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Abstract Tegaserod is a new partial agonist of serotonin 5-HT4 receptors specifically

developed for the treatment of nondiarrhoeal forms of irritable bowel syndrome
(IBS). Among its various effects is the stimulation of the peristaltic reflex with its
promotility action appearing to affect the whole length of the gastrointestinal tract.
Tegaserod has been assessed in a number of international multicentre trials and its
use leads to an improvement in abdominal pain and bowel dysfunction as well as
global well-being, at the expense of remarkably few adverse effects. It is notewor-
thy that it also appears to improve bloating, a benefit that has not been previously
reported for a medication used in IBS. The optimal dose is 6mg twice daily and the
advantage of tegaserod over placebo in different trials varies from 5-20% with the
number needed to treat ranging from 5-15 depending on the time at which this
effect is calculated during the course of a trial. Recent experience with other drugs
acting on 5-HT receptors has focused attention on possible safety issues such as
prolongation of the QTc interval on the electrocardiogram and ischaemic colitis.
However, data from efficacy trials and studies specifically designed to address the
safety of tegaserod have not revealed any evidence of cardiotoxicity or the
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potential for causing ischaemic colitis. Furthermore, investigation of possible
interactions with other drugs such as warfarin or the oral contraceptive have not
resulted in any prescribing restrictions. Inappropriate prescription of tegaserod to
a subgroup of IBS patients for which the drug was not designed, does not appear to
have any serious consequences. Most of the efficacy data on tegaserod has been
accumulated in females, simply as a result of the failure to recruit adequate
numbers of males or restriction of trials to females. There is therefore insufficient
information to assess whether there might be any potential gender differences in
responsiveness. For this reason, the drug is currently only licensed for use in

females.

Irritable bowel syndrome (IBS) is the most fre-
quently encountered condition in hospital gas-
troenterological practice!'?! and accounts for >10%
of community practice visits.®] The condition af-
fects approximately 10% of the Western population
with a female to male predominance of approxi-
mately 2 : 1.1 The diagnosis is based on satisfac-
tion of established symptom-based diagnostic crite-
ria, of which several exist,>7 together with limited
investigation to exclude other diseases.’® The syn-
drome can be classified as diarrhoea-predominant,
constipation-predominant or alternating subtypes
depending on the predominant bowel habit. Preva-
lence rates and gender ratios are generally similar
among different subtypes of IBS, except that the
constipation-predominant IBS is more common
among females than males.”!

The majority of patients with IBS report at least
one symptom on most days. Although the severity of
symptoms may vary, the disease frequently causes
clear impairment in quality of life and often loss of
normal social functioning.['! Indeed, quality of life
may be impaired to a similar degree to serious
chronic diseases such as dialysis-dependent renal
failure.[''! Treatment has always been unsatisfac-
tory, and has traditionally involved using individual
drugs targeted at particular symptoms, frequently
resulting in polypharmacy. Over the past few years,
several new drugs modulating serotonin receptors
have been developed that offer the possibility of
improving the multiple symptoms of IBS with one
treatment. The first of these to reach the marketplace
was alosetron, a serotonin 5-HT3 receptor ant-
agonist, and subsequently tegaserod a 5-HT4 recep-
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tor partial agonist. This review will focus on tegaser-
od paying particular attention to the benefits and
risks of treatment.

1. Serotonin and Receptors

Serotonin is an important neurotransmitter in the
brain gut axis and its actions are reviewed in detail
elsewhere.[!?! Ninety-five percent of serotonin in the
body is found within the gastrointestinal tract, pri-
marily within the enterochromaffin cells. The physi-
ological effect of the molecule is complex since this
depends on activation of seven different classes of
receptors with at least 21 subtypes. In the gut 5-HT
receptors are present on gut neurones, smooth
muscle cells and enterochromaffin cells, and of
these the most important are the 5-HT3 and 5-HT4
receptors.

Stimulation of the 5-HT3 receptor may result in
smooth muscle contraction or relaxation, depending
on whether excitatory or inhibitory neurotransmit-
ters are released. It also results in fluid and electro-
Iyte secretion into the gut lumen. Additionally,
5-HT3 receptors may have a role in visceral sensa-
tion, since receptors are present on vagal and spinal
afferents, and in the control of vomiting since recep-
tors are also present in central emesis centres.

In the gut, 5-HT4 receptors are present within the
myenteric plexus, smooth muscle cells, entero-
chromaffin cells, and primary afferent nerves. Acti-
vation results in modulation of the peristaltic reflex
and fluid and electrolyte secretion.!3] The 5-HT4
receptors are also present in the heart!'* (where they
mediate an increase in heart rate and the force of
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atrial contraction), the adrenal cortex (where they
increase aldosterone secretion),!' and in the blad-
der (where they mediate an increase in detrusor
tone).l'°!

As is true of all transmitters, an efficient removal
mechanism for 5-HT is necessary following release
of the molecule, in order to prevent continuous
activation of its associated receptors. Since 5-HT is
highly charged it does not readily cross plasma
membranes, which is necessary for intracellular
deactivation to occur, and this process is facilitated
by specialised transporter proteins. Although there
are several of these, the most important is the seroto-
nin reuptake transporter protein (SERT), which is
inhibited by the selective serotonin reuptake inhibi-
tor and tricyclic group of antidepressants. Recent
reports have identified differences in the genotypes
coding for SERT in patients with diarrhoea- and
constipation-predominant subtypes of IBS,[!”! and
have also suggested a role for genetic polymorph-
isms in the SERT promoter region in influencing the
response to serotonergic receptor modulating drugs
in IBS patients.[!®]

2. Drug Trials in Irritable Bowel Syndrome

Early treatment trials in IBS have been criticised
for methodological shortcomings.!'”! Many of these
were conducted over a short period of time and
involved only small numbers of patients. However
for many reasons IBS is an inherently difficult con-
dition in which to study the effects of therapy. First
of all, until recently, a lack of accepted criteria for
the diagnosis of IBS has resulted in a heterogenous
patient population being enrolled into some studies.
Symptoms of the condition tend to be multiple and
naturally fluctuate over time; thus, validated out-
come measures were poorly defined. The placebo
response of up to 80% is notoriously high, and
sometimes surprisingly long lasting.?>?!7 Finally
there is a high patient drop-out rate in many studies,
i.e. up to 60% in some studies.??! These difficulties,
which make treatment effect difficult to substanti-
ate, have recently been addressed by an international
expert committee which has formulated guidelines
for the investigation of treatments in functional gas-
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trointestinal disorders.[?”) The recent trials assessing
efficacy of the serotonin-receptor modulating drugs
have been conducted in accordance with these
guidelines.

3. The History of
Serotonergic-Modulating Drugs

Cisapride was one of the first serotonergic-modu-
lating drugs to be introduced specifically targeted at
the gut. At the time of its launch the mechanism of
action had not been defined, although it subsequent-
ly became clear that the drug antagonised 5-HT3
receptors and also acted as an agonist on 5-HT4
receptors. Cisapride accelerated gastric emptying,
enhanced gastric accommodation and reduced intes-
tinal transit time!>’! and was mainly used as an
adjunct in treating gastro-oesophageal reflux dis-
ease, but the drug also found a place in the therapy
of functional dyspepsia and of IBS, achieving annu-
al sales in excess of $US1 billion.?*! By the late
1990s, concern was being raised over the potential
for cisapride to cause serious ventricular arrhyth-
mias via a mechanism involving prolongation of the
QT interval of the ECG secondary to blockade of the
rapid component of the delayed potassium rectifier
channel in cardiac ventricular myocytes. By 1999
when the drug was essentially withdrawn, there had
been reports of over 300 cases of arrhythmias and of
80 deaths.[4

Alosetron is a potent 5-HT3 receptor antagonist,
which is capable of increasing small bowel fluid and
electrolyte absorption? and slowing intestinal
transit in humans.?®! There is also some laboratory
evidence of visceral analgesic properties in ani-
mals.?”] Alosetron was approved by the US FDA in
February 2000 for the treatment of diarrhoea-pre-
dominant IBS in females. However, a number of
episodes of ischaemic colitis had occurred in pa-
tients taking the drug in the prelicensing trials, and
by November 2000 70 serious adverse events had
been reported, including 49 cases of ischaemic coli-
tis.?*! Of these, 34 patients were hospitalised, ten
required surgery and five died. It eventually became
clear that approximately one case of ischaemic coli-
tis occurred for every 700—-1000 patients prescribed
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alosetron, whilst severe constipation requiring sur-
gery affected about 1 in 10 000 people taking the
drug.l3! In November 2000, Glaxo Wellcome vol-
untarily withdrew alosetron from the market; how-
ever, it has recently been reintroduced on a restricted
basis.

Subsequent to these major set backs no other
5-HT3 antagonist has yet reached the marketplace.
However, tegaserod, which acts only on the 5-HT4
receptor and not the 5-HT3 receptor, is now licensed
in some countries. Prucalopride, renzapride,
mosapride and cilansetron are all 5-HT active drugs,
which remain in varying stages of development.

4. Chemical Nature and Development
of Tegaserod

Tegaserod is the first of a new class of com-
pounds called the aminoguanidine indoles. Tegaser-
od, also called HTF919 (Zelmac®! or Zelnorm®)
was modelled on serotonin and retains a similar
molecular structure. The alkylamine side chain was
restricted to make the drug more selective, the pri-
mary amine was replaced with a basic moiety to give
the drug stability against metabolic degradation and
a high molecular polarity was incorporated to avoid
penetration into the CNS. 128

Tegaserod is a selective 5-HT4 receptor partial
agonist, and has no effect on 5-HT3, muscarinic,
adrenergic, dopaminergic or opiate receptors.!>!
Compared with serotonin, which has 100% intrinsic
activity, tegaserod possesses 21% activity.”” A par-
tial agonist is capable of submaximal stimulation of
a receptor and may displace a full agonist through
competitive inhibition. Theoretically this partial ag-
onist activity may be beneficial because of a reduced
tendency to produce receptor desensitisation, which
could lead to tachyphylaxis, or to the development
of tolerance. In addition, a partial agonist may act as
an antagonist when receptor occupancy with the
endogenous ligand is high, and as an agonist when
the occupancy is low.3% Thus, a partial agonist may
also be preferable because it provides a balanced
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modulation of 5-HT4 receptors, and is therefore
more likely to normalise gut function.B!32]

5. Mechanism of Action

Tegaserod stimulates the peristaltic reflex via a
mechanism involving activation of gut intrinsic pri-
mary afferent neurons, which act to relay sensory
information from the mucosa to inter-neurons with
connections to gut motor neurones.** Cephalad
smooth muscle contraction is initiated via excitatory
inter-neurones using acetylcholine and substance P,
whilst caudad smooth muscle relaxation is permitted
via inhibitory inter-neurones using vasoactive intes-
tinal polypeptide, pituitary adenyl cyclase-activat-
ing peptide or nitric oxide. The net effect is stimula-
tion of peristalsis and augmented motility. Addition-
ally tegaserod promotes chloride and water
secretion in the large intestine,’®¥ which could result
in a softening of stool consistency.

6. Preclinical Studies Using Tegaserod

Experiments conducted in animals have demon-
strated that tegaserod possesses potent pro-motility
actions affecting the whole of the gastrointestinal
tract. For example, studies in dogs have shown a
dose-dependant stimulation of gastric, small intesti-
nal and colonic motility,>! and complete reversal of
experimentally induced impaired gastric emptying
in rats and of impaired colonic motility in mice.?! A
study in cats, which measured firing rates of spinal
afferent nerves during gut distension, suggested that
tegaserod may also act as a visceral analgesic,*®! a
view which has been supported by a recent study in
healthy human volunteers.3”

Preclinical safety pharmacology data were ini-
tially collected from anaesthetised and conscious
dogs. Tegaserod had no effect on blood pressure,
heart rate or respiration and led to no ECG abnor-
malities.”® Using isolated Langendorff-perfused
rabbit hearts as a model, one study assessed the
effect of cisapride, erythromycin and tegaserod on
cardiac repolarisation. Unlike cisapride, tegaserod
had no effect on the QT interval of the ECG in doses

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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up to 500- to 5000-fold higher than the clinical
dose.B® Although plasma levels of cortisol and pro-
lactin may be increased after high doses of tegaser-
od, this is unlikely to occur at therapeutic doses, and
no changes in other pituitary or sex hormones, or in
blood glucose levels have been observed in rats
administered the drug.[?®

Toxicity studies have been carried out in a variety
of laboratory animals.[®! No chronic toxicity was
observed following administration of quantities at
least 30-fold higher than the equivalent human ther-
apeutic dose in mice, rats or dogs. The LDsg (that is
the lethal dose for 50% of the animals studied if all
of the drug were to be given simultaneously) was
over 1300-fold higher than the equivalent human
therapeutic dose. In rats there were no effects on
fertility or on pre- and post-natal development at
10-fold higher than the equivalent human dose. Ap-
proximately 30 human females have become preg-
nant whilst taking tegaserod, all subsequently deliv-
ering normal babies;?8! however, it is known that
tegaserod crosses in to breast milk, and therefore
should be avoided by lactating females.?®! Tegaser-
od has now been granted a pregnancy category B by
the FDA.

7. Pharmacokinetic Studies in Humans

Tegaserod is rapidly absorbed following oral ad-
ministration, reaching peak plasma concentration
about 1 hour after ingestion. Absorption after oral
administration is reduced following ingestion of
food (by about 40-65%) and in the presence of acid
(approximately 20% of the administered drug un-
dergoes acid hydrolysis in the stomach).[**) Multiple
administration follows a dose-proportional pharma-
cokinetic profile, with no evidence of accumula-
tion.Y Following absorption tegaserod is 98% plas-
ma protein bound and is widely distributed through-
out the body (volume of distribution at steady state
of 368 + 223L), although little passes through the
blood brain barrier which limits central adverse ef-
fects.?%! Tegaserod has an estimated terminal elimi-
nation half-life of 11 = 5 hours and approximately
two-thirds of ingested drug is excreted unchanged in
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the faeces.?”! The hydrolytic compound and the
unchanged form of tegaserod are eventually excret-
ed after glucuronidation in the urine, the main me-
tabolite being 5-methoxyindole-3-carboxylic acid
glucuronide.®! There is no evidence of accumula-
tion of the standard dose in the elderly or in patients
with liver cirrhosis or severe renal failure;?'! how-
ever, a prudent approach is clearly indicated in
patients with advanced co-morbidity.

8. Drug Interaction Studies

Several drug interaction studies have been per-
formed. One of these, which co-administered warfa-
rin and tegaserod in a randomised, open-label cross-
over study involving 12 healthy volunteers, reported
no significant changes in mean or maximal pro-
thrombin times.*!) A trial with oral contraceptives
was conducted in healthy women across three men-
strual cycles using a randomised, placebo-controlled
crossover design. Coadministration of tegaserod did
not affect ethinylestradiol, but did result in an 8%
decrease in systemic exposure to levonorgestrel;
however, this was not felt likely to cause a clinically
relevant reduction in contraceptive efficacy.[*?
Digoxin was also assessed for an interaction with
tegaserod, employing a study protocol resembling
that used for warfarin. Slightly reduced plasma con-
centrations of digoxin were noted during coadmin-
istration of the two drugs,* although again this was
also not thought to be clinically relevant. A study in
18 healthy volunteers randomised to receive either
tegaserod or theophylline using a crossover design
found a reduced conversion of theophylline to
I-methyluric acid, which was not thought to be
clinically relevant, but no other important changes
in clearances were seen when both drugs were giv-
en, compared with theophylline given alone.™¥ Fi-
nally a study of similar design was carried out with
dextromethorphan (a prototype substrate for cyto-
chrome P450 2D6 enzymes that metabolise drugs
such as fluoxetine and omeprazole) in 18 healthy
volunteers and found no evidence of a significant
interaction.[*!]

Drug Safety 2004; 27 (4)
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9. Clinical Studies

Two early studies were carried out in patients
with IBS, a dose-ranging study (B251) and a
dose-titration study (B202),[4°! both using tegaserod
0.5mg, 2mg, 6mg or 12mg twice daily for 12 weeks,
but neither has yet been published in full. Results
from these studies indicated that the use of tegaserod
was associated with an improvement in overall gas-
trointestinal symptoms. The optimal dosages ap-
peared to be 2mg and 6mg given twice daily, and
these were chosen for further evaluation.

Design of the major efficacy trials for tegaserod
have complied with recommendations on the design
of treatment trials for functional gastrointestinal dis-
orders made by the Rome international working
team.??l The quality of these studies was considered
to be very high when judged by agreed standards of
assessing clinical trials.*”! They were all random-
ised, placebo-controlled trials carried out both in
hospital and community settings, in Europe, North
America and Australasia, and included only patients
meeting Rome diagnostic criteria.l”) Following a
placebo-free run-in period, a full 12 weeks of treat-
ment with tegaserod or placebo was given, and the
primary endpoint was clearly defined using the sub-
jective global assessment (SGA) of relief. Two stud-
ies, B351M8 and B301™! used doses of tegaserod
2mg or 6mg twice daily, compared with placebo,
and a third study, B358,% compared placebo with a
fixed dose of tegaserod 6mg twice daily (since the
first two studies had concluded that this was the
most effective dose). This study also included a
4-week treatment withdrawal observation period to
assess the effect of stopping the drug. Another
study, B30728 used a dose-titration protocol involv-
ing either placebo, tegaserod 2mg twice daily, or if
there had been no response to this dose after 4
weeks, then tegaserod 6mg twice daily. Recently, a
fifth study in an Asia-Pacific population has been
published which differed in design from the pre-
vious phase III trials.’! In this study tegaserod 6mg
twice daily was given for 12 weeks, although the
run-in period was only 2 weeks and the washout
period was 4 weeks.’! This study used a different
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Lea & Whorwell

SGA with a different endpoint as discussed in sec-
tion 9.1.

9.1 The Subjective Global Assessment

The SGA reflects the patients own assessment of
their condition, and can be applied to overall well-
being, which was considered the primary outcome
variable in the phase III studies, or particular symp-
toms such as abdominal pain/discomfort and satis-
faction with bowel habit. The SGA of relief involves
asking subjects to respond to the following question:
“Please consider how you felt this past week in
regard to your IBS, in particular your overall well
being, and symptoms of abdominal discomfort, pain
and altered bowel habit by choosing one of the
following responses: (i) completely relieved; (ii)
considerably relieved; (iii) somewhat relieved; (iv)
unchanged; or (v) worse”. The SGA for relief was
measured weekly. Supplementary indices of abdo-
minal pain or discomfort, bloating and stool fre-
quency/consistency were also assessed daily. The
Asia-Pacific study®! used a different SGA which
required subjects to give a binary response of ‘yes’
or ‘no’ to the question: “over the past week do you
consider that you have had satisfactory relief from
your IBS symptoms?”

Global parameters of IBS, such as the SGA for
relief have been recommended for use in clinical
trials because they are able to capture the multiple
symptoms of IBS in a single measure.P?' Although
measurement of individual symptoms is useful, it
may not accurately reflect an overall change in
symptomatology because of the fluctuating course
of IBS over time.5? The SGA of relief has been well
validated and an improvement in the SGA correlates
with an improvement in secondary endpoints such
as abdominal pain and stool frequency and consis-
tency.[49>3)

9.2 Definition of a Responder to Tegaserod

Early efficacy trials defined a responder as an
individual who obtained at least considerable relief
as judged by their SGA score for at least 2 of the
final 4 weeks of the treatment period, or as an
individual whose symptoms were at least somewhat

Drug Safety 2004; 27 (4)
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relieved for all of the final 4 weeks. In addition, a
monthly responder could be defined as a positive
response to tegaserod for any given 4-week treat-
ment period, measured in the same way. In order to
be classified a responder, laxative use was restricted
to <5 days during the treatment period and not at all
for the final 4 weeks. However, since in reality
patients with constipation frequently use laxatives, it
could be argued that this restraint, which was neces-
sary to make clear the effect of tegaserod, was too
rigorous for generalisation to constipated IBS pa-
tients in clinical practice and could reduce the thera-
peutic gain.

The Asia-Pacific study used a binary endpoint,
assessing the response to tegaserod during weeks
1-4, and a secondary endpoint as the response over
weeks 1-12.01

9.3 Tegaserod Efficacy

All phase III trials included large numbers of
patients, the majority of whom were female (ap-
proximately 85%), and study B358P% exclusively
enrolled females. Thus, there have been some con-
cerns over the extrapolation of these results to male
patients. The study populations were similar in
terms of symptoms and disease duration, and were
felt to be representative of typical IBS patients seen
in clinical practice, being drawn from both hospital
and community practice. Interestingly, although sig-
nificant diarrhoea in the 3 months prior to the studies
was an exclusion criterion, almost 15% of the pa-
tients in study B301 had diarrhoea as part of their
IBS symptoms during the baseline observation
period, illustrating the propensity for IBS symptoms
to alter over time. This characteristic is well appreci-
ated, and inclusion of these patients is valuable in
assessing the applicability and safety of tegaserod in
real clinical practice.

Results from study B301™°! showed a significant
improvement in overall IBS symptoms measured by
the weekly SGA with both tegaserod 2mg and 6mg
twice daily as compared with placebo. At endpoint,
as measured by the last 4-weekly SGAs of relief, the
response rates were 46.5% for tegaserod 2mg twice
daily, 46.3% for tegaserod 6mg twice daily and
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34.5% for placebo (p < 0.01). This translates into a
treatment benefit of 12% for tegaserod 2mg twice
daily and 11.8% for tegaserod 6mg twice daily,
which was seen as early as week 1 and sustained
through the 12 weeks of treatment duration. In clin-
ical practice this would suggest a response rate to
treatment with tegaserod of around 50%. The re-
sponder rates at endpoint for the SGA of abdominal
pain/discomfort were 29.8% for tegaserod 2mg
twice daily, 29.9% for tegaserod 6mg twice daily
and 22.6% for placebo (p = 0.055 and p = 0.044
compared with placebo, respectively). The individu-
al symptoms of abdominal pain or discomfort and
stool frequency/consistency that were measured
daily also improved significantly across most weeks
of the treatment period, and there was also a non-
significant trend toward a reduction in the number of
days with significant bloating. In this study the
major difference between the two active dosages
was that tegaserod 6mg twice daily delivered more
consistent benefit over time and across the range of
IBS symptoms compared with tegaserod 2mg twice
daily.

Study B358,09 the largest therapeutic trial of
tegaserod, found a similar beneficial effect from the
drug; 43.5% of patients taking tegaserod responded
to treatment, compared with 38.8% of patients using
placebo (p = 0.03). Further analysis revealed that
when patients who reported benefit from treatment
but had used laxatives were included as responders,
higher response rates of 48.3% for tegaserod and
41.7% for placebo (p < 0.01) were observed. The
weekly SGAs for abdominal pain/ discomfort and
bowel habit improved significantly for nearly all
weeks of the treatment period and daily symptoms
of pain/discomfort, stool consistency/frequency,
bloating and straining also showed significant im-
provements at endpoint. These effects were seen as
early as the first week of treatment, persisted whilst
treatment was taken and disappeared rapidly after
treatment withdrawal, although did not return to
pretreatment levels within the 4-week washout
period. The number of patients requiring treatment
(number-needed-to-treat; NNT) with tegaserod to
improve the symptoms of one, was 7.0 during the

Drug Safety 2004; 27 (4)
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first 4 weeks of treatment, 13.3 during the second 4
weeks and 17.1 for the final 4 weeks.

The placebo response was high in both stud-
iest >3 and this is a well recognised phenomenon in
IBS treatment trials. One review, which included 25
controlled trials in patients with IBS, found a med-
ian placebo response of 47% which is similar to both
these studies.!?!! The placebo response is frequently
thought to taper off after a period of approximately
12 weeks;"?!! however in study B3585% the placebo
response increased over time from 41% at week 1 to
61% at week 12, which reduced the comparative
efficacy of tegaserod at the end of the study. This
appears to be in agreement with a recent report
examining the efficacy of alosetron in IBS, which
reported a sustained response to placebo that persist-
ed even as long as 12 months.”?"! Nevertheless, the
placebo response is difficult to separate from the
spontaneous short-term resolution of symptoms that
is characteristic of functional gastrointestinal dis-
eases.

Studies B301,[*1 B3583% and the Asia-Pacific
study®!! are all placebo-controlled trials of tegaser-
od that have been published in full. Study B35148
has been published in abstract form and study
B30718 has yet to be published. Study B351, which
was the first phase III trial, did not show any treat-
ment benefit from tegaserod when it was first
analysed. In this study a responder had been defined
as an individual who obtained complete or consider-
able relief, for at least 50% of the time at the study
endpoint. After completion of the trial it was felt that
the definition of response was too stringent and thus
the study lacked the necessary sensitivity to detect a
treatment difference leading to a type II error. With
the agreement of the FDA the definition of response
for the subsequent phase III trials B301, B307 and
B358 were modified to include subjects whose
symptoms were at least somewhat relieved 100% of
the time at the study endpoint, as well those achiev-
ing at least considerable relief, for at least 50% of
the time. Study B351 was retrospectively analysed
using these modified criteria, with the revised re-
sults showing a 45.7% response rate for tegaserod
6mg twice daily, 38.9% for tegaserod 2mg twice

© 2004 Adis Data Information BV. All rights reserved.

Lea & Whorwell

daily, and 33.3% for placebo.[*® This translated in to
a treatment benefit over placebo of 12.4% (p =
0.004) for the tegaserod 6mg twice daily dose, but
no statistically significant benefit from the tegaserod
2mg twice daily dose.

The Asia-Pacific study,!! which used a different
design from the other studies, found a significant
therapeutic gain over placebo of 19-24% during the
first 4 weeks of treatment, and 13-24% over the full
12 weeks of treatment (p < 0.01). Individual symp-
toms of abdominal pain/discomfort and bloating
were also significantly improved.

9.4 Safety

9.4.1 Tolerability and Adverse Events

During the phase III trials regular clinical assess-
ments of patients taking tegaserod were made, in-
cluding physical examination, pulse, blood pressure,
standard laboratory tests and 12-lead ECGs. Given
the large numbers of patients included in the avail-
able clinical studies, there is now a large amount of
safety data available for tegaserod.

In study B301,1*! diarrhoea was the only adverse
event to occur significantly more frequently in the
tegaserod groups than in the placebo group: occur-
ring in 9.6%, 7.1% and 2.5% of patients using twice
daily tegaserod 6mg, 2mg and placebo, respectively.
Episodes of diarrhoea were mild and transient, last-
ing a median of 2 days with the tegaserod 2mg twice
daily dose and 4 days with the tegaserod 6mg twice
daily dose. After the initial episode, symptoms gen-
erally settled and further episodes were rare. Head-
ache was the most frequently reported adverse
event, occurring in up to 30.6% of patients using
tegaserod, although it also occurred in a similar
number of those using placebo. Other symptoms
were flu-like illness, which occurred in around 10%,
and dizziness in approximately 5%. Nausea, upper
respiratory tract infection, back pain and abdominal
pain all occurred more frequently in those using
placebo than in the tegaserod groups.

Results from study B3580% also showed that
headache was the most frequently reported adverse
effect occurring in 9% of treated patients. In order of
decreasing frequency other adverse effects were
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nausea (approximately 7%), abdominal pain (6%),
diarrhoea (6%) and flatulence (6%). Of these, head-
ache, nausea and diarrhoea occurred more frequent-
ly in the tegaserod group compared with placebo.
Again, episodes of diarrhoea were mild and tran-
sient, not leading to dehydration, electrolyte distur-
bances or hospitalisation.

Serious adverse events were rare in all studies.
During the course of study B358, a number of
patients underwent abdominal or pelvic surgery,
although none of these were felt to be causally
related to the medication.”® Four patients adminis-
tered tegaserod required cholecystectomies, one an
appendicectomy, one a hiatus hernia repair and one
a hysterectomy, whilst amongst those taking place-
bo, one needed a cholecystectomy, two hysterecto-
mies and one surgery for division of adhesions. It is
noteworthy that a recent study found that patients
with IBS per se are at increased risk of abdominal
surgery irrespective of treatment.*! Nonsurgical se-
rious adverse events occurring in the tegaserod
group were coronary artery disease, anxiety and a
vertebral disc condition, whilst one patient devel-
oped seizures during treatment with placebo.!
There were no serious adverse events during study
B301.149

No clinically significant changes in heart rate,
blood pressure, laboratory parameters or ECGs oc-
curred in either study. During the withdrawal phase
of study B358, 13% of patients who had taken
tegaserod experienced adverse events compared
with 14% in the placebo group, none of these were
serious.!%"!

Withdrawal from treatment because of adverse
events occurred in 5.1% of patients in the tegaserod
6mg twice daily group, 8.7% in the tegaserod 2mg
twice daily group and 4.5% in the placebo group in
study B301.1! The drop-out rate due to diarrhoea
was 2% in the lower tegaserod dosage group and
2.4% in the higher dosage group. In study B358
similar treatment-related withdrawal rates of 6.8%
in the tegaserod group and 4.8% in the placebo
group were seen.’% In the tegaserod group,1.6% of
patients discontinued the medication due to diar-
rhoea. The NNT to experience adverse effects se-
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vere enough to lead to discontinuation of the med-
ication was 50, and 62.5 specifically for diarrhoea.
The NNT of 7-17 was less than the number-needed-
to-harm (NNH) of 50-62.5 suggesting a positive
risk-benefit relationship.

In the Asia-Pacific study, the incidence of ad-
verse events was comparable in the tegaserod and
placebo groups.’! The overall discontinuation rate
was 16% and 12%, respectively, with those patients
withdrawing due to adverse events being 7.7% and
3.1%, and those related specifically to diarrhoea
being 2.3% and 0%, respectively. The most frequent
adverse event was diarrhoea, which occurred in
10.4% of patients taking tegaserod and 4.2% of
those taking placebo. No published data exist relat-
ing to adverse events or safety for studies B351 and
B307.

One study has specifically addressed the issue of
long-term tolerability and safety of tegaserod,’®
and this was one of the largest and longest running
clinical trials ever undertaken in patients with IBS.
This was an open-label study using a flexible dose-
titration protocol, carried out in >500 patients with
constipation-predominant IBS over a 12-month
period. The dosage of tegaserod was increased from
2mg twice daily to 6mg twice daily if there was an
inadequate symptomatic response to therapy, and a
reduction in dosage was allowed if there was intoler-
ance; however, once reduced, the dosage of tegaser-
od could not be increased again. Adverse events
were defined as any deterioration in condition from
baseline, whether or not this was considered to be
related to the use of tegaserod. Events were subdi-
vided into: (i) mild — a symptom that was barely
noticeable and did not interfere with functioning; (ii)
moderate — a symptom that made the subject uncom-
fortable or affected performance; and (iii) severe — a
severely uncomfortable symptom possibly warrant-
ing drug cessation or further treatment. Serious ad-
verse events included those that threatened life or
resulted in hospitalisation or disability.

In the majority of patients the dose of tegaserod
was increased rapidly culminating in 82% of pa-
tients taking the 6mg twice daily dosage by the end
of the study.>! Overall, 53% of patients who re-
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ceived tegaserod completed the 12-month treatment
period. The most common reason given for with-
drawal from the study was treatment ineffective-
ness, which occurred in 12% of patients, although
11% withdrew because of adverse events. The re-
maining patients who withdrew did so for other
reasons including withdrawal of consent, a loss to
follow-up and protocol violation.

Almost one-quarter of patients had previously
received tegaserod. In this group, withdrawals due
to adverse effects occurred in a similar proportion to
those who were naive to the drug, except for diar-
rhoea, which was somewhat more common in the
previously exposed group (5.1% in previously ex-
posed versus 3.0% in naive). Conversely, withdraw-
al due to lack of efficacy occurred more frequently
in those who were naive to the drug (14.1% naive
versus 7.2% previously exposed).l

The most frequently occurring adverse events
were headache (29.5% all tegaserod-treated pa-
tients, 8.3% considered possibly tegaserod related
by the investigators) abdominal pain (17.1%, 7.4%),
diarrhoea (14.5%, 10.1%), back pain (8.6%, 0.5%)
and flatulence (7.6%, 5.5%).>> Nausea, dyspepsia,
flu-like symptoms and insomnia occurred in <10%
of all patients and were considered possibly related
to therapy in <3%. Severe adverse events including
abdominal pain, headache, diarrhoea, constipation
and flatulence were seen in 14.3% of patients, 4.4%
experienced serious adverse events, and 1.7% of
patients in the study experienced more than one
serious adverse event. One patient had a 2-day epi-
sode of severe abdominal pain after 28 weeks of
treatment, which was considered to be possibly re-
lated to treatment; however, the patient continued
taking the medication and completed the study.
Other serious adverse reactions were considered un-
likely to be related to drug therapy, these included
abdominal pain in four patients, chest pain and gall
stones in two patients each, back pain, constipation,
cystadenofibroma, depression, an ovarian cyst and
pelvic adhesions in one patient each.

Of the 11.2% of patients who discontinued treat-
ment, the most common reason given was (in order
of decreasing frequency) diarrhoea (3.5%), abdomi-
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nal pain (2.8%) flatulence (2.6%), headache (1.1%),
nausea (0.9%), constipation (0.5%), alopecia
(0.4%), back pain (0.4%), dizziness (0.4%) and dys-
pepsia (0.4%). The drop-out rate from the study was
moderately high; however, this is not surprising
given the length of the study and the multiple visits
that were required. In addition, considering the re-
lapsing-remitting course of IBS, some patients are
likely to have withdrawn from the study during the
12-month period because they became free from
symptoms. The drop-out rate of 15% in the first 3
months of the study is comparable to other
trials; %71 however, there are no data to compare
drop-out rates in an IBS study of this duration. No
clinically relevant abnormalities were detected in
repeated laboratory parameters, except for one pa-
tient who was withdrawn following the worsening
of a pre-existing eosinophilia, possibly related to
drug allergy. There were minor upward and down-
ward fluctuations in blood pressure recordings
during the study, with only one thought to be of
clinical significance, although judged to be unrela-
ted to drug therapy by the investigators. There were
no clinically significant changes in heart rate or
bodyweight during the study. All ECG recordings
showed no significant abnormalities and in particu-
lar there were no changes in the QTc intervals.

Another recently published study was specifical-
ly designed to assess the safety and tolerability of
tegaserod in the subgroup of IBS patients with diar-
rhoea.?? Eighty-six male and female patients who
had IBS and diarrhoea for >25% of the time were
randomised to receive twice-daily tegaserod 6mg
and 2mg, or placebo for 8 weeks, following a
2-week baseline period. The results of this study
demonstrated that overall adverse events were not
significantly more common in the tegaserod groups
compared with placebo. Adverse events which oc-
curred with a frequency of >10% were diarrhoea,
abdominal pain, headache, flatulence and fatigue.
The frequency of diarrhoea was 18%, 49% and 35%
with twice-daily tegaserod 6mg, 2mg and placebo,
respectively. When data from both the tegaserod
groups were pooled, the diarrhoea rates for active
treatment and placebo were similar at 33% and 35%.
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No complications such as dehydration or electrolyte
disturbances occurred. Nineteen patients, all in the
tegaserod groups, withdrew from the study, 11 of
these due to adverse effects. Five patients withdrew
due to diarrhoea or abdominal pain, the others with-
drew as a consequence of adverse effects which did
not occur in more than one patient, except headache.
No serious adverse events were reported.

9.4.2 Cardiac Safety Profile of Tegaserod

There is a well documented tendency for some
gastrointestinal prokinetic drugs to cause prolonga-
tion of the QTc interval and thus predispose to
ventricular arrhythmias, a problem which led to the
withdrawal of cisapride. This effect is thought to be
due to blockade of the rapid component of the
delayed potassium rectifier channel in cardiac ven-
tricular myocytes, which is a major potassium out-
flow current from the heart, and is partly responsible
for termination of the action potential during the
plateau phase. Blockade of the channel therefore
results in delayed cardiac repolarisation and the
possible development of arrhythmias.

Early preclinical studies suggested that tegaserod
is devoid of cardiac effects when used in therapeutic
dosages. Subsequently, >10 000 ECG recordings
have been analysed in humans administered tegaser-
0d,! over 2500 of these in patients with IBSP8!
some of whom were known to have cardiac disease
or were co-administered drugs (such as antidepres-
sants or antihistamines) that could prolong the QTc
interval. Analysis of these ECGs showed that heart
rate, PR, QRS and QTc intervals were not signifi-
cantly different between tegaserod and placebo re-
cipients. Furthermore there was no dose-response
relationship relating to ECG parameters, and no
effect was seen in the elderly.®® In addition,
tegaserod has been used without ill-effect in a small
number of patients exhibiting prolongation of the
QTc interval at baseline.’® The most frequently
occurring ECG changes in patients given tegaserod
were nonspecific ST changes, T wave abnormalities
and first degree atrioventricular block but they are
unlikely to be of any clinical significance because
they occurred with similar frequency in placebo
recipients.[®
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10. Systematic Reviews and
Meta-Analyses of Tegaserod

Two systematic reviews*’>°1 and one meta-ana-
lysis® pooling data from randomised controlled
trials evaluating tegaserod in patients with IBS have
been published. The first systematic review by Jones
et al.P1 assessed six studies, including three fully
published papers B301,91 B3581% and B357(!1 and
three abstracts B251,[43 B20216] and B351.[481 B357
was a small pharmacodynamic study showing that
tegaserod accelerated orocaecal transit in humans
compared with placebo.8!! The second systematic
review was undertaken as part of a broader review of
the treatment of IBS in North America.*”l This
study included four trials: three published trials
(B301,1 B3580% and the Asia-Pacific study®'l)
and another study which remains in abstract form!®?!
and was not included in the review by Jones et al.
Both reviews concluded that there was a positive
effect with tegaserod of approximately 5-20% over
placebo. Subgroup analysis revealed less bloating,
less abdominal discomfort, and improved bowel sat-
isfaction compared with placebo. Diarrhoea was the
most frequently reported adverse effect, occurring in
approximately 10% of patients using tegaserod and
leading to a drop-out rate of 1-2%. In comparison,
diarrhoea occurred in around 5% of those using
placebo. There were no differences in occurrences
of abdominal/pelvic surgery between the two
groups. Male patients comprised <20% of the total
study population and although there was a non-
significant trend towards global symptom improve-
ment in this group, the numbers were considered too
small to exclude a type II error.

One meta-analysis has been performed and pub-
lished in abstract form." This included >4000 pa-
tients from unspecified phase III placebo-controlled
trials. The combined results suggested that tegaser-
od 6mg twice daily achieved global symptom relief
significantly more frequently than placebo with a
relative risk (RR) of 1.16 (95% CI: 1.07-1.26) and a
NNT of 10. There were no significant differences in
the total number of adverse effects, or in the inci-
dence of abdominal or pelvic surgeries between
tegaserod and placebo recipients; however, diar-
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rhoea was more common in patients using tegaserod
(RR = 2.15 [95% CI: 1.65-2.80]; NNH = 50).

11. Conclusion

Tegaserod is an effective therapy for the multiple
symptoms of IBS in females with constipation-pre-
dominant disease. The optimal dosage appears to be
6mg twice daily. Treatment benefit over placebo is
approximately 5-20%, with a NNT of between
5-15. The overall response rate is likely to be in the
region of 50%. Efficacy in men is currently uncer-
tain.

Tegaserod was well tolerated in clinical trials of
up to 12 months duration. Diarrhoea was the most
common adverse effect affecting 5-10% of patients;
however, it was often transient and self limited,
leading to treatment discontinuation in 1-2% of
patients. Other adverse effects included headache
and nausea, although these did not occur consistent-
ly more frequently in patients taking tegaserod com-
pared with those taking placebo. Approximately 7%
of patients using tegaserod could not tolerate the
drug because of to adverse effects. The NNH was
approximately 50-60. There is now good evidence
to suggest that that tegaserod does not affect the
ECG and is devoid of cardiotoxicity. The incidences
of abdominal and pelvic surgeries were not more
frequent in tegaserod-treated patients compared
with those using placebo.

Inappropriate prescription of the 5-HT3 ant-
agonist group of drugs such as alosetron to the
wrong subgroup of patients with IBS is associated
with potentially serious consequences. In contrast,
although tegaserod is only indicated for constipa-
tion-predominant IBS, administration to other sub-
groups is unlikely to cause major problems.
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