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Abstract This article reviews the safety and tolerability profile of tegaserod, a novel

selective partial agonist of the serotonin 5-HT4 receptor. Tegaserod was recently
approved for the treatment of women with irritable bowel syndrome (IBS) with
constipation.

Tegaserod exhibits rapid absorption from the small intestine, and is excreted
unchanged in the faeces and as metabolites in the urine. Meal ingestion decreases
its bioavailability. There is little effect of age or gender on pharmacokinetics,
although plasma levels may be slightly higher in the elderly. Tegaserod has no
effect on plasma levels of other drugs metabolised by cytochrome P450 enzyme
systems.
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Gastrointestinal symptoms are the most common adverse effects of tegaserod
therapy. In data pooled from phase III randomised controlled trials (RCTs) in IBS
with constipation patients, diarrhoea was reported by 8.8% of patients treated with
tegaserod 6mg twice daily versus 3.8% of patients receiving placebo. Similar rates
have been observed in international post-US marketing RCTs. In most patients,
tegaserod-induced diarrhoea was mild and transient. In RCTs, it did not elicit fluid
or electrolyte disturbances, and fewer than 3% of IBS patients discontinued
tegaserod due to diarrhoea. Since its release, rare cases of more severe diarrhoea
and ischaemic colitis have been reported. The incidence of other gastrointestinal
symptoms (e.g. abdominal pain, nausea, and flatulence) has been similar among
tegaserod-treated patients and placebo-treated patients. Pooled analysis of phase
III RCTs and post-US marketing RCTs have not demonstrated significant differ-
ences between tegaserod-treated patients and placebo-treated patients in the
incidence of abdominal-pelvic surgery. There is no convincing evidence that
rebound gastrointestinal symptoms occur upon termination of tegaserod therapy.

Pooled analysis of phase III RCTs demonstrated an increase in the incidence of
headaches among tegaserod-treated patients (6mg twice daily) compared with
placebo-treated patients (15% vs 12.3%, respectively, p < 0.05), although post-US
marketing RCTs have not observed this increase. Other extra-gastrointestinal
adverse events occur with similar frequency among tegaserod-treated patients and
placebo-treated patients. Tegaserod-treated patients in RCTs have not demonstrat-
ed significant prolongation of the QTc interval or cardiac arrhythmias compared
with placebo-treated patients. Supra-therapeutic doses in healthy volunteers did
not effect electrocardiographic parameters. Laboratory parameters are mostly
unaffected by tegaserod, although several individuals have exhibited increased
eosinophil counts.

In summary, tegaserod exhibits a favourable safety and tolerability profile in
IBS patients based on data from clinical trials. Diarrhoea is the most common
adverse event associated with tegaserod use. Continued post-US marketing sur-
veillance will further define the safety and tolerability profile of tegaserod.

1. Clinical Utility of Tegaserod

Tegaserod (Zelnorm®)! is an aminoguanidine in-
dole which acts as a selective partial agonist on
serotonin 5-HT4 receptors, exhibiting a potency
one-fifth that of endogenous serotonin.''! The drug
exerts motor stimulatory effects in the gastrointesti-
nal tract resulting in enhanced propulsion in several
gut regions. In healthy human volunteers, tegaserod

accelerates gastric emptying, colonic filling, and
colonic transit.””) Small intestinal transit times are
shortened by 30% and 37% with oral and intrave-
nous administration, respectively. In irritable bowel
syndrome (IBS) patients with constipation, the drug
increases colonic filling of an ingested radionuclide
marker at 6 hours from 46.4 = 1.9 to 70.4 + 1.3%,
signifying promotion of small bowel propulsion.t
Tegaserod also exhibits effects on visceral afferent

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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function, blunting the somatic reflex to colonic dis-
tension.!*! Because of these effects on colonic motor
and sensory function, tegaserod is promoted as a
treatment for IBS with constipation.

Randomised controlled trials (RCTs) demon-
strate that tegaserod is effective for treatment of IBS
with constipation in women.! In a 12-week, inter-
national, placebo-controlled, double-blind RCT of
881 IBS patients with constipation, tegaserod 6mg
twice daily significantly reduced global IBS symp-
toms and improved individual symptoms of abdomi-
nal discomfort, infrequent defecation, hard stools,
and bloating.® In this study, 50% of patients given
tegaserod reported responses at the end of 12 weeks
versus 36.6% of placebo-treated patients (p < 0.05).
Another 12-week, placebo-controlled, double-blind
RCT of 1519 women with IBS with constipation in
the US also found that tegaserod produced signifi-
cant improvement in global IBS symptoms and indi-
vidual IBS symptoms with tegaserod 6mg twice
daily compared with placebo.”! Response rates in
this investigation were 43.5% with tegaserod versus
38.8% with placebo (p < 0.05). International post-
US marketing RCTs (i.e. RCTs completed after
marketing of tegaserod in the US in August 2002)
confirm its efficacy for global IBS symptom im-
provement, abdominal discomfort, bloating and
constipation across a geographically and ethnically
diverse range of populations.®!) However, the
small number of men enrolled in these RCTs pre-
cludes a precise estimate of tegaserod efficacy in
male IBS patients. Recent studies in patients with
chronic constipation, not secondary to IBS, noted
increases in stool frequency and improvements in
other constipation symptoms, suggesting that other
colonic dysmotility syndromes may respond to this
agent.[1213]

Any treatment for IBS should demonstrate a fa-
vourable efficacy and tolerability/safety profile. In
this article, we present a summary of safety and
tolerability data from RCTs in patients with IBS and
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chronic constipation. Supplementary safety and tol-
erability data from pharmacokinetic studies, drug
interaction data, and open-label trials of IBS patients
and healthy volunteers are also included.

2. Pharmacokinetics of Tegaserod

2.1 Metabolism

Tegaserod is metabolised by a number of path-
ways. The first pathway is initiated by pH-depen-
dent hydrolysis in the stomach followed by oxida-
tion and conjugation to produce 5-methoxyindo-3-
carboxylic acid glucuronide, also known as
M29.0.l'Y This metabolite possesses neither 5-HT4
agonist properties nor prokinetic actions on the gas-
trointestinal tract. The second pathway involves di-
rect glucuronidation to three N-glucuronide iso-
mers, M43.2, M43.8 and M45.3.114-16] The liver and
small intestine both are capable of direct
glucuronidation of tegaserod. In human liver micro-
somes, tegaserod is metabolised to O-desmethylte-
gaserod at a low rate, which is inhibited by quini-
dine.l! O-methyltegaserod is also produced by
cDNA-expressed cytochrome P450 (CYP) 2D6.

2.2 Absorption, Distribution and Clearance

Tegaserod is absorbed from the small intestine
and two-thirds of the dose is excreted unchanged in
the faeces with the remainder eliminated in the urine
as the M29.0 metabolite.['* The pharmacokinetics
of tegaserod are linear in the dose range from
2-12mg.l'4 Steady-state plasma levels are achieved
within 8 days with repeated administration.l'”l Ab-
sorption in healthy volunteers is rapid with a time to
reach maximal concentration (tmax) of 0.8—1.3 hours
and 11 £ 3% bioavailability.['®!°) The maximal plas-
ma concentration is dose-dependent with maximal
concentration (Cmax) values of 0.7 £ 0.3, 2.7 £ 1.2,
and 5.6 £ 2.9 ug/LL with 2, 6, and 12mg doses,
respectively.['8! The volume of distribution is 368 +

Drug Safety 2004; 27 (9)
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223L.1"91 The cumulative absorption (area under the
concentration time curve; AUC) ranges from 2.4 +
1.3 to 20.4 = 14.0 ug * h/mL for doses from 2 to
12mg.1'81 Meal ingestion prolongs the tmax to 2
hours, decreases bioavailability to 5%, and lowers
the AUC by half due to reductions in the extent of
absorption.['>?0 Elimination half-lives (ty,) range
from 5.8 £ 1.2 hours for the 2mg dose to 9.8 + 3.2
hours for 12mg.["8! There is no effect of gender or
age on either tmax or Cmax values and no effect of
gender on AUC.”!1 AUC values are increased in the
elderly, but this is not felt to be clinically relevant
and no dose adjustment is recommended for older
individuals. Pharmacokinetic parameters are similar
in healthy volunteers and patients with IBS.['*) No
dose adjustments are necessary for mild hepatic or
renal impairment, although the drug is contraindi-
cated in patients with moderate or severe liver or
severe kidney disease.l'¥]

3. Drug Interactions

The metabolite M29.0 does not inhibit any CYP
enzyme.['>)  Tegaserod inhibits CYPIA2 and
CYP2D6 with dissociation constant (Kj) values of
0.84 and 0.85 umol/L, respectively.!'>! These values
are approximately 140-fold higher than plasma con-
centrations achieved with the 6mg dose, thus it is
unlikely that dose adjustments will be needed for
drugs metabolised by these enzymes (e.g. theophyl-
line)??! during concurrent therapy with tegaserod. In
healthy volunteers, the AUC, Cmax, and ty, for theo-
phylline were similar when the drug was given alone
or in combination with tegaserod.?® Furthermore,
tegaserod had no effect on renal clearance of theo-
phylline or conversion of theophylline to
1,3-dimethyluric acid or 3-methylxanthine. There
was no increase in reported adverse effects when
theophylline was taken with tegaserod. However,
the tmax for theophylline is 2 hours shorter when the
drug was taken with tegaserod and there was a
25.7% decrease in metabolism of theophylline to

© 2004 Adis Data Information BV. All rights reserved.

1-methyluric acid after tegaserod.!>’! These actions
are believed to have limited impact on the overall
pharmacokinetics of theophylline administration,
thus dose modifications are not recommended. Like-
wise, no significant drug interactions have been
observed when tegaserod was administered with
dextromethorphan (a CYP2D6 substrate), warfarin,
or oral contraceptives.!'4]

Use of gastrointestinal prokinetic drugs could
limit bioavailability of drugs absorbed in the small
intestine by reducing contact time in the small intes-
tine.”*?”)  Indeed, both metoclopramide and
cisapride decrease absorption of digoxin, a drug
absorbed from the small intestine.?>? In similar
studies, the tmax for digoxin peaked at 1.5 hours
when digoxin was given alone versus 1.0 hours
when digoxin was taken after 3 days of tegaserod (p
= NS).?”! Furthermore, AUC and Cmax values for
digoxin were 11.9% and 15.0% lower when digoxin
was taken after tegaserod (p < 0.05). Tegaserod
therapy also lowers the distribution rate constant for
digoxin by 40% and the steady-state digoxin trough
concentration by 11.4%. These effects are consistent
with a minor prokinetic effect on digoxin absorp-
tion, but are not considered clinically relevant. Only
a small percentage of patients who use tegaserod
and digoxin are likely to require changes in digoxin
dosage and this should be detectable by routine
monitoring of digoxin levels.?”

4. Adverse Events Associated
with Tegaserod

4.1 Overview of Studies

Adverse event data from eight randomised, doub-
le-blind, placebo-controlled studies of 4—12 weeks’
duration!®-810.11.28-301 jp IBS patients, an open-label
study of 12 months’ duration in IBS with constipa-
tion patients,”®3" two randomised, double-blind,
placebo-controlled studies of 12 weeks’ duration in
chronic constipation,['>!33% and one randomised,

Drug Safety 2004; 27 (9)
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Table I. Randomised controlled trials and open-label trials with tegaserod

Population (reference)

Design

No. of patients Women (%)

Tegaserod dosage

IBS with constipation(®!
(phase Il trial)

IBS with constipation”!
(phase Il trial)

IBS with constipation?8!
(phase llI trial [Study 351])

IBS with constipation(?®!
(phase llI trial [Study 307])
Non-diarrhoea-predominant®!
IBS, Asia-Pacific population
Non-diarrhoea-predominant!!’l
IBS, Nordic population

IBS with constipation,1%
China population

IBS with constipation(®"
(long-term study)

Chronic constipation(?

12-week, double-blind
placebo-controlled RCT
12-week, double-blind
placebo-controlled RCT
12-week, double-blind
placebo-controlled RCT
12-week, double-blind
placebo-controlled RCT
12-week, double-blind
placebo-controlled RCT
12-week, double-blind
placebo-controlled RCT
4-week, double-blind
placebo-controlled RCT
12-month open-label

12-week, double-blind

placebo-controlled RCT
12-week, double-blind
placebo-controlled RCT
8-week, double-blind
placebo-controlled RCT

Chronic constipation!'®

Diarrhoea-predominant IBS[29

881 83 2mg bid or 6mg bid
1519 100 6mg bid
799 87 2mg bid or 6mg bid
841 84 Dose titration with 2mg bid
and 6mg bid
520 88 6mg bid
647 86 6mg bid
510 82 6mg bid
579 90 2mg bid or 6mg bid
1348 90 2mg bid
1264 86 2mg bid
86 67 2mg bid or 6mg bid

bid = twice daily; IBS = irritable bowel syndrome; RCT = randomised controlled trial.

placebo-controlled study of 8 weeks’ duration in
IBS with diarrhoeal®”! were included (table I). All
investigations provided safety data for tegaserod at a
dose of 6mg twice daily. Three placebo-controlled
trials in IBS with constipation,[®?8! one open IBS
trial,?®311 and both chronic constipation studies also
examined adverse events with tegaserod 2mg twice
daily,['>13301 while one placebo-controlled IBS
study reported on adverse effects during dose titra-
tion.8! One of the double-blind RCTs evaluated
diarrhoea-predominant IBS patients to further con-
firm the relatively mild nature of diarrhoeal adverse
effects of the drug.” Adverse event data was ex-
tracted from published manuscripts, abstracts from
national and international gastroenterology sympo-
sia, and unpublished data on file with Novartis
Pharmaceuticals Corporation.

Demographic characteristics of study partici-
pants closely mirrored those of IBS populations in
the different geographic regions involved in the
tegaserod trials. All individuals studied were 12

© 2004 Adis Data Information BV. All rights reserved.

years or older, with mean ages ranging from 36-51
years of age. Women represented the majority of
study subjects in all investigations, making up 67 to
100% of patients (table I). All participants in IBS
trials satisfied validated symptom-based criteria for
IBS, such as the Rome criteria. In individual RCTs,
patients receiving tegaserod have not demonstrated
significant increases in total adverse events, serious
adverse events, or severe adverse events compared
with patients using placebo.[0-3:10:11.28.301  Pooled
phase III data is derived from 4035 patients who
participated in four phase III RCTs,-7-1028] and safe-
ty data from post-US marketing RCTs encompass
1676 additional IBS patients.[8:10.11.30]

4.2 Gastrointestinal Adverse Events

Gastrointestinal adverse events are the most fre-
quent adverse effects associated with tegaserod ther-
apy, and are likely the consequence of the promotile
activity of the drug. In many investigations, diar-
rhoea is reported significantly more often with

Drug Safety 2004; 27 (9)
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Table Il. Incidence of diarrhoea during treatment with tegaserod

Population Design

Tegaserod (dosage) Placebo (%)

IBS with constipation, phase Ill trials?®!
(pooled analysis)

12-week, double-blind
placebo-controlled RCT
IBS with constipation, Asia-Pacifict®! 12-week, double-blind
placebo-controlled RCT
12-week, double-blind
placebo-controlled RCT
4-week, double-blind
placebo-controlled RCT
12-month, open-label
12-week, double-blind
placebo-controlled RCT
12-week, double-blind
placebo-controlled RCT
8-week, double-blind
placebo-controlled RCT

IBS with constipation, Nordic!'"!
IBS with constipation, Chinal'®

IBS with constipation, long-term(3"
Chronic constipation!?

Chronic constipation!*®

Diarrhoea-predominant IBS[

11.4% (2mg bid) 4.2
8.8% (6mg bid)

11.6% (dose titration)

10.0% (6mg bid) 3.1
9.2% (6mg bid) 1.3
2.9% (6mg bid) 0.4
10.1% (2 or 6mg bid) a
4.5% (2mg bid) 3.8
7.3% (6mg bid)

3.9% (2mg bid) 22
5.8% (6mg bid)

48.6% (2mg bid) 35.3

17.7% (6mg bid)

a No placebo control in this trial.

bid = twice daily; IBS = irritable bowel syndrome; RCT = randomised controlled trial.

tegaserod than with placebo (table II). In the largest
study of IBS with constipation involving 1519 wo-
men, diarrhoea was experienced by 6.4% of patients
during tegaserod therapy 6mg twice daily versus
2.9% on placebo,! and, in a study of 881 constipat-
ed IBS patients, the incidence of diarrhoea was
higher on tegaserod versus placebo (7.1% on 2mg
twice daily/9.6% on 6mg twice daily versus 2.5% on
placebo; p-values were not reported).”®! In an analy-
sis of weighted adverse event data from the pooled
phase III database, the frequency of diarrhoea was
8.8% among patients using tegaserod 6mg twice
daily versus 3.8% among patients using placebo.
However, only 1.6-2.4% of tegaserod-treated pa-
tients in these studies discontinued therapy because
of diarrhoea. In a long-term investigation of 579
patients followed for up to 12 months, diarrhoea
considered related to tegaserod was experienced by
10.1% and was severe enough to discontinue ther-
apy in 3.5%.5"1 Post-US marketing RCTS in interna-
tional populations have also noted that diarrhoea is
associated with tegaserod use. In 520 non-diarrhoea-
predominant IBS patients from the Asia-Pacific re-
gion, 10.0% of individuals on tegaserod reported
diarrhoea versus 3.1% of placebo patients.®3% Of

© 2004 Adis Data Information BV. All rights reserved.

647 Nordic patients, 9.2% noted diarrhoea with
tegaserod therapy compared with 1.3% on place-
bo.['1:301 In these trials, discontinuation of tegaserod
due to diarrhoea was 2.3-2.9%.18:1130]

In studies of IBS with constipation patients, diar-
rhoea generally was mild and produced no dehydra-
tion or electrolyte abnormalities.[?33%321 Further-
more, in pooled data from four phase III trials in
constipated IBS patients, diarrhoea occurred early
and was transient in nature.?®321 Many patients re-
ported onset of diarrhoea within the first day of
therapy; diarrhoea began after 8-29 days in only
21% of patients with diarrhoea. The median dura-
tion of diarrhoea was 2 days and many patients
experienced only a single diarrhoeal episode.?83% A
study of 114 diarrhoea-predominant IBS patients
confirmed the relatively benign nature of tegaserod-
induced diarrhoea.®®! Thirty-three percent of pa-
tients treated with tegaserod (6mg twice daily or
2mg twice daily) reported diarrhoea compared with
35% of those receiving placebo. Severe diarrhoea
was noted by 17% of tegaserod-treated patients ver-
sus 18% of placebo-treated individuals and anti-
diarrhoeal agent use was required by 23% of
tegaserod-treated patients versus 24% of placebo-

Drug Safety 2004; 27 (9)
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treated patients.”®! As with IBS with constipation
patients, no fluid or electrolyte disturbances were
associated with this diarrhoea.”!

Other gastrointestinal symptoms have also been
reported, but it is unclear if these symptoms were
induced by tegaserod. In placebo-controlled RCTs
in IBS with constipation or with non-diarrhoea pre-
dominant IBS, abdominal pain was reported by
4.9-16.7% of tegaserod-treated patients versus
3.1-17.1% of placebo-treated patients.[6-3.11.28.30]
Only one of these studies reported significantly
higher rates of development of abdominal pain with
tegaserod versus placebo.®! Similarly, abdominal
pain considered related to tegaserod was reported by
7.4% of constipated IBS patients in open-label,
long-term observational studies.3!! In this investiga-
tion, only one episode of severe abdominal pain was
felt to be possibly related to tegaserod therapy.B!!
When data from 4035 patients randomised in phase
III trials up to 2000 were pooled,®® there was a
slight but statistically significant increase in the
incidence of severe abdominal pain with tegaserod
6mg twice daily use compared with placebo use
(4.4% vs 3.7%, respectively, p < 0.05). No signifi-
cant difference in the incidence of abdominal pain
was observed between tegaserod-treated patients
and placebo-treated patients in the two RCTs per-
formed in patients with chronic constipation.!!>13:30]

Nausea was reported by similar proportions of
patients using tegaserod and placebo in RCTs of IBS
with constipation and non-diarrhoea predominant
IBS (4.2-7.4% vs 3.4-8.7%, respectively),[6-811.28.30]
and chronic constipation (3.8-6.1% vs 1.8-7.5%,
respectively).['>133% Likewise, no significant differ-
ences in the incidence of flatulence were observed in
RCTs of IBS with constipation or non-diarrhoea
predominant IBS patients or chronic constipation
patients.>-8:12.13.28301 Tn the largest published trial,
flatulence was reported by 5.7% of tegaserod-treat-
ed patients vs 4.0% of placebo-treated patients (p =
NS in chi-square analysis by review authors).[”]

© 2004 Adis Data Information BV. All rights reserved.

Serious adverse events due to severe constipation
and ischaemic colitis have been reported with alose-
tron, a 5-HT3 receptor antagonist, indicated for wo-
men with diarrhoea-predominant IBS. However,
tegaserod is an agonist of the 5-HT4 receptor, and is
pharmacologically much different than alosetron.
No episodes of severe constipation have been attrib-
uted to tegaserod use. Furthermore, data from the
RCTs provide no convincing evidence of rebound
constipation developing upon termination of
tegaserod use. However, in postmarketing reports to
the US FDA, some cases of serious consequences of
diarrhoea including hypovolaemia, hypertension
and syncope have been observed.*! In some in-
stances, hospitalisation for rehydration have been
required. Furthermore, rare cases of ischaemic coli-
tis have been reported with tegaserod therapy al-
though a causal relationship has not been confirmed.
Revised recommendations state that tegaserod
should be discontinued in patients who develop new
or increased abdominal pain, rectal bleeding or diar-
rhoea that leads to syncope or presyncope.

4.3 Rates of Abdominal and Pelvic Surgery

The FDA required the following statement in
prescribing information for tegaserod: “Zelnorm
(tegaserod maleate) is contraindicated in those pa-
tients with ... a history of bowel obstruction, symp-
tomatic gallbladder disease, suspected sphincter of
Oddi dysfunction, or abdominal adhesions”. There-
fore, the incidence of abdominal and pelvic sur-
geries from phase III and post-US marketing RCTs
is provided.

In phase III RCTs (table I1I),5-7-281 4035 patients
with IBS with constipation were randomised: 2965
patients received tegaserod and 1740 patients re-
ceived placebo (several trials used a 2 : 1 randomis-
ation schedule). No differences in the incidence of
abdominal and pelvic surgeries were observed be-
tween tegaserod-treated patients and placebo-treated
patients (0.44% vs 0.40%, respectively, p =

Drug Safety 2004; 27 (9)
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Table Ill. Abdominal and pelvic surgeries in phase II/1ll trials of tegaserod in irritable bowel syndrome patients with constipation!®7-28l

Tegaserod Placebo p-Value?
(n = 2965) (n = 1740)
Pelvic (no. [%]) 4 (0.13) 4 (0.23) 0.69
Abdominal, non-cholecystectomy 4 (0.13) 2 (0.11) 0.81
(no. [%])
Cholecystectomy (no. [%]) 5(0.17) 1 (0.06) 0.22
Total (no. [%]) 13 (0.44) 7 (0.40) 0.96

a Based on chi-square analysis (Mantel-Haenstzel test performed by review authors).

0.96).1328391 In sub-group analysis, no significant
difference was observed between tegaserod-treated
patients and placebo-treated patients for incidence
of pelvic surgery (0.13% vs 0.23%, respectively, p =
0.69, abdominal surgery (non-cholecystectomy)
[0.13% vs 0.11%, respectively, p = 0.81], or chole-
cystectomy (0.17% vs 0.06%, respectively, p =
0.22). post-US  marketing RCTs (table
1V),[B10.1L301 1676 patients with non-diarrhoea pre-
dominant IBS and/or IBS with constipation were

In

enrolled: 840 patients received tegaserod and 836
received placebo. No differences in the incidence of
abdominal and pelvic surgeries were observed be-
tween tegaserod-treated patients and placebo-treated
patients (0.36% vs 0.12%, respectively, p = 0.62) in
post-US marketing RCTs.% In sub-group analysis
carried out by the review authors, no significant
difference was observed between tegaserod-treated
patients and placebo-treated patients for incidence
of pelvic surgery (0.0% vs 0.0%), abdominal sur-
gery (non-cholecystectomy) [0.36% vs 0.12%, re-
spectively, p = 0.62], or cholecystectomy (0.0% vs
0.0%). The apparent 3-fold increase in non-chole-
cystectomy abdominal surgeries did not approach

statistical significance due to the small number of
such surgeries performed in each treatment group.

The FDA-mandated labelling for tegaserod states
that “the increase (in abdominal surgeries) was pri-
marily due to a numerical imbalance in cholecystec-
tomies reported in patients (in phase III trials) treat-
ed with Zelnorm (5/2965 or 0.17%) vs placebo (1/
1740 or 0.06%)”. However, when data from 4035
patients randomised to phase III placebo-controlled
RCTs were pooled,?83% case histories of patients
who underwent cholecystectomy were reviewed and
determined that two tegaserod-treated patients had
symptomatic cholelithiasis diagnosed prior to study
entry. A third tegaserod-treated patient with chronic
right upper quadrant pain and a decreased gallblad-
der ejection fraction did not have cholelithiasis at
cholecystectomy and experienced no postoperative
symptom relief. An expert panel, blinded to each
patient’s treatment, reviewed all abdominal surgery
cases that occurred during phase III RCTs and con-
cluded that the performance of cholecystectomy in
these three individuals was unrelated to drug ther-
apy.’" After exclusion of these three cases, re-
calculation of the cholecystectomy rates from phase

Table IV. Abdominal and pelvic surgeries in post-US marketing randomised controlled trials of tegaserod in non-diarrhoea-predominant

irritable bowel syndrome (IBS) and IBS with constipation patients(®02

Tegaserod (n = 840) Placebo (n = 836) p-Value®
Pelvic (no. [%]) 0 (0.0) 0 (0.0) 1.00
Abdominal, non-cholecystectomy (no. [%]) 3 (0.4) 1(0.1) 0.62
Cholecystectomy (no. [%]) 0 (0.0) 0 (0.0) 1.00
Total (no. [%]) 3 (0.4) 1(0.1) 0.62

a The data presented here are crude adverse event rates.

b Based on chi-square analysis (Mantel-Haenszel test performed by review authors).

© 2004 Adis Data Information BV. All rights reserved.
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IIT RCTs revealed no difference in cholecystectomy
rates for tegaserod-treated patients versus placebo-
treated patients (0.07% vs 0.06%, respectively, p =
0.64).

A placebo-controlled, randomised crossover trial
of 12 healthy volunteers and 37 IBS patients as-
sessed the affect of tegaserod on gallbladder motili-
ty. Patients received either placebo or tegaserod
(12mg daily or 24mg daily) for 2 weeks in a cross-
over study, followed by a 1-week washout period,
and then switched to the other treatment arm. Each
treatment period was followed by real-time ultraso-
nography. Tegaserod use did not affect gallbladder
ejection fraction, emptying rate, maximal emptying,
fasting and residual volume, or common bile duct
diameter in healthy volunteers and IBS patients.¥
No specific data is available about the incidence of
adverse events among tegaserod-using patients with
suspected sphincter of Oddi dysfunction.

No evidence suggests that tegaserod increases the
rates of abdominal-pelvic surgery for management
of bowel obstruction due to abdominal adhesions,
FDA prescribing information for tegaserod states
that the drug is contraindicated for patients with a
history of bowel obstruction or abdominal adhe-
sions. For this review, data on the incidence of
surgery for bowel obstruction with lysis of abdomi-
nal adhesions were extracted from individual study
reports from phase III RCTs!®728 and post-US mar-
keting RCTs!310:11.301 of [BS patients by the authors.
This pooled analysis revealed that surgery for bowel
obstruction with lysis of abdominal adhesions oc-
curred in 0.00% (0/3805) of tegaserod-treated pa-
tients versus 0.08% (2/2576) of those on placebo.

4.4 Extra-Gastrointestinal Adverse Events

Headache is the most common extra-gastrointes-
tinal adverse event reported with tegaserod use.?33%
In individual phase III RCTs,[%7-28 the incidence of
headache was not significantly greater among
tegaserod-treated patients compared with those on

© 2004 Adis Data Information BV. All rights reserved.

placebo. However, in pooled analysis of phase III
RCTs,% the incidence of headache was significant-
ly greater among tegaserod-treated patients (6mg
twice daily) versus placebo (15% vs 12.3%, respec-
tively, p < 0.05).128) The mechanism for this finding
is uncertain; it should be noted that tegaserod does
not cross the blood-brain barrier.

Headaches associated with tegaserod use were
usually mild, transient, and rarely required discon-
tinuation of therapy. In pooled analysis of phase III
RCTs, the incidence of severe headaches was simi-
lar in tegaserod-treated patients and placebo-treated
patients (3.4% vs 2.6%, respectively).?8! The inci-
dence of migraine headaches was also low for both
tegaserod-treated patients and placebo-treated pa-
tients (0.7% vs 0.7%, respectively).[?8! Headaches
severe enough to force discontinuation of study par-
ticipation were uncommon and occurred with simi-
lar frequency for both tegaserod- and placebo-treat-
ed patients (1.0% vs 0.8%, respectively).?8! Similar-
ly, data from post-US marketing RCTs of IBS
patients show similar incidences of severe headache,
migraine headache, and discontinuation of study
medication due to headache among both groups of
patients. 30!

Other extra-gastrointestinal symptoms have also
been quantified. Similar small numbers of tegaser-
od- and placebo-treated patients reported flu-like
symptoms, upper respiratory tract infections, back
pain, dizziness, sore throat, and fatigue,l?%3% al-
though upper respiratory tract infections were less
common in tegaserod-treated patients (bmg twice
daily dose) compared with placebo-treated patients
in pooled analysis of phase III data (4.1% vs 7.1%,
respectively, p < 0.01).28 In early reports, some
tegaserod patients formed ovarian cysts. However,
pooled analysis of phase II/III data reveals similar
incidence of ovarian cysts among tegaserod-using
patients and placebo-using patients (0.15% vs
0.13%, respectively, p = NS).[28!
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4.5 Lack of Effect on
Cardiovascular Variables

Tegaserod has been extensively scrutinised for
potential cardiac toxicity because of the cardiac
toxicity associated with other gastrointestinal
prokinetic drugs. Cisapride, another 5-HT4 receptor
agonist, was withdrawn from the US market because
it prolonged the QT interval and was associated with
potentially fatal cardiac arrhythmias, including tor-
sades de pointes.!*! Both cisapride and the motilin
receptor agonist erythromycin block the rapid com-
ponent of the delayed rectifier potassium cur-
rent.337! Inhibition of this current, which is respon-
sible for terminating cardiac action potentials, pro-
longs cardiac repolarisation. Benzamides, like
cisapride, exhibit high affinity for potassium chan-
nels.3% Furthermore, cisapride has positive chrono-
tropic effects in the heart.®¥! As an aminoguanidine
indole, tegaserod has no such effects. In isolated
rabbit hearts, cisapride prolongs the QT interval on
electrocardiographic (ECG) testing at concentra-
tions as low as 0.1 umol/L with significant lengthen-
ing above 5 umol/L.3"! Erythromycin also prolongs
the QT interval, but only at concentrations above
100 umol/L. Tegaserod has no effect on the QT
interval in concentrations ranging from 0.5-10
pmol/L, while concentrations above 50 umol/L elic-
it a slight lengthening.’®”! However, this concentra-
tion is 500-5000 times the plasma concentration
achieved during clinical use of the drug.

These in vitro observations correlate well with
data from phase III RCTs and post-US marketing
RCTs of IBS patients.[6-8:1011.28.301 [y pooled analysis
of phase III RCT data, palpitations (0.6% vs 0.7%,
respectively) and syncope (0.3% vs 0.1%) occurred
with similar frequency among tegaserod-treated and
placebo-treated patients.[’8! Tegaserod elicited no
significant changes in pulse or blood pressure.?®!
Adverse events related to heart rate or rhythm disor-
ders occurred with similar frequency among
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tegaserod-treated and placebo-treated patients
(2.0% vs 2.4%, respectively, p = NS) in phase III
RCTs.¥1 Clinically relevant tachycardias were ob-
served in only 0.5% of tegaserod-treated patients
compared with 1.1% of placebo-treated patients.
These observations have been confirmed in recent
trials of patients with IBS with constipation, non-
diarrhoea predominant IBS, or chronic constipation
not secondary to IBS.[3:11-13.30]

In phase III RCTs of IBS patients, ECGs were
performed on the first day after first dose, 4 weeks,
and 12 weeks after initiation of therapy. Of 11 535
ECGs analysed, new waveform changes developed
in 11% of tegaserod-treated patients versus 10% of
placebo-treated patients.*®! The most common ab-
normalities were flattened, inverted, or biphasic T
waves (5.1% vs 4.1%, respectively; p = NS with
placebo). Arrhythmias were noted on ECGs of 3.7%
of tegaserod-treated patients versus 3.9% of place-
bo-treated patients. However, serious arrhythmias
(e.g. new onset atrial fibrillation, supraventricular
tachycardia, bundle-branch blocks, and atrioventric-
ular blocks) occurred in <0.3% of patients with both
treatments./?83% Effects of tegaserod on QT inter-
vals were closely scrutinised given the prior experi-
ence with cisapride (table V). QT¢ prolongation of
30-60 msec was noted in 18.7% of both tegaserod-
and placebo-treated patients.®”! Prolongations of
>60 msec were seen in 0.9% of tegaserod-treated
patients vs 1.3% of placebo-treated patients. In a
correlative investigation, 36 healthy volunteers re-
ceived intravenous tegaserod in doses ranging from
0.8-20mg producing plasma levels up to 100-fold
greater than therapeutic concentrations.?*) ECGs
obtained from these individuals 30 minutes to 6
hours after administration exhibited no prolongation
of QT¢ intervals. These investigators concluded that
tegaserod is devoid of effects on ECG activity and is
likely to have no effect on cardiac function based on
this study and phase III RCT data.*!
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Table V. Effects of tegaserod on corrected QT (QTc) intervals on electrocardiographic testing (reproduced from Morganroth et al.,[®% with

permission)

QTc interval parameter

Tegaserod (n = 1679)2

Placebo (n = 837) Difference (95% CI)

Baseline (mean + SD, msec) 383 + 29
Change from baseline at end of therapy (msec) 21+222
Increase by 30-60 msec (% patients) 18.7
Increase by >60 msec (% patients) 0.9
Normal at baseline to prolonged during study 0.4

(% patients)

Normal at baseline to borderline prolonged 3.5
during study (% patients)

Borderline prolonged at baseline to prolonged 0.3

during study (% patients)

380 + 28
31+227 -1 (1.9, 1.4)
187 0(-3.3,32)
13 -0.4 (-1.3, 0.5)
0.6 -0.2 (-0.8, 0.4)
4.0 -0.5 (-2, 1.2)
0.4 -0.1 (-0.5, 0.4)

a 4 or 12 mg/day.

4.6 Additional Safety and Tolerability Data

No abnormalities in liver chemistries, renal func-
tion, electrolytes, plasma glucose, lipid profiles, or
urinalyses were attributable to tegaserod based on
data from phase III RCTs and post-US marketing
RCTs in IBS patients.!?33% Complete blood counts
showed no changes in haemoglobin or most white
cell populations. Elevated eosinophil counts were
noted more commonly among tegaserod-treated pa-
tients compared with placebo-treated patients, al-
though fewer than 5% of tegaserod-treated patients
demonstrated this increase. Six patients (0.14%)
receiving tegaserod had eosinophil counts in excess
of 1 x 109/L, whereas no person on placebo (0%)
showed such levels.?® Although these findings are
suggestive of possible infrequent allergic responses
to the drug, no patient exhibited symptoms of hyper-
sensitivity. Thus, the relevance of these observa-
tions is uncertain. Investigations in Asia-Pacific and
Nordic populations with non-diarrhoea-predomi-
nant IBS and from patients with chronic constipa-
tion not secondary to IBS have shown no reproduci-
ble laboratory abnormalities associated with
tegaserod use.[®12:13.30]

Twenty-two pregnancies were reported in phase
III RCTs of tegaserod in IBS with constipation;?®!
another nine occurred during the long-term, open-
label trial.?®3" The miscarriage rate per pregnancy
was 17% (4/23) on tegaserod compared with 12%
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(1/8) on placebo. This difference is not significant
given the small number of pregnancies observed. No
other adverse outcomes from pregnancy were re-
ported.

5. Conclusions

The selective 5-HT4 receptor agonist tegaserod
was recently approved for treatment of IBS with
constipation in women based on its clinical effects
to reduce global IBS symptoms, to relieve abdomi-
nal discomfort and bloating, and to improve stool
frequency and stool consistency. Tegaserod exhibits
no significant drug interactions. Diarrhoea is the
most common gastrointestinal adverse event associ-
ated with tegaserod use. Diarrhoea occurs in up to
10% of patients, although fewer than 3% of patients
discontinue treatment due to diarrhoea. In rare in-
stances, diarrhoea has produced severe conse-
quences including hypovolaemia. Infrequent cases
of ischaemic colitis also have been reported al-
though a causal relationship to tegaserod use is
unproven. No significant increase in any type of
abdominal or pelvic surgery has been observed with
tegaserod-treated patients compared with placebo-
treated patients. Headache is the most common ex-
tra-gastrointestinal adverse event associated with
tegaserod use, and occurs more frequently with
tegaserod use compared with placebo use in some
studies. No deleterious actions on most laboratory
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parameters have been observed, although individu-
als exhibit increased eosinophil counts on the rare
occasion. In contrast to the effects of the 5-HT4
receptor agonist cisapride, tegaserod produces no
cardiac toxicity and does not prolong electrocardio-
graphic intervals. Thus, the drug appears to exhibit
minimal toxicity in patients with IBS, and this fa-
vourable safety profile has been confirmed in pa-
tients with chronic constipation. Post-US marketing
surveillance will further define the safety profile of
tegaserod.
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