¢ Increase of 21 CSBM/wk over 12 weeks of treatment;
6 mg BID dose, P<.0001 vs placebo

Stool frequency:

* CSBMs/wk; 6 mg BID dose > placebo, P<.0001

* SBMs/wk; Both doses > placebo, P<.0001

* BMs/wk; Both doses > placebo, P<.0001

Straining:

* 6 mg BID dose < placebo, <.0001

Stool form:

* Both doses improve vs placebo, P<.0001

Satisfaction with bowel habit:

* 6 mg BID dose > placebo, P<.0001

* 2 mg BID dose > placebo, P<.05

Bothersomeness of constipation:

* 6 mg BID dose < placebo, P<.0001

* 2 mg BID dose < placebo, P<.05

Bothersomeness of abdominal bloating/distension:

* Both doses < placebo, P<.05

Bothersomeness of abdominal pain/discomfort:

* Both doses < placebo, P<.05

AEs = NS between groups

Diarrhea:
¢ 6 mg bid group > placebo,
P=.0072

Discontinuations due to AEs:

* n=68 (5.4%),NS between
groups

* due to diarrhea in any treatment

group, <1%

Johanson®!

Double-blind, randomized, placebo-controlled
trial tegaserod (2 or 6 mg bid vs placebo) in
1085 pts; age: 318 y (mean, 46 y); sex: 2 mg
bid dose 400 F/50 M, 6 mg bid dose 406

F/45 M, placebo 407 F/40 M; symptoms:
36-month history of constipation (average

of <3 CSBM per week, together with 1 of

the following 225% of the time: straining,
incomplete evacuation, very hard and/or hard
stools)

2-week baseline period
12-wk treatment period

TMS=14 (high quality)

Data are based on ITT population

Primary efficacy variable:

* Increase of 21 CSBM/wk during the 1st 4 wks of
treatment; Responder = mean increase of 21 CSBM/wk
during the first 4 weeks of treatment; Both doses, P<.05
vs placebo

Secondary efficacy variables:

* Increase of 21 CSBM/wk over 12 weeks of treatment;
Both doses, P<.05 vs placebo

Stool frequency:

* CSBMs/wk; 6 mg BID dose, P<.0001

* SBMs/wk; Both doses, P<.0001

¢ BMs/wk; Both doses, P<.0001

Straining:

* 6 mg < placebo, P<.05;

Sense of complete evacuation:

* 6 mg > placebo, P<.05

Stool form:

* 6 mg improved vs placebo, P<.05

Satisfaction with bowel habit:

* 6 mg > placebo, P<.05

Bothersomeness of constipation:

* 6 mg < placebo, P<.05

Bothersomeness of abdominal bloating/distension:

* 6 mg < placebo, P<.05

Bothersomeness of abdominal pain/discomfort:

* Both doses, P<.05

AEs = NS between groups

Diarrhea: 2 mg BID dose, 4.5%;
6 mg BID dose, 7.3%;
Placebo, 3.8%

Discontinuations = NS btween
groups

2 mg bid dose, 3.1%; 6 mg bid
dose, 3.8%; placebo, 2.5%

Due to diarrhea:
2 mg bid dose, 0.4%; 6 mg bid
dose, 0.9%; placebo, 0%

AEs = adverse events; CSBM = complete spontaneous bowel movement; ITT = intention to treat; NS = not signiﬁc;mtly different between treatment groups; TMS = total

methodology score.
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did not result in hospitalization or electrolyte imbalances.
Discontinuation attributed to diarrhea with tegaserod was
less than 1%.

Lubiprostone

The literature search resulted in 13 published abstracts
reporting data from 11 trials. No published manuscript
reporting the results of a clinical trial with lubiprostone
is yet available. Nine of the abstracts were excluded for
the following reasons: two included patients with IBS'
or involved patients with drug-induced constipation'’s
two did not specify that the trial was conducted in
patients 218 years of age and did not report a mean age
for included patients'"'%; four were retrospective, pooled

]5,16,18,19; and one

analyses of previously reported results
study was not randomized.” The four eligible abstracts
reported on 3 randomized, placebo-controlled trials in
constipated patients®!*!%; two abstracts reported on the
same trial.'">® One trial was a dose-finding study that
consisted of a 2-week baseline period and a 3-week active
treatment period.® The other two studies were identical
phase III trials and consisted of a 2-week baseline period,
a 4-week treatment period, and a 2-week drug-free fol-
low-up period.”!®" Inclusion criteria for these trials
required that patients have at least a 6-month history of
constipation, which was defined as an average of fewer
than three SBMs per week, together with one of the fol-
lowing 25% or more of the time: straining, incomplete
evacuation, and/or hard stools. All trials reported results
for the ITT population, prospectively used SBM fre-
quency as a measure of efficacy, and reported 24-hour
response using SBM. A number of secondary efficacy
variables, including straining and stool consistency, were
also measured. One study reported assessments of bloat-
ing and global assessment of constipation severity,® and
another reported results of subjects’ global assessments
of treatment effectiveness.” Details concerning efficacy
measures, along with statistically significant results, can
be found in Table 5.5%13 Overall, there was a statistically
significant benefit of lubiprostone compared with placebo
in all three trials.

In all randomized clinical trials of lubiprostone, the
incidence of nausea in patients receiving lubiprostone was
significantly higher than in those receiving placebo.®*'?
In the dose-ranging study,® no statistically significant dif-
ferences were noted in the lubiprostone versus placebo
groups with regard to the number of patients discontinu-
ing treatment as a result of adverse events. A total of 24
(10%) patients were discontinued from the lubipros-
tone treatment groups because of adverse effects in the
phase III trials of this agent, compared with two (0.8%)
of those receiving placebo.”'®!® Gastrointestinal adverse
effects accounted for 75% of the adverse effects prompt-
ing withdrawal from these trials (Table 5).

Discussion

In years past, physicians largely relied on isolated, small
research studies, anecdotal reports, and their own clinical
experience to guide their practice. Evidence-based clini-
cal practice provides physicians with the opportunity to
evaluate therapeutic options using standardized assess-
ment rules. Although some decry this approach because
it appears to ignore the individual patient in favor of
focusing on trends and effects involving large groups of
patients, critical assessment of the medical literature using
evidence-based rules (through comprehensive reviews,
meta-analyses, and systematic reviews) will continue to
have significant impact on the practice of medicine.

The treatment of constipation is an ideal topic for a
systematic review because of the high prevalence of this dis-
order, its negative impact on quality of life, its high direct
and indirect costs, and the multiple therapeutic agents
available for its treatment. Although several medications are
now FDA approved for the treatment of constipation, an
objective review of the data supporting their use has been
lacking. In this systematic review, we analyze the published
data for the four medications—lactulose, PEG 3350,
tegaserod, and lubiprostone—currently approved by the
FDA for use in adults with constipation. The literature was
carefully reviewed and analyzed to answer the following
questions: (1) Are quality data available to support their
efficacy and safety? (2) What types of patients (those
with acute/occasional versus chronic constipation) were
included in the clinical trials that demonstrated efficacy?
(3) What is each drug’s mechanism of action?

Lactulose

Lactulose is a nonabsorbable, synthetic disaccharide com-
posed of the sugars D-galactose and D-fructose, which
are fermented in the colon by bacteria. Products of this
fermentation are primarily organic acids, such as lactic
acid and small-chain fatty acids, that increase the osmotic
load to the gut, thereby stimulating peristalsis (Figure 1).%*
Our review reveals that few high-quality data support the
use of lactulose in treating patients with constipation,
either on an acute or a chronic basis. Methodology scores
in evaluable studies ranged from 3-10, indicating weak
to moderate evidence supporting its use in patients with
constipation. Only three of the 10 published clinical trials
of lactulose?¢ compared it with placebo, a critical com-
parison when determining a drug’s true efficacy. These
three trials***® had small sample sizes (30-150 patients
each), and two of them involved only elderly patients.
Furthermore, constipation was variably defined in these
studies—two required three or fewer bowel movements
per week (one for 3 months or more), and the other
required regular laxative use for chronic constipation.
Two of the three studies were of short duration (1 and
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Table 5. Lubiprostone Trials
Study Efficacy Measures Safety Measures
Johanson® Data based on ITT population Most common AEs:

Randomized, placebo-controlled, dose-
ranging study of lubiprostone (24 pg/d,

48 pg/d, or 72 pg/d vs daily placebo) in 127
constipated patients; Symptoms: <3 SBMs/wk
and 6 months of at least one protocol-defined
symptom (straining, hard stools, or sensation
of incomplete evacuation) 25% of the time

3-wk treatment period

TMS=8 (moderate quality)

Average weekly number of SBMs:
Significant increase during weeks 1 and 2 for 48 pg/d and
72 pg/d doses vs placebo.

Percentage of patients with SBM within 24 hours:
Significantly more patients in 48 pg/d and 72 pg/d groups

vs placebo

Stool consistency, bloating, and global assessment of
constipation severity: statistically significant improvement
in patients receiving lubiprostone versus placebo

nausea, headache, diarrhea,
bloating

Incidence of nausea was statistically
significantly higher in patients
receiving lubiprostone vs placebo.

Discontinuations due to AEs:
nausea (which increased in a dose-
dependent fashion) resulted in four
treatment discontinuations, equally
distributed among the treatment
groups

Undisclosed number of patients
in the placebo group (none in the
lubiprostone group) withdrew due

to lack of efficacy

Johanson’

Multicenter, randomized, placebo-controlled
trial of lubiprostone 24 pg bid vs placebo

bid in 242 constipated patients; mean age,
48.6 y; sex: 10% M/90% F; Symptoms: <3
SBMs/wk and 6 months of at least one Rome
II criterion for functional constipation

2-wk drug-free baseline
4-wk treatment period

2-wk drug-free follow-up period

TMS=13 (high quality)

Data based on ITT population

SBM frequency: lubiprostone > placebo at all weeks,
P<.002

Time to first SBM/lubiprostone (57%) vs placebo (37%)
within 24 hours of first dose, P=.0024

Improvement in straining and stool consistency:
lubiprostone > placebo at all weeks, P<.001

Global assessment of treatment effectiveness: lubiprostone
> placebo during the entire 4-wk treatment period,
P<.0001 at all weeks

Most common AEs: nausea,
diarrhea, headache

Discontinuations due to AEs:
Lubiprostone = 9 patients
Placebo: not reported

Johanson'*"?

Multicenter, double-blind, randomized,
placebo-controlled trial of lubiprostone

(24 pg bid) vs placebo bid in 237 constipated
patients; mean age, 45.8 y; sex: 12%

M/88% F; Symptoms: <3 SBMs/wk and

6 months of at least one Rome II criterion for
functional constipation

2-wk drug-free baseline
4-wk treatment period

2-wk drug-free follow-up period

TMS=13 (high quality)

Data based on ITT population

SBM frequency: lubiprostone > placebo at all weeks,
P<.002

Time to first SBM/lubiprostone (61%) vs placebo (31%)
within 24 hours of first dose, P<.0001

Improvement in straining and stool consistency:
lubiprostone > placebo at all weeks, P<.001

Most common AEs: nausea,

diarrhea, headache

Discontinuations due to AEs:
Lubiprostone = 15 patients
Placebo: not reported

AEs = adverse events; SBM = spontaneous bowel movement; ITT = intention to treat; TMS = total methodology score.
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Figure 1.  Mechanism of action of lactulose. Figure 3. Mechanism of action of tegaserod.

5-HT = serotonin.

Figure 2. Mechanism of action of polyethylene glycol. Figure 4. Mechanism of action of lubiprostone.

GI = gastrointestinal; PEG = polyethylene glycol.
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3 weeks), did not prospectively define primary or second-
ary efficacy measures, and only reported efficacy results
based on PP analysis. In the study that did use a prospec-
tively defined primary endpoint, the endpoint was the
need for additional laxatives during the treatment period
and did not include bowel habit—specific parameters such
as stool frequency or consistency.

PEG 3350

PEG is a nonabsorbable, nonmetabolized osmotic agent
that retains water in the stool, softening the stool and
increasing the number of bowel movements (Figure 2).%
PEG 3350 has gained popularity as a therapy for patients
with constipation. Review of the published literature
revealed five placebo-controlled trials and one trial com-
paring PEG 3350 with lactulose in adults with constipa-
tion; methodologic scores ranged from 7-10, indicating a
moderate evidence base supporting its use in patients with
constipation.’* % Three of the five studies used a crossover
design, ¥4
peutic efficacy of a medication. This is especially true in

which is not optimal for evaluating the thera-

the evaluation of medications for functional GI disorders,
where the use of crossover design tends to accentuate the
relatively high placebo response rate.” Although constipa-
tion was more consistently defined in the studies of PEG
3350 relative to the lactulose studies, only one PEG 3350
study evaluated patients with functional or chronic con-
stipation (as defined by the Rome I criteria).*® The major
limitation of this study was its short treatment course—a
single dose. All five placebo-controlled studies involved
small sample sizes of fewer than 100 patients each, one
involved elderly patients,** four of the five did not use
prospectively defined primary or secondary efficacy mea-
sures, % and three of the five reported efficacy results
based on PP analysis.“* Like lactulose, PEG 3350 has an
onset of action between 24 and 48 hours. Although it is
frequently used in clinical practice, high-quality evidence
to support the use of PEG 3350 in patients with chronic
constipation is lacking.

Tegaserod

In contrast to lactulose and PEG 3350, which primarily
affect stool form, tegaserod affects GI motility, secre-
tion, and sensation. Tegaserod mimics serotonin by
serving as a partial agonist at specific serotonin receptors
(5-hydroxytryptamine type 4) distributed throughout the
enteric nervous system. Stimulation of these receptors
leads to the release of other neurotransmitters, ultimately
resulting in enhanced peristaltic contractions, increased
intestinal secretion, and reduced visceral hypersensitivity
(Figure 3).>% The two clinical trials involving tegaserod for
the treatment of patients with constipation were of high

PRESCRIPTION MEDICATIONS FOR CONSTIPATION

quality, with methodologic scores of 13 and 14.°%°! Each
trial involved a large number of patients (>1,500 in each
study), was placebo-controlled and double-blinded, had
consistently defined definitions of chronic constipation,
and had prospectively defined primary and secondary effi-
cacy measures. In addition, the studies were of acceptable
duration (12 weeks). Patients can generally expect to have
a spontaneous bowel movement within approximately
20 hours,’* and tegaserod has demonstrated benefits in
relieving the multiple symptoms of chronic constipation,
including straining and bloating.

Lubiprostone

Lubiprostone is a bicyclic fatty acid.” It works by locally
activating the type 2 chloride channel (located in the apical
intestinal membrane), thereby increasing intestinal fluid
secretion without changing electrolyte concentrations in
serum.” Lubiprostone appears to enhance stool passage
by increasing intestinal motility and by softening the
stool (Figure 4).>>>° The manual search for lubiprostone
abstracts produced three trials of moderate to high quality,
with methodologic scores ranging from 8-13.5'%" Two of
these trials were identically designed phase III trials, and
one was a dose-ranging study. All trials were placebo con-
trolled and had similar inclusion criteria. A statistically
significant benefit of lubiprostone compared with placebo
was demonstrated in all trials. All these trials, however,
included relatively small populations and were of short
treatment duration (3 and 4 weeks). Open-label data
regarding the effects of lubiprostone over 24 weeks indi-
cate that it is associated with a durable response for those
patients who respond to and tolerate this medication.”
Because clinical data have only been published in abstract
form and clinical use of lubiprostone has been extremely
limited, firm conclusions regarding clinical applicability
and treatment differences in patients with chronic consti-
pation cannot be made at this time.

Application of the findings from this review to clini-
cal practice is highly dependent on the physician’s clinical
judgment and experience. The approach to managing con-
stipation should be individualized, keeping patient symp-
toms and treatment goals in mind. The evidence-based
data presented here help put into perspective the amount
and quality of clinical trial data for each of the currently
available FDA-approved treatment options for adults with
constipation. As demonstrated, high-quality evidence to
support the use of lactulose in treating patients with con-
stipation is lacking. Its mechanism of action and adverse
effect profile support its use only in those with acute or
occasional constipation. Similarly, evidence is lacking
to support PEG 3350 for use in patients with chronic
constipation. Its mechanism of action appears to be most

Gastroenterology & Hepatology Volume 2, Issue 10 October 2006 747



CASH AND LACY

suited to patients with intermittent, rather than chronic,
symptoms. No published data have reported the effects
of tegaserod or lubiprostone as therapies for occasional
constipation; thus, among the FDA-approved medica-
tions, PEG 3350 has the highest quality of demonstrated
efficacy for patients with nonchronic constipation.

Convincing evidence—in the form of high-quality,
methodologically sound clinical trials—supports the use
of tegaserod and lubiprostone in patients with chronic
constipation. Data from the clinical trials of lubiprostone
have only been reported in abstract form, and the drug
has only recently been approved and marketed, two facts
that necessarily limit conclusions about this drug’s future
role in the treatment of constipation. Current evidence
supports a role for lubiprostone in adults with chronic
idiopathic constipation, but concerns regarding toler-
ability remain. For patients with chronic constipation,
tegaserod has the soundest clinical evidence and experi-
ence basis to support its use.

A notable limitation of this review is the lack of
comparable publications for all four agents evaluated.
Because lubiprostone is a newly approved agent, we felt
it was important to provide available data from trials that
fit inclusion criteria (with the exception of publication
status). We chose not to include a review of published
abstracts for the other three agents because data from
published manuscripts were viewed as a more complete,
reliable data source.

Conclusion

Given the dearth of evidence-based efficacy data from
high-quality clinical trials in patients with constipation,
future research efforts should focus on designing stud-
ies in line with recognized and accepted methodologic
parameters, including a clearly defined patient population
(fulfillment of Rome criteria), adequate sample size and
trial duration, and patient-derived outcomes. Important
strides have been made in the past several decades in the
design of novel molecular entities that target potential
pathophysiologic factors underlying constipation (GI
serotonergic agents, opioid receptor antagonists, chloride
channel activators). Hopes are high that such efforts will
continue and ultimately will lead to an enhanced under-
standing of constipation and a wider treatment armamen-
tarium for patients with acute and chronic symptoms.
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