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Summary In the mid-1980s it was discovered that serotonin (5-hydroxytryptamine; 5-

HT) was at least partially responsible for producing chemotherapy-induced nau-
sea and vomiting. It was therefore realised that serotonin receptor blockade with
serotonin 5-Hgreceptor antagonists could inhibit chemotherapy-induced nausea
and vomiting.

5-HT3 antagonists have fiierent chemical structures and receptor binding
affinity. Granisetron, dolasetron and its major metabolite are purEs&htag-
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onists, while ondansetron and tropisetron are weak antagonists at theré-HT
ceptor. Ondansetron has also been demonstrated to bind at other serotonin recep-
tors and to the opioid receptor.

The half-lives of granisetron, tropisetron and the active metabolite of dolaset-
ron are 2 to 3 times longer than that of ondansetron. These observations initially
suggested that more frequent ondansetron administration would be required;
however, it has now been shown that receptor blockade does not correlate with
elimination half-life and all 5-H3 antagonists can be effectively administered
once daily.

Clinical trials have been conducted that directly compare the HaHfhgo-
nists. To compare these studies, it is necessary to assess trial design, including
known risk factors for the development of chemotherapy-induced nausea and
vomiting, and response criteria. Stratification for risk factors, use of strict efficacy
criteria and randomisation to a blinded trial using an appropriate comparative
regimen are essential for a well designed antiemetic trial.

Comparative clinical trials using various doses, routes and regimens of admin-
istration have been conducted with 544ifitagonists. Despite some trial design
shortcomings, most of the studies show equal efficacy between the agents, espe-
cially in moderately emetogenic chemotherapy and mild, infrequently occurring
adverse effects. The addition of steroids also appears to improve outcome. How-
ever, since many doses and regimens of ondansetron were used, further study is
needed to determine the optimal regimen.

The efficacy of 5-HE antagonists in controlling delayed nausea and vomiting
from chemotherapy is less well studied. Further, there is no good scientific ratio-
nale for the use of 5-HEntagonists in controlling delayed nausea and vomiting
since serotonin has not been shown to be released during the delayed phase. In
fact, most studies show no benefit or modest benefit of dartagonists over
placebo.

Because the 5-Hilantagonists perform similarly in the clinical setting, phar-
macological differences do not seem to translate into therapeutic differences.
There is also no appreciable difference in the incidence or severity of adverse
effects among the 5-HTantagonists. Determination of clinical use may then be
driven by cost.

Until the introduction of serotonin (5-hydroxy- these 5-H% antagonists to highlight their differ-
tryptamine; 5-HT) 5-HF receptor antagonists, ences and clinical efficacy.
control of chemotherapy-induced nausea and vom-
iting was either inadequate or produced unaccept-
able adverse effects. 5-gBntagonists have im-
proved the control of nausea and vomiting without

producing concomitant unacceptable adverse ef- |, 4.4er to understand the antiemetic pharma-
fects. There are currently four of these agents aVailioIogy of 5-HT, antagonists, it is necessary to un-
able worldwide and all four are deemed effectivegerstand the pathophysiology of chemotherapy-
and safe, but each has different characteristics anflduced nausea and vomiting. While the events
has been studied under different clinical condi{eading to vomiting have been elucidated, the
tions. This report reviews the pharmacological dif-mechanisms that trigger nausea are less well under-
ferences and the comparative clinical trials withstood.

1. Pathophysiology of Chemotherapy-
Induced Nausea and Vomiting

O Adis International Limited. All rights reserved. Drugs 1998 Feb; 55 (2)



5-HT3 Receptor Antagonists 175

1.1 The Mechanisms of the emetic centre, the CTZ and the gastrointestinal
Emetic Response tract. Activation of these receptors by chemother-
apy, metabolites and/or neurotransmitter release

Vomiting results from an intricate series of 4,sed by chemotherapy may all be responsible for
physiological events mediated by humoral facmr%nducing nausea and vomiting.

and afferent fibres and both inhibition and excita- 11,4 mechanism by which chemotherapy stimu-

tlont Olf somzt}c \tllschratlhmuscqltgture th[ﬂ?é]?_rﬁ UItI'Iates nausea and vomiting was only partially under-
mately coordinated by the vomiting Centre. 1he- o4 il that by which metoclopramide prevents
emetic centre is a nucleus of cells located in the

medulla and is the motor centre responsible for the au>c8 and vomiting was identifi€dBefore the

coordination of emesis. Afferent input to the discovery of 5-HE receptors, it was assumed that

emetic centre originates from at least 4 sources; thgopamme receptor blqckade was the me(_:hanl.f,m
chemoreceptor trigger zone (CTZ), the cortex, the?®y Which metoclopramide produced its antiemetic
vestibular apparatus and the gastrointestinal trac@Ctivity. Only later was it discovered that high
Vomiting occurs when efferent impulses are sentd0Ses of metoclopramide were blocking 53g-
from the emetic centre to the salivation centre, abceptors and that binding of serotonin to these re-
dominal muscles, respiratory centre and craniaFeptors stimulated vagal afferent neurons supply-
nerves. ing the upper gut.

With respect to chemotherapy and radiation Serotonin, found in high concentrations within
therapy, the CTZ, the gastrointestinal tract and théhe enterochromaffin cells in the dtbl is addi-
cerebral cortex have been identified as sources dionally located primarily in the CNS and platelets.
afferent input to the emetic centtél The cerebral 5-HT; receptors are widely distributed in periph-
cortex does not appear to provide input to the CTZral tissues, the nucleus tractus solitarius and the
in acute chemotherapy-induced vomiting, but mayCTZ where most vagal afferents enter the brain.
stimulate the emetic centre in anticipatory vomit- peripherally, chemotherapy and radiation cause re-
ing. The gastrointestinal tract is directly connectedease of serotonin from enterochromaffin cells

to the emetic centre via the nucleus tractus soliynich are found in the gut and which activate the
tarius and it also contains afferent fibres which ter4pqominal vagal afferentd.

minate at the CTZ. Because of its location within It has been shown that urinary excretion and

the area postrema, the CTZ is exposed to _bOt_Blasma concentrations of the major metabolite of
cerebrospinal fluid and the systemic C'rCUIa“On'serotonin, 5-hydroxyindole acetic acid (5-HIAA),

thus, gubstances circulating in both of these f.lu'dsfs increased after administration of highly emeto-
can stimulate the CTZ to release neurotransmitters,

All of the afferent inputs received by the vomiting genic chemotherafy and is not affected by the

centre are controlled by neurotransmitters and thei?dm|n|strat|on of 5-H3’antagon|sts. Thus, periph-
receptors. erally, 5-HT; antagonists do not prevent release of

serotonin, but bind to the 5-HTeceptors and pre-
vent chemotherapy-induced nausea and vomiting
by preventing agonism of the 5-BTeceptor by
serotonin. The largest concentration of 53H@&-
ceptors in the CNS is the nucleus tractus solitarius
Dopamine, acetylcholine, histamine and seroto-2nd the area postrema where the CTZ is located and
nin are all neurotransmitters which are involved inwhere vagal afferents enter the brain. Although not
the emetogenic pathways stimulated by radiatiorwell characterised, it is also believed that 53HT
and chemotherap$3! Receptors for each of these antagonists may mediate nausea and vomiting by
neurotransmitters are found in abundance in thénteraction with these central receptts.

1.2 Neurotransmitters and Receptors
Involved in Chemotherapy-Induced
Nausea and Vomiting
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2. Comparative Pharmacology of the In addition to 5-HE receptor binding, ondansetron
5-HT3 Receptor Antagonists binds at 5-H1g, 5-HTic, a;-adrenergic and opioid
U receptors and tropisetron binds to 5;H&cep-

Since their discovery, several 5-kiTeceptor  tors[12 The affinity of ondansetron for the 5-HT
antagonists have been identified and are listed ifeceptor is 250 to 500 times that of other receptors.
table 1. Granisetron, ondansetron, tropisetron angespite the differences in chemical structure, re-
dolasetron are the four drugs of this class that haveeptor binding and affinity, these properties do not
been approved to date in different countries worldappear to have an effect on the therapeutic activity
wide for the prevention of chemotherapy-inducedor adverse effect profiles of the 5-gld@ntagonists.
nausea and vomiting. Although they all share an addition, receptor binding and affinity studies
common mechanism of action in preventing nauseahould be interpreted with caution: since they are

and vomiting, there are differences in their phar-performedin vitro, they may not reflect clinically
macological profiles. The major differences areimportant differences.

found in their chemical structure, 5-klTeceptor
affinity, dose-response curve and pharmacokinetic
profile. The 5-HE antagonists have different
chemical structure$! ondansetron is a carbazole

derivative, while granisetron is an indazole, and _ )
Dose-response curves with 5-FHa&ntagonists

tropisetron and dolasetron are indole moieties\h b di imal model q
Ondansetron exists as a racemic mixture of 2 en’2veé PEEN compared in animal models and some

antiomers. The others are single molecular speue%'ﬁerer'ceS have been |den_t(|jf|é1?_.f_c(;1rfvn|near_ ¢
without enantiomers. ose-response curves were identified for graniset-

ron, dolasetron and tropisetron in animal models.
Dose-response is linear up to a point when sub-
sequent increases in dose do not result in equiva-
lent increases in response. Ondansetron has an un-
sual dose-response curve that produces an initial

: decrease in emesis followed by an increase, and it
types (5-HE, 5-HTz 5-HTs and 5-HT,), each with is not until the dose increases further that control

vari hav n char h - . . :
arious subtypes, have been characteriSédhe of emesis is regaind#! Differences in receptor

role of 5-HT; receptors in mediating chemother- ~. ~. .
: e .binding and the surmountable antagonism of
apy-induced nausea and vomiting is discussed in ) . .
. : ondansetron by increasing concentrations of sero-
section 1.2. 5-Hreceptors are responsible for the
prokinetic activity in the gastrointestinal traty,
while the function of the other receptors and their rapje 1. 5.HT; antagonists
subtypes is less clearly defined. Y
Granisetron, dolasetron and its major metabo-polasetron?
lite have been identified as pure 5-4feceptor  GR-65630
antagonists. While binding of these agents may oc-Granisetron
cur at other receptors, the affinity is extremely low O”dans‘?‘“’c”b
compared with the binding that occurs at the BHT Renzaerde”
. Tropisetron
receptor. Granisetron, for example, has >4000 toZacopri e¢
>40 000 times higher binding affinity for the 5- ., cetron
HT3 receptor than any other receptor type that haS  pure 5-HT; receptor antagonist.
been studied. The major metabolite of dolasetrono weak 5-HT, antagonist.
has an affinity for the 5-Hilreceptor that is 23 to ¢ Weak 5-HT4 agonist.

64 tlmes greater than that Of the parent CompoundAbbreraﬁOn.' 5-HT = 5-Hydroxytryptamine (serotonin).

2.2 Dose-Response Curves with the
5-HT3 Antagonists

2.1 Receptor Binding and Affinity

Using radioligand binding techniques and func-
tional studies, at least 4 distinct serotonin recepto
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Table Il. Comparative pharmacokinetics of 5-HTs antagonists in adults with cancer5-20]

Ondansetron Granisetron Tropisetron Dolasetron?
Dose 0.15 mg/kg IV 40 ug/kg IV 10mg IV 0.6-3.0 mg/kg IV
ty, (h) 3.9 9.0-11.6 7.3 7-9
CL (L/min) 0.398 0.24-0.43 0.96 0.42°
vd (L) 160 154-228 554 109°

a Pharmacokinetic values reported for the active metabolite of dolasetron.
b Normalised to 70kg bodyweight.
Abbreviations: CL = clearance; IV = intravenous; t, = half-life; Vd = apparent volume of distribution.

tonin, not seen with granisetron or tropisetron, may 3. Interpreting Clinical Trials with
account for the dose-response relationship ob- Antiemetic Agents

served with ondansetron.
3.1 Risk Factors for Developing

Chemotherapy-Induced Nausea
2.3 Pharmacokinetic Differences and Vomiting

o There are known risk factors for the develop-
Some of the pharmacokinetic parameters of thenent of chemotherapy-induced nausea and vomit-

5-HT; antagonists are summarised in tabf% i These are listed in table P} The efficacy of
Granisetron and tropisetron have long eliminationantiemetics is influenced by variables such as the
half-lives compared with that of ondansetron. patient characteristics and the emetogenic poten-
Dolasetron, as the parent compound, has a shottal of the chemotherapy. These variables should be
elimination half-life (0.13 to 0.24 hours), but it is considered carefully when examining studies of
rapidly metabolised to its active metabolite which the éfficacy of any antiemetic regimen.

has an elimination half-life similar to that of  3.1.1 Patient Characteristics

granisetron and tropisetron. Early clinical studies Studies that are not matched for the patient risk

of dosage regimens took into consideration thesé2ctors outlined in table Il may be potentially
differences in half-life; thus, ondansetron was inj-Pi@sed. Patients with a prior history of long term
tially administered 3 times daily compared with
once daily for the other 5-HTantagonists. It has Table I11. Risk factors for developing chemotherapy-induced nau-
now been demonstrated that ondansetron, as wefiea and vomiting
as the other 5-Hifantagonists, can be effectively A9 <50
administered once dalR}-3% and that antiemetic Female sex
) ) . Negative history of alcohol use
efficacy persists long after their plasma concentra-sysceptibility to motion sickness
tions are undetectable. This indicates that interac-Anxiety
tions at the receptor level, not plasma pharmacoki->ePression

. h . iteria for defini Nausea and vomiting with previous cycles of chemotherapy
netics, are the most Important criteria for de Ining perspiration after the last chemotherapy treatment

efficacy. sensation of warmth or heat after last chemotherapy treatment
Other than differences in half-life, other phar- post-treatment dizziness and lightheadedness
macokinetic parameters of the 5-fHantagonists ~ S€Ve'iy of post-treatment nausea and vomiting
.. . . . no. of chemotherapy cycles received
are very similar. Thus, pharmacokinetic differ- lengthy chemotherapy infusions
ences among these drugs are unlikely to contribute delayed onset nausea and vomiting

signiﬁcanﬂy to clinical differences in activity. abnormal taste sensations during chemotherapy administration

O Adis International Limited. All rights reserved. Drugs 1998 Feb; 55 (2)
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Table IV. Emetogenic potential (mg/m? body surface area) of commonly used chemotherapeutic agents (from Hesketh et al.[*% with

permission)

Level 5 (>90%)

Level 4 (60-90%)

Level 3 (30-60%)

Level 2 (10-30%)

Level 1 (<10%)

Carmustine >250
Cyclophosphamide >1500
Chlormethine (mechlorethamine)
Carboplatin

Cisplatin <50

Cytarabine >1 g/m?
Methotrexate >1000
Cyclophosphamide <750
Doxorubicin 20-60
Altretamine [hexamethylmelamine] (oral)
Ifosfamide

Mitoxantrone <15
Docetaxel

Fluorouracil <1000
Methotrexate >50 <250
Paclitaxel

Bleomycin

Chlorambucil (oral)
Fludarabine

Methotrexate <50
Thioguanine (oral)
Vincristine

Cisplatin 250
Dacarbazine
Streptozocin

Carmustine <250
Cyclophosphamide >750 <1500
Doxorubicin >60
Procarbazine (oral)
Cyclophosphamide (oral)
Epirubicin <90

Idarubicin

Methotrexate 250-1000

Etoposide
Gemcitabine
Mitomycin

Busulfan

Cladribine (2-chlorodeoxyadenosine)
Hydroxycarbamide (hydroxyurea)
Phenylalanine mustard (oral)
Vinblastine

Vinorelbine

alcohol intake have a decreased risk for the develdp the combination regimen may have only mod-

opment of chemotherapy-induced nausea and vonerate or low emetogenic potential. Therefore, the
iting,41] while younger patients (<50 years old) type and dose of chemotherapy should be consid-
and female patients are at an increased risk for thered when evaluating the efficacy of antiemetic

development of chemotherapy-induced nausea an@gents.

vomiting [4243] -
3.1.3 Acute, Delayed or Anticipatory

3.1.2 Chemotherapy Risk Factors Nausea and Vomiting . . . .
Certain chemotherapy regimens are more Another consideration for assessing antiemetic
emetogenic than others. Table IV lists the emeto-efflcacy is the postchemotherapy period being

genic potential of commonly used Chemotherapyevaluated. For example, cisplatin causes acute nau-

40 o . . L sea and vomiting that occurs over the first 4 hours
agentdd Studies in which patients receive highly -~ . .

. . after administration, followed by delayed emesis
emetogenic chemotherapy are likely to show

which may last for up to 7 day¥! Cyclophos-
poorer results than those where the chemotherapé{h‘,j“,nide in high doses usually does not precipitate

Is only moderately emetogenic. Chemotherapy;,itia| episodes of nausea and vomiting until 12 to
dose is an important factor to consider when evalo4 hours after administratid#! Nausea and vom-
uating the antiemetic efficacy of 5-HBntago- iting that begins within the first 24 hours after che-
nists. Some chemotherapy agents may be highlyhotherapy is known as acute nausea and vomiting
emetogenic when given as a high dose and onlgnd, though it can be severe, is responsive to pro-
moderately emetogenic when given in lower dosesphylaxis with antiemetic therapy. Delayed nausea
In addition, combination regimens may be highly and vomiting, occurring more than 24 to 96 or 120
emetogenic while the individual agents that makehours after chemotherapy, and anticipatory nausea

O Adis International Limited. All rights reserved. Drugs 1998 Feb; 55 (2)
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and vomiting, which is psychogenically medi- is suboptimal, bias may be created in favour of the
ated[#®! are distinctly different types of nausea andstudy regimen. Well designed trials should use the
vomiting from the acute type. 5-HTantagonists most effective available antiemetic regimen as the
are not effective for anticipatory nausea and vom-comparator in antiemetic trials. Patients and inves-
iting and are considerably less effective in the detigators also should be blinded to prevent bias, es-
layed setting. Familiarity with the patterns of nau-pecially since nausea and patient preference are
sea and vomiting associated with chemotherapyoth subjective outcomes.

regimens is essential in interpreting clinical trial

results. 4. Comparative Efficacy of
5-HT3 Antagonists for Controlling
3.2 Definition of Efficacy Acute Nausea and Vomiting

Interpreting the comparative efficacy of anti-  All currently marketed 5-H3 antagonists have
emetics is made difficult by the fact that the effi- been demonstrated to be efficacious in preventing
cacy criteria in clinical trials are not consistent. acute chemotherapy-induced nausea and vomiting
Complete, major and minor responses are definewith both moderately and highly emetogenic
in terms of the number of episodes of vomiting orchemotherapy regimens. They also have greater ef-
retching and the severity of nausea. The number dfcacy and less toxicity than other classes of agents
vomiting episodes and retches and the nausea afr treating this problem. Clinically important dif-
sessment scales that define each degree of resporfegences among the 5-HBntagonists have been
vary from study to study. This makes direct com-difficult to demonstrate. Table V summarises stud-
parison of the antiemetic efficacy of 5-gldntag- ies that have been conducted to directly compare
onists difficult. In the past, complete responsesefficacy among the 5-Hirantagonists currently
have been defined as no episodes of vomiting oavailable for patient use.
retching and no or mild nausea. Major responses
have been defined as less than 2 vomiting episodes 4.1 Comparative Clinical Trials of
or retches and/or mild to severe nausea, while mi- 5-HTsz Antagonists in Acute
nor responses were 2 to 4 vomiting episodes or Nausea and Vomiting
retches. Failures were most often defined as >4 epi- In an open label study by Bonneterre €4,

sodes of vomiting of a 24 hour period of time. L A .
Many studies are designed to look at the episodethere was no statistically significant difference

. . . found in the complete control of either nausea or
of emesis as the primary end-point, and may no

. ) : vomiting by either ondansetron or granisetron dur-
consider nausea as an end-point when, in fact, pa-

. . . . ing the first 24 hours after moderately emetogenic
tients may find nausea to be more disturbing tha g y g

vomiting. It is most appropriate to evaluate nause%hemotherapy. 90% of the patients were female_z,
- ) Fnost undergoing treatment for breast cancer. This
and vomiting separately, and to base efficacy state- .
ments on both parameters. study also compared delay_ed emesis control on
days 2 to 5 and found no difference between the
groups (granisetron 37%, ondansetron 32%) over
this period, despite the administration of oral doses
Placebo arm trials of antiemetics are considereaf ondansetron for 3 days after the first day of che-
unethical, since effective regimens are availablemotherapy in the ondansetron arm. There was no
for preventing chemotherapy-induced nausea angatient preference expressed for either of the treat-
vomiting. The efficacy of new agents or their usements and no difference in adverse events.
in different doses, regimens or setting is deter- A second study by Noble et/&] compared the
mined by using another antiemetic regimen as thefficacy of ondansetron and granisetron in a pla-
comparative regimen. If the comparative regimencebo-controlled design. Patients were receiving

3.3 Clinical Trial Design
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Table V. Comparative studies of 5-HTs antagonists for acute nausea and vomiting

Antiemetic agents Chemotherapy No. of  Study design 24h complete control (%) Reference
(mg) pts emesis nausea
OND 8 IV +8 PO q8h x 3 Moderately emetogenic 1502 Randomised, open, 7 a7 21
GRA3 IV crossover 72 54
OND 8 IV tid x 5 days 5-day fractionated cisplatin 3092 Randomised, 89.1; cycle 1 22
(mean 19.2 mg/m?/day) double-blind, crossover gg 4: cycle 2

40; 5-day
GRA 3 IV x 5 days 91.5; cycle 1

82.6-cycle 2

44 - 5 day
OND 0.15/kg % 3 Cisplatin >60mg/m? (median 9872 Randomised, double- 39 40 23
GRA 10 uglkg 81.4mg/m?) blind 38 39
GRA 40 pg/kg 40 42
OND 8 IV Cisplatin >50mg/m? (median 4962 Double-blind, 59 56 24
OND 3 IV 78mg/m?) randomised parallel 51 48
GRA3 IV 56 56
OND 8 IV + 8 PO bid x Moderately emetogenic 4882 Randomised, double- 78 51 25
4 days blind double dummy
OND 8 PO + 8 PO bid x 4 78 55
days
GRA3 IV 81 54
OND 24 IV Cisplatin >70mg/m? (mean 182 Randomised, open 52 74 26
GRA3IV 84mg/m?) label 49 79
OND 16 IV Moderately emetogenic 164 69 50 26
GRA3 IV 67 45
OND 24 IV divided dose +  Cisplatin =250mg/m? 862 Randomised, open 67 27
8 bid day 2 label, crossover
GRA3 IV 72
OND 0.15/kg IV x 3 Highly (HE) and moderately 118 Randomised, open 54-HE 28

(ME) emetogenic 67-ME

GRA 40 pg/kg 62-HE

73-ME
OND 8 IV + DEX 20 IV Cisplatin >50mg/m? (median 9662 Randomised, double- 79 72 29
GRA3 IV + DEX 20 IV dose 75mg/m?) blind 80 72
TRO5 IV +5POdays 2-6  Cisplatin >50mg/m? 2312 Randomised, double- 54 66 30
OND 32 IV + 24 PO blind 65 62
days 2-6
TRO5 IV +DEX 10 IV Moderately emetogenic 39 Randomised, crossover 97* 31
OND8IV+8POx2+ 82*
DEX 10 IV
TROS5IV+5PO qd x Moderately emetogenic 40 Randomised, open, 45 60 32
4 days parallel
OND 8 IV +8 PO tid x4 35 50
days
GRA3 IV Moderately emetogenic 1222 ‘Allocated to group’, 66° 30° 33
OND 16 IV +8 PO x 2 parallel 69° 39°
TRO 5 IV +5 PO x 4 days 72° 440
OND 24 IV Cisplatin > 80mg/nm? 862 Randomised, open 65 34
GRA3 IV label, crossover 72
TRO5 IV 44*

O Adis International Limited. All rights reserved.
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Table V. Contd

Antiemetic agents Chemotherapy No. of  Study design 24h complete control (%) Reference
(mg) pts emesis nausea

OND 8 IV Moderately emetogenic 130 Randomised, open 69* 17 35
GRA3 IV label, crossover twice  gp* 42

TROS5 IV 75 15

OND 32 IV Cisplatin >70mg/m? 6092 Randomised, double- 43 36
DOL 1.8/kg IV blind 44

DOL 2.4/kg IV 40

DOL 1.8/kg IV Cisplatin >80 mg/m? 474 Randomised, double- 54 43 37
DOL 2.4/kg IV blind 47 44

GRA3 IV 48 42

DOL 2.4/kg + DEX 8 PO, Moderately emetogenic 6962 Randomised, 56* 38
then DOL 200 PO + DEX 8 double-blind, 2 x 2

x 6 days factorial comparative

OND 32 + DEX 8 PO, then 65*

OND 8 PO bid + DEX 8 x

6 days

DOL 25 PO Moderately emetogenic 309 Randomised, double- 45 39
DOL 50 PO blind 49

DOL 100 PO 49

DOL 200 PO 61

OND 8 PO x4 72

a Naive (i.e. patients who had not received prior chemotherapy)
b 5-day assessment period.

Abbreviations and symbol: bid = twice daily; DEX = dexamethasone; DOL = dolasetron; GRA = granisetron; IV = intravenously;
OND = ondansetron; PO = orally; qd = once daily; tid = 3 times daily; TRO = tropisetron; * p < 0.05.

fractionated cisplatin or ifosfamide administeredet al?3! compared the initial manufacturer’s ap-
over a 5-day period. Efficacy was evaluated afteproved dose of ondansetron in the US (0.15 mg/kg
the first and second cycles and for the 5-day treatintravenously) with 2 doses of granisetron, one of
ment period. Complete control rates of between 8@vhich was the approved dose in Europej(dkg
and 90% were achieved over the 24-hour periodntravenously) and the other a dose which had been
following both cycle 1 and cycle 2. However, the found to be equally efficacious in other studies (10
5-day assessment control rate was 40 to 44%. Fqug/kg intravenously). The design was a rigorous
all assessment periods there was no statisticallyest of antiemetic efficacy because the mean dose
significant difference between the 2 treatmentof cisplatin that patients received was 81.4 nfg/m
groups. Interestingly, there was a statistically sig-but most of the patients were male. The results
nificant difference (p = 0.048) in patients who ex- showed equal efficacy among all 3 arms for both
pressed a preference for either of the two, with 26%mausea and vomiting; however, the efficacy rates
of patients preferring ondansetron and 34% prefer{30 to 40%) were low in all 3 arms. This is perhaps
ring granisetron; however, there was no differencehe result of very strict criteria used to define com-
reported in the incidence or severity of adverse efplete control (no vomiting, retching, nausea or use
fects or efficacy between the 2 groups and thus thef rescue medications) and the high median dose
reason for the difference in patient preference if cisplatin that patients received. A subset analy-
unclear. sis was performed in 267 patients who had re-
Other studies have compared different dosageeived>100 mg/n? of cisplatin. Total control was
strategies of ondansetron and granisetron. Navaachieved in 28 and 33% of patients receiving low
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dose and high dose granisetron, respectively, and This study has important caveats. First, 26% of
in 25% of patients receiving ondansetron, althoughhe patients in the granisetron arm were rescued
patient numbers are probably too small to drawwith other antiemetics or withdrawn from the study
valid conclusions. due to lack of response when comparing efficacy
Ruff et all?4 conducted a study directly com- for emetic episodes over the 5-day study period,
paring 2 different doses of ondansetron (8 or 32mgyompared with 11% for the intravenous ondan-
with granisetron 3mg in a group of patients receiv-setron arm; however, there was no difference in
ing cisplatin. The study was randomised andnausea control for the same period among the 3
blinded and patients were crossed over. Both naudroups. The oral ondansetron group had a signifi-
sea and emesis were assessed during the 24-hdgantly higher percentage of patients who required
period after chemotherapy. Again, there was no statescue or withdrawal compared with the intra-
tistically significant difference between the 2 Ve€nous ondansetron due to lack of emesis control
agents when assessing complete control of nausé4 day 1. o _
or vomiting, or in either of the parameters analysed Secondly, this is the only study comparing usual

separately. This study also found no statisticallyd®Ses of granisetron with ondansetron that has
significant difference in patient global satisfaction, 4€monstrated a statistically significant difference

The results of this study are somewhat difficult to!" Ny €fficacy parameter — a decrease in nausea
interpret because 1

4% of patients received <5(pverthetotal 5-day period being found in the intra-
mg/n¥ of cisplatin despite an eligibility criteria to venous-plus-oral ondansetron arm. A possible
receive=50mg/n?. Also, as in many of the other explanation is that a large percentage of patients
comparative studies, rescue medication use fof

eceived cyclophosphamide-containing regimens
breakthrough nausea or vomiting was not reported;

nd it is known that emesis may not begin until 12
. ; to 24 hours after that agent has been administered.
These results are interesting because the low doslg . T "
more likely explanation is that the additional

of ondansetron was found to be as efficacious a .
doses of oral ondansetron received over the 4-day

the higher ondansetron dose and the granisetron_ . . :
3mad As will be d trated in other studi period may account for the improved efficacy and
mg dose. As WITTbe demonstrated in otner Stu IeSr’nay signal the need for later administration of a

the optimum dose aqd regmen for ondansetron ha‘§-HT3 antagonist after regimens containing high
not yet been clearly identified.

&5 doses of cyclophosphamide.
The study by Stewart et &tlis another testof e studies comparing ondansetron and gra-

lower doses of ondansetron and demonstrates thgfsetron in both highly and moderately emetogenic
an all-oral administration of ondansetron may bechemotherapy have been publish&®! and the
equally as efficacious as an intravenous-plus-orafegits have shown that both are efficacious in con-
regimen in moderately emetogenic chemotherapyolling acute nausea and vomiting and there is no
In this study, patients on the ondansetron arms restatistically significant difference between the two.
ceived ondansetron 8mg either intravenously ol the study by Martoni et df7] there was a strong
orally before chemotherapy, followed by oral patient preference for granisetron; however, the pa-
ondansetron 8mg twice daily for 4 days aftertient numbers were small, the study was open-label
chemotherapy in both arms. The third arm of paand no explanation can be given for the difference
tients received granisetron 3mg on day 1 only angince efficacy and tolerability were the same for
placebo over the next 4 days. The 5-day assessmepibth the ondansetron and granisetron regimens.
period showed no difference among the groups for The control rates of these 2 agents in acute
emetic episodes, but the intravenous-plus-orahausea and vomiting have also been shown to be
ondansetron arm was superior to the granisetroaugmented by the addition of dexamethasone in
arm for nausea: 3&s 25%, respectively. patients receiving highly emetogenic chemo-
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therapyl29] Patients had a 79 and 80% completeto ondansetron, but not to tropisetron, for complete
control rate with ondansetron and granisetron, reeontrol of emetic episodes. The low control rate for
spectively, when intravenous dexamethasonendansetron compared with the previous studies
20mg was added before treatment. These resultmay be due to: (a) the use of a single low dose of
have been confirmed in studies that have comparedndansetron; (b) the lack of use of dexamethasone;
dexamethasone, 5-Hantagonists and the combi- and (c) the possibility that additional doses within
nation of the twd?4748l These studies also demon- the first 24 hours provide greater 24-hour efficacy
strate that there is no difference between an 8mdpr a regimen containing cyclophosphamide. None
dose of ondansetron and a 3mg dose of granisetroof these studies comparing the three Ssldiitag-
when combined with dexamethasone. onists was blinded, and testing for carry-over ef-

Although not approved for use in the US, tropi- fects of the crossover design was not reported.
setron is available for use in Europe and other Dolasetron is the newest of the 5-4dntago-
countries for the control of chemotherapy-inducednists to be approved for use in the prevention of
nausea and vomiting. Studies comparing this drughemotherapy-induced nausea and vomiting. To
with both granisetron and ondansetron have beedate, there have been 4 studies published that com-
conducted. In a study of 231 patients, Marty etpare dolasetron with either ondansetron or grani-
al.[?% showed that tropisetron was as effective asetron.
ondansetron in controlling emetic episodes in pa- A comparison of 2 doses (1.8 and 2.4 mg/kg) of
tients receiving50mg/n? of cisplatin (54/s65%, intravenous dolasetron against a single dose of in-
respectively). Jantunen etl@l compared tropiset- travenous ondansetron 32mg in patients receiving
ron with ondansetron in a nonblinded, crossove=70mg/n? of cisplatin has been published by
study in 39 patients receiving cyclophosphamide-Hesketh et df®! The majority of the 609 patients
based regimens. Patients in both study arms alsm this study were female and had not received
received intravenous doses of dexamethasonprior chemotherapy. There was no difference in
20mg before chemotherapy. Ondansetron was st@metic response rate among the 3 groups. A subset
tistically more effective in controlling acute vom- analysis of patients who receive@lmg/n? of cis-
iting (97%) than tropisetron (82%). Patients on theplatin also showed no difference in response
ondansetron arm were given the drug 3 times in thamong the 3 groups; however, as expected, the re-
first 24 hours, compared with only once for sponse rates were significantly lower than those
tropisetron arm. seen in the lower cisplatin dose groy(@ to

A study by Campora et &4 showed that <90mg/n¥). Nausea was evaluated on a visual an-
tropisetron 5mg given daily over 4 days was equiv-alogue scale and also showed no difference be-
alent to ondansetron 24mg over 4 days in womentween the dolasetron and ondansetron groups.
given moderately emetogenic chemotherapy folNausea was less well controlled in the group of
the treatment of breast cancer. Some of these stugatients receiving the 2.4 mg/kg dose of dolasetron
ies comparing ondansetron with tropisetron havecompared with the 1.8 mg/kg dose. Headache was
potential flaws that might bias results, such asthe most frequently reported adverse effect and
small numbers of patients and unblinded, non-was also equal among all 3 groups.
crossover study desigfd:34 A similarly designed study was performed by

Another study with a similar design by JantunenAudhuy et al3”! Dolasetron was administered in
et all3%] compared intravenous ondansetron, granithe same manner as that reported in the study
setron and tropisetron, but the dose of ondansetroabove, but was compared with a single intravenous
(8mg) was lower. In this study, most of the patientsdose of granisetron 3mg. All patients in this study
were female and had received prior chemotherapyeceived cisplatire80mg/n#, but not all were
Granisetron was shown to be statistically superiochemotherapy naive. No differences among re-
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sponse rates were reported in this trial for either The report by Jantunen etl# reveals that in-
nausea or vomiting. There was also no difference¢ravenous ondansetron 8mg is inferior to intra-
in type or severity of adverse effects. venous granisetron 3mg (68 80%; p = 0.034).

A comparison of dolasetron with ondansetron inThe difference in efficacy may be attributed to the
combination with dexamethasone was reported afgw dose of ondansetron used in this trial; however,
an abstract by Lofters and Z&#.Patients received  the [talian Group for Antiemetic Research reported
either dolasetron or ondansetron intravenously ORqual efficacy when these same doses were used in
day 1 with or without orally administered dexa- compination with dexamethasoR8. Another
methasone. This was followed by an oral reglmenstudy by Jantunen and colleagues demonstrated

Of_ the 5-HT receptor antagonist, again with or g, intravenous-plus-oral ondansetron 24mg is su-
without dexamethasone, for 6 days, for a total of 7

. . . _perior to intravenous tropisetron 5mg, both in com-
days of treatment. In patients who did not receweE

. .~ bination with dexamethasone in moderately
dexamethasone, complete protection was signifi-

emetogenic chemothera§j! Another study dem-

cantly better in the group receiving ondansetron trates that ond tron 24ma is effect
(65%) than in the dolasetron group (56%). Patient$"Strates that ondansetron 2amg 15 efiective even

who received dexamethasone in combination witH" highly emetogenlc chemothera[ﬁ?. Despite

the 5-HT; antagonist also had a superior complete”“mem%‘s trials that demonstrate efficacy, the dose
protection rate (66% with dexamethasone and 5498"d regimen of ondansetron has not been clearly
without). defined.

Oral dolasetron has also been tested against oral It has been demonstrated from these studies that
ondansetron for efficacy in moderately emetogenidntravenous granisetron 3mg is as effective as other
chemotherapy. Fauser et/#l. performed a dose- 5-HTzantagonists; however, the dose approved for
ranging study of oral dolasetron administered beuse in the US for granisetron is {@/kg intra-
fore chemotherapy compared with oral ondansetvenously, which is somewhat lower than that ap-
ron 8mg before chemotherapy and every 8 hourproved in Europe where many of the comparative
for 3 doses. The dolasetron 200mg dose was sigrials with granisetron have been performed. Only
nificantly better than the 25, 50 and 100mg dosesne of these comparative studies used the dose ap-
in controlling emesis. Ondansetron was signifi-proved in the U] however, this large, well de-
cantly better than the 25 and 50mg doses of dolase&igned study did demonstrate that the kg

ron, but not the 100 and 200mg doses. In additiongose has equivalent efficacy to the 4@’kg (ap-
dolasetron 200mg orally was statistically signifi- proximately 3mg) dose.

cantly better than ondansetron in controlling nau- Tropisetron was found to be inferior to ondan-
sea, based on a visual analogue scale assessmeRyon and granisetron in one stti#lin which pa-

tient numbers were small, but the differences (44
vs 65 and 72% complete response, respectively)

Despite the shortcomings of some of the Stud}yvere large in patients recgiving highly emetogenic
designs, the studies discussed above provide usefGii€motherapy. Both granisetron and ondansetron
information on the comparative clinical efficacy of Were superior to tropisetron (p<0.001 and p<0.004,

5-HT, antagonists. Although statistically signifi- respectively). In another small study, tropisetron
cant differences in efficacy are reported in somevas statistically inferior to ondansetron (&57%
trials[31.3435.38lthe overall preponderance of the complete response, respectivef#). More com-
studies shows equal efficacy among all of the 5parative studies of tropisetron would be useful in
HT3 antagonists in the prevention of chemother-determining its comparative efficacy in the treat-
apy-induced nausea and vomiting, especially foment of nausea and vomiting with highly emeto-
moderately emetogenic chemotherapy regimens. genic chemotherapy.

4.2 Summary of Comparative Studies
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In the 4 studies comparing dolasetron and onmore frequently in patients receiving those drugs
dansetron, only one showed a statistically signifi-than in those receiving a comparator (other non-
cant difference in favour of the latféfl In 3 stud- 5HT3 receptor antagonists such as antiemetics) or
ies of highly emetogenic chemotherapy, dolasetromplacebo. Fatigue and sedation are also usually re-
was as effective in controlling acute nausea angborted as mild. Extrapyramidal adverse effects are
vomiting as granisetron and ondansetfs7:391  not reported with the 5-Hfantagonists, but occur
Dolasetron has been less well studied than that a high frequency in patients receiving high dose
other 3 available compounds and has only recentlynetoclopramide. There have been significant ele-
been approved for use, but these comparative studations in hepatic transaminases in patients receiv-
ies show excellent efficacy and this agent promisesng 5-HTs receptor antagonists, but these same el-
to be another useful alternative to the 5s;ldiitag-  evations were not observed in healthy volunteers,

onists already available. which suggests that chemotherapy is responsible
for hepatic toxicity, not 5-H7 antagonists. Elec-

4.3 Comparison of Adverse Effects of trocardiographic (ECG) changes have also been

5-HT3 Antagonists observed with all of these agents, but were not clin-

ically significant, and their relationship to the 5-
Itis clear from all of these studies that the safetyqT; antagonists is unclegf.37:50-52]

profile of each of the 5-Hifantagonists is superb.
None of the studies, with hundreds of patients en-
rolled, has demonstrated any adverse effects that 4.4 Is Statistically Significant
are significant or severe. This is especially true in  Clinically Meaningful?
comparison with the adverse effect profile of other
antiemetic agents. It is also clear that the adverse Despite the report of some statistically signifi-
effect profiles of the 5-Hyantagonists are not dif- cant differences among the 5-Hantagonists, it is
ferent despite some pharmacological and pharmadifficult to know if these differences translate into
cokinetic differences. All of these agents are safeclinically meaningful differences, especially when
well tolerated and, in terms of adverse effect prothe majority of comparative studies show no dif-
files, no different. ferences in efficacy. The largest statistically signif-
The adverse effects of 5-HRntagonists have icant percentage difference between treatment
been reviewdd® and are listed in table VI. They groups was 15% in a study of only 39 pati€ts
are usually mild to moderate and transient, rarelyand, in all of the other studies, differences in con-
requiring drug discontinuation. Headache is thetrol rates were less than this. In addition, a similarly
most commonly reported adverse effect, but is usudesigned trial of approximately the same number
ally rated as mild to moderate and is relieved byof patients shows no statistically significant differ-
non-narcotic analgesics. This is the only advers@&nce between the same 2 treatments.
effect of the antagonists that is reported to occur Patient preference for granisetron was observed
in 3 of 4 studies where it was assessed, and there
was no significant difference in the fourth. This
outcome is difficult to interpret, since only patients
who expressed a preference were included in the
evaluation and there were no differences in effi-

Table VI. Adverse effects of 5-HT3 antagonists

Headache
Lightheadedness or dizziness
Abdominal pain or cramping

Constipation cacy or adverse events to explalr_w t_he difference in
Sedation and fatigue preference. For these reasons, it is not clear that
Elevations in hepatic transaminases and/or bilirubin this is a meaningful difference between granisetron
Electrocardiographic changes and the other 5-Hgrantagonists, but it is an area
Abbreviation: 5-HT = 5-Hydroxytryptamine (serotonin). that deserves further research.
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5. Comparative Efficacy of three times daily for 5 days. Vomiting was control-
5-HT3 Antagonists in Delayed led in only 24% of patients receiving ondansetron
Nausea and Vomiting and 27% of those receiving metoclopramide. Nau-

) ] sea was significantly better controlled with meto-
Less is known about the efficacy of 5-fan- clopramide than with ondansetron.

tagonists for the prevention of delayed nausea and  gjmilar results were observed by Jones &8hl.

vomiting. This can be a serious complication for,\hen they compared ondansetron and dexametha-
patients. It can be protracted and severe, and theg,ne for hoth acute and delayed nausea and vomit-
are very few good treatment options for its Prevening from cancer chemotherapy. No difference in

gon. fri‘?‘ et al,['ssl have r.e.portﬁ.d rt]hde incid.enlce. to delayed vomiting was demonstrated between the 2
€ 93% in patients receiving high dose cisplatin. groups, while dexamethasone was significantly

The 5-HT; antagonists have not been uniformly peter than ondansetron in controlling delayed nau-
effective in preventing delayed nausea and vomity,

ing. Urinary excretion of the serotonin metabolite,
5-HIAA, peaks at 6 hours after cisplatin chemo-
therapy and declines steadily thereafter to pre
treatment levels by 24 houfé! This provides ev-

Navari et al? designed a study to determine
the efficacy and safety of oral ondansetron for
the control of delayed emesis in patients who had

; T ot required rescue medication for acute emesis.
idence that delayed nausea and vomiting is no . . :

: : . hemotherapy-naive patients were randomised to
associated with serotonin release and that other

. . receive ondansetron 8mg twice daily on days 2 and
neurotransmitters must be involved. . . 9 y y
. 3, 8mg twice daily on days 2 to 6, or placebo on
Ondansetron has not been shown to be consis; :
. days 2 to 6. Efficacy results for both ondansetron
tently more effective than other treatments or pla-

cebo for preventing delayed nausea and vomit&ms were combined. The percentage of patients

ing [55-60] Gandara et 4¥5! studied 31 patients who a(_:hieving a complete response and major response
had undergone chemotherapy with high dose cis‘f\"th ond_anse;ron_on days 2 and_ 3_was 56%, com-
platin. After standard antiemetic therapy for the pare_d with 37% with placebo_. Thisis one ofthe few
first 24 hours, patients were randomised12to studies that show any benefit of 5-Ffintagonists

receive ondansetron 16mg 3 times daily for 4 daydn delayed nausea and vomiting and is not con-
or a matching placebo. Over the 4-day period, therdfmed by other studies.
was no difference between groups in the number of 17OPisetroff.62land granisetrdf?*“have also
patients who experienced nausea or vomiting. been studied in the delayed nausea and vomiting
De Mulder et al?®! compared ondansetron with setting. Complete responses have been reported to
high dose metoclopramide for the management oP€ Petween 12 and 60% for cisplatin-containing
acute and delayed emesis following cisplatinf€gimens and higher for non—cisplatin-containing
chemotherapy in a randomised, double-blind,ones (78%). Many of these studies are non-
crossover study. Before the first course of cisplatincomparative and thus should be interpreted with
patients were randomised to receive one of the tw§aution, since it is not known whether the 5:HT
following regimens. Group 1 patients received in-antagonist is superior to no treatment or placebo
travenous ondansetron 8mg before chemotherapnd may simply correspond to the proportion of
then 1 mg/h for 24 hours; followed by oral ondan-patients who would not have developed delayed
setron 8mg administered 3 times daily for 5 daysemesis.
Group 2 patients received intravenous metoclopra- Some of the comparative studies in table V also
mide 3 mg/kg before chemotherapy, then 4 mg/kgcompared efficacy in delayed nausea and vomit-
infused over 8 hours and normal saline intra-ing,[21:22:25.30.33)|though none of these studies was
venously for the next 16 hours to maintain blind- designed specifically to evaluate this end-point. In
ing, followed by oral metoclopramide 20mg given moderately emetogenic chemotherapy regimens,
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analysis of efficacy over days 1 or 2 through toagents. Acquisition costs of 5-H@ntagonists can
days 5 or 6 showed no difference between groupszary considerably, making the most financially at-
In the study by Stewart et &3] ondansetron given tractive choice for one institution different from
in the delayed phase was superior to the placebthat of another. The route of administration and the
administered in the patients who had receivedotal daily dose used must be considered when ex-
granisetron on day 1. Despite better control in theamining cost. Using lower doses of antiemetics to
ondansetron arm, there was no difference in globabwer the cost of therapy must be balanced against
satisfaction between the 2 arms. In general, contrahe likelihood of failing to prevent nausea and
rates in the delayed phase were low compared witkomiting. The decision as to which antiemetic is
the acute phase control and were either low or nonost cost effective can only be made once the op-
different from the control rates reported in the lit- timal dose and schedule for the given drug in the
erature in comparison with other antiemetic re-target population is established. This will require
gimens. further comparative studies using different doses,
Overall, the efficacy of 5-HF antagonists for regimens and routes of administration for the 5-
the prevention of delayed nausea and vomiting apHT3 antagonists.
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