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Ten years after it was demonstrated in the ferret that cisplatin-induced emesis could be blocked by
the selective 5-HT; receptor antagonist MDL 72222, 5-HT; receptor antagonists have become rou-
tine anti-emetic agents for chemotherapy-induced emesis. However, although in association with
highly emetogenic, mainly cisplatin-containing regimens, the use of these agents is well justified,
the net benefit of 5-HT; receptor antagonists in association with moderately emetogenic regimens
has not been that well clarified. Here, we present an overview of 30 randomised studies comparing
5-HT; antagonists with the conventional anti-emetics in the prophylaxis of acute vomiting induced
by cytotoxic chemotherapy. A meta-analysis showed that 5-HT; antagonists reduce the risk of acute
vomiting in comparison to conventional anti-emetics both with cisplatin treatments (15 trials; odds
ratio 0.60; 95% confidence interval 0.51-0.70) and with moderately emetogenic treatments (11 trials;
odds ratio 0.47; 95% confidence interval 0.39-0.58). The risk of acute vomiting seems to be further
reduced when 5-HT; antagonists are combined with dexamethasone. © 1997 Elsevier Science Ltd.
All rights reserved.
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INTRODUCTION selective 5-HT; receptor antagonists for the control of can-
RECENT ANTI-EMETIC research has emphasised the role of cer chemotherapy-related emesis. Today there are three
serotonin (5-hydroxyiryptamine, 5-HT) in the pathophysiol- highly selective 5-HT3 receptor antagonists commercially
ogy of chemotherapy-induced emesis. Cytotoxic chemother- available: ondansetron (GR38032F), granisetron
apy appears to release serotonin from the enterochromaffin (BRL43694) and tropisetron (ICS 205-930). There are
cells in the upper gastrointestinal tract [1, 2]. The initiation differences in the affinities and specificities of ondansetron,
of the emetic reflex is most likely produced via 5-HT; granisetron and tropisetron for 5-HT; receptors in different
receptors located on vagal afferent nerves in the gut [3]. In experimental conditions [5, 6]. However, these differences
1986 Miner and Sanger performed an important study have not been shown to be clinically relevant [7]. The doses
demonstrating block of cisplatin-induced emesis in the ferret  and schedules of ondansetron have varied in different anti-
by the selective 5-HT; receptor antagonist MDL 72222 [4]. emetic trials. A single prophylactic dose has been rec-

This observation led to the development of several highly ommended for granisetron (3 mg i.v.) and tropisetron (5
mg i.v. or orally).

Cisplatin is one of the most highly emetogenic agents in
Correspondence to I.'T. Jantunen. . . . o
Received 13 Feb. 1996; revised 31 May 1996; accepted 12 Jul. ~<common use. Cisplatin can induce two distinct patterns of
1996. emesis: acute and delayed. Acute emesis occurs 2—6 h after
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the start of chemotherapy infusion. The severity of acute
emesis is directly related to the cisplatin dose.
Administration of cisplatin results in a median of 10 emetic
episodes within the first 24 h if no anti-emetics are used [8,
9]. Delayed emesis occurs more than 24 h after the che-
motherapy, although the division between the two phases is
not clearly defined. Acute phase nausea and vomiting paral-
lels plasma serotonin release. Whilst there is a significant
urinary 5-hydroxyindoleacetic acid (5-HIAA) excretion
increase 4-8 h after the start of cisplatin infusion [2, 10],
there is no increased serotonin release during the delayed
phase.

Serotonin may trigger the early, intense period of emesis,
but although serotonin may have some effect during the
delayed phase, it may not be the major cause [11]. Until
the introduction of the sclective 5-HT; antagonists, high-
dose intravenous metoclopramide with dexamethasone and
diphenhydramine or lorazepam was the treatment of choice
for cisplatin-induced emesis. With this combination, com-
plete protection from acute emesis has been obtained in
60% of patients at first cycle of cisplatin chemotherapy
[12]}. Unfortunately, extrapyramidal symptoms, nervousness
and sedation, related to incidental blockade of dopamin
receptors, were the unpleasant side-effects of high-dose
metoclopramide especially in younger patients [8].

Most commonly used chemotherapy regimens are con-
sidered as moderately emetogenic [13]. Cyclophosphamide,
especially in combinations with anthracyclines, is used
widely in the treatment of solid tumours. The emetic profile
of cyclophosphamide differs from that of cisplatin.
Cyclophosphamide induces a single prolonged pattern of
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emesis with a late onset at 9-18 h after chemotherapy [14].
Cyclophosphamide-induced vomiting and particularly nau-
sea may persist for several days. Urinary 5-HIAA excretion
following the administration of cyclophosphamide is not
markedly increased compared with the acute phase of cis-
platin [15]. It was found that 80-90% of patients receiving
cyclophosphamide-containing chemotherapy at a dose equal
to or higher than 450 mg/m? experience vomiting if no anti-
emetics are used [16, 17]. Dexamethasone and oral meto-
clopramide have been the standard anti-emetics for cyclo-
phosphamide-containing chemotherapy, with 50-80% of
patients reporting no emetic episodes over the first 24 h
[18, 19].

During the development of all the 5-HT; antagonists,
control of vomiting has been measured by counting the
number of vomits and retches. Control is classified as com-
plete with no vomits or retches. Since patients often con-
sider nausea to be even more distressing than vomiting,
control of vomiting alone is probably an inadequate measure
of therapeutic success [20]. However, no consensus on the
criteria for assessment of nausea has been reached. An ideal
anti-emetic study should be double blind to avoid uninten-
tional bias in assessment of anti-emetic efficacy. Cross-over
design studies do allow patient and physician preference to
be assessed. As the natural course of chemotherapy-induced
emesis is to worsen progressively with successive chemother-
apy courses, the cross-over design is particularly open to
carryover effects and may favour the first anti-emetic treat-
ment of the sequence [21]. In the parallel-group design
patients should be carefully stratified according to factors

Table 1. 5-HT5 recepror aniagonists in the prophylaxis of acute vomiting induced by cisplatin compared to high-dose metoclopramide.
Response as % of patients with no emetic episodes during the first 24 h. “Toral” indicates the pooled number of patients and the
welghted average response rate

No.of patients

Study arm/ Cisplatin dose

Reference Comparater arm (mg/m?) 5-HT; antagonist Response (%) Comparator* Response (%)
Hainsworth [22] 136/138 >100 Ondansetron 40 HD-MCP 30
De Mulder [23] 95% 50-100 Ondansetron 40 HD-MCP 25
Marty [24] 76% 80-100 Ondansetron 46 HD-MCP 16
Tsavaris [25] 42/42 100 Ondansetron 26 HD-MCP 26
Warr [26] 74175 >50 Granisetron 46 HD-MCP+ 44
DEX + DIPH
Marty [27] 143/138 >49 Granisetron 70 HD-MCP + DEX 67
Sismondi [28] 98+ Mean dose 60 Granisetron 67 HD-MCP+ 48
DEX + LOR + ORP
Heron [29] 119/121 >50 Granisetron 56 HD-MCP + DEX 52
Chiou [30] 20/20 ND Granisetron 80 HD-MCP 45
Sorbe [31] 131/128 50-89 Tropisetron 63 HD-MCP + DEX 64
Sorbe [32] 33/33 50-75 Tropisetron 82 HD-MCP + DEX 82
Chang [33] (60/59)% >50 Tropisetron 48 HD-MCP+ 29
DEX + DIPH + LOR
Italian group [34] 136/131 >50 Ondansetron+ 79 HD-MCP+ 60
DEX DEX + DIPH
Navari [35] 40/40 70-100 Ondansetron+ 92 HD-MCP+ 90
DEX DEX + LOR+
DIPH
Cunningham [36] 117/120 mean dose 70  Ondansetron+ 73 HD-MCP+ 56
DEX DEX + LOR
Total 1320/1314 60 49

*HD-MCP, high-dose metoclopramide; DEX, dexamethasone; DIPH, diphenhydramine; LOR, lorazepam; ORP, orphenadrine.

TCross-over study; ND, no data.
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(age, sex, previous chemotherapy, alcohol consumption)
affecting chemotherapy induced vomiting [21].

The anti-emetic activity of 5-HT; receptor antagonists
has been proven in many clinical studies since the late
1980s. The present knowledge and clinical experience sup-
port the use of 5-HT3 antagonists for acute emesis in associ-
ation with highly emetogenic chemotherapy regimens.
However, what is the actual net benefit of the use of 5-HT3
antagonists in association with moderately emetogenic che-
motherapy regimens seems somewhat controversial. In this
article, we describe an overview of the randomised studies
published until April 1996 comparing 5-HT; receptor an-
tagonists with the conventional anti-emetics in the prophy-
laxis of acute vomiting induced by cytotoxic chemotherapy.

MATERIALS AND METHODS

In April 1996, a search was performed on the Medline
database with the following criteria: randomised trial pub-
lished in English, comparison between a 5-HT; antagonist
and any other anti-emetic therapy for adult patients receiv-
ing cytotoxic chemotherapy. A total of 27 articles describing
the results of 28 trials were found. Two additional trials
were identified from the abstract book of the ESMO meet-
ing held in November 1994. Results of eleven trials compar-
ing the efficacy of 5-HT; antagonist and dexamethasone
with a 5-HT; antagonist as a single agent were also evalu-
ated.

The reports were summarised using a standardised sum-
mary form. The following criteria were used for final accep-
tance of the trial: (1) a randomised trial; (2) a 5-HT;
antagonist in at least one arm; (3) possible to categorise the
emetogenicity of the chemotherapy; and (4) the number of
patients in each arm and the number (or percentage) of
patients vomiting during the first 24 h given in the article.
The anti-emetic regimens, number of patients, number of
patients vomiting, and type of chemotherapy were then
recorded (Tables 1-4)

Within a trial, the odds for complete protection of vomit-
ing were calculated for each treatment arm, i.e. the reported
number of patients not vomiting during the first 24 h was
divided by the number of those vomiting. Within each trial,
the odds of vomiting when receiving the study drug
(generally a 5-HT; antagonist) divided by the odds of not
vomiting when receiving the comparator regimen resulted in
an odds ratio. An odds ratio of 1.0 indicates no difference
in the anti-emetic efficacy of the two anti-emetic regimens.
A value less than 1.0 means better control in the study arm,

whereas a value higher than 1.0 indicates superiority of the
conventional regimen. Tests of heterogeneity among differ-
ent trials were performed, but such tests are of limited
value. Furthermore, substantial heterogeneity does not inva-
lidate the results of meta-analysis. It merely necessitates the
investigation for possible sources of heterogeneity. For this
purpose, the trials were adjusted for the mean odds of
vomiting in each trial. The odds ratios were combined using
the Mantel-Haenszel procedure (see reference [60]). The
common odds ratio together with 95% confidence intervals
(CIs) are reported. All calculations of the odds ratios, the
95% confidence intervals and combination of the odds
ratios were performed with the StatXact™ program (Cytel
Software Corp., Cambridge, MA).

RESULTS

Acute vomiting after cisplatin chemotherapy was avoided
in 49% of 1314 patients receiving high-dose metoclopra-
mide-based anti-emetic cocktails whereas 60% of 1320
patients receiving 5-HT; antagonists either alone or com-
bined with dexamethasone were free of vomiting during the
first 24 h. For both types of treatment the percentage of
patients responding to anti-emetic therapy varied greatly
from trial to trial (Table 1). The odds ratios of vomiting in
each trial varied from 0.22 to 1.03 resulting in combined
OR of 0.60 (95% CI 0.51-0.70) (Figure 1).

For 4-5 days low-dose cisplatin treatment there were only
four trials comparing the efficacy of 5-HT; antagonists and
conventional anti-emetics in a randomised setting. The re-
sponse rate for 5-HT; antagonists in these studies is in the
same range as for higher dose cisplatin, but the metoclopra-
mide and alizapride regimens provided only 23% (range 9-
35%) protection (Table 2). The odds ratios in these four
trials varied from 0.03 to 0.57 with a combined OR of 0.28
(95% CI 0.17-0.44) (Figure 2).

Chemotherapy was classified as moderately emetogenic in
11 trials. For these regimens, the most commonly used con-
ventional anti-emetic therapy consisted of low-dose (20-80
mg) metoclopramide. The conventional anti-emetics
resulted in 51% (range 22-89%) total protection as com-
pared to 68% (range 45-82%) with 5-HT; antagonists as
single agents (Table 3). The odds ratios of vomiting in each
trial varied from 0.20 to 1.69 resulting in combined OR of
0.47 (95% CI 0.39-0.58) (Figure 3).

In 11 trials, 5-HT3 antagonists as single agents were com-
pared to the same dose of 5-HT; antagonist with dexa-
methasone. In ten of the trials, the combinations were

Table 2. 5-HT; receptor antagonists in the prophylaxis of emesis in patients treated with low to moderate doses. (15-40 mgim®) of
cisplatin for 45 days. Response as % of patients with no emetic episodes over the total chemotherapy reatment time. “Total” indi-
cates the pooled number of patients and the weighted average response rate

No. of patients
Study arm/

Reference Comparator arm 5-HT; antagonist Response (%) Comparator* Response (%)

Sledge [37] 23/22 Ondansetron 30 MCP 9

Bremer [38] 72/63 Granisetron 49 AL1Z + DEX 35

Nicolai [39] 18/18 Ondansetron+ 83 ALIZ + DEX 11
DEX

Rith [40] 56/57 Ondansetron+ 57 MCP + DEX 19
DEX

Total 169/160 53 23

* MCP, metoclopramide; ALIZ, alizapride; DEX, dexamethasone.
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Table 4. 5-HT;5 receptor antagonists with dexamethasone versus 5-HT3 receptor antagonists as single agents in the prophylaxis of
acute emests nduced by cisplatin or moderately emetogenic chemotherapy. “Total” indicates the pooled number of patients and the
weighted average response rate

No. of patients
Study arm/

Chemotherapy dose

Response with

Reference Comparator arm (mg/m?) 5-HT'; antagonist dexamethasone (%) Response as single (%)
Hesketh [51] 127/118 Cisplatin Ondansetron 61 46
>100
Smith [52] 27* Cisplatin Ondansetron 96 96
100-120
Roila [53] 89* Cisplatin Ondansetron 91 64
50-120
Joss [54] 97/110 Cisplatin+ Ondansetron 76 56
moderately
emetogenic
Smyth [55] 84* Cisplatin 100 Ondansetron 58 42
Heron [29] 117/119 Cisplatin Granisetron 66 56
>50
Latreille [56] 194/98 Cisplatin Granisetron 64 39
>50
Italian group [48] 135/137 Moderately Granisetron 93 72
emetogenic
Carmichael [57] 141/137 Moderately Granisetron 85 76
emetogenic
Sorbe [58] 28/35 Cisplatin Tropisetron 75 40
mean dose 60
Adams [59] 63/63 Moderately Tropisetron 89 75
emetogenic
Total 1102/1017 76 59

Number of patients vomiting/number of patients evaluable

Author [Ref.] 5-HT3
Hainsworth 22 82/136
De Mulder 23 57195
Marty 24 41/76
Tsavaris 25 31/42
Warr 26 40/74
Marty 27 43/143
Sismondi 28 32/98
Heron 29 52/119
Chiou 30 4/20
Sorbe 31 48/131
Sorbe 32 6/33
Chang 33 31/60
Italian group 34 29/136
Navari 35 3/40
Cunningham 36 32/117
Total 531/1320

Test for heterogeneity
Chi-square = 24.7, df = 14, P>0.01

Comparator O-E Variance
97/138 -6.8 15.6 —B—+
71195 -7 10.5 — .
64/76  -11.5 82
31/42 0 4.1 | .
42/75 -0.7 9.3 !
45/138 1.8 15.2 : -
51/98 9.5 12 —
58/121 -2.5 15 —
11720 -3.5 2.4 —-—:—
46/128 0.5 15 !
6/33 0 2.5 : E
42/59 5.8 7.1 —
53131 -12.8 14.3 ———
4740 -0.5 1.6 =
53/120 -10 13.7 ——
|
674/1314  -72.9 163.5 -‘—

5—HT3 better

Comparator better

Treatment effect P<0.00001

Figure 1. Risk of acute vomiting for patients receiving cisplatin in 15 randomised trials comparing 5-HT; antagonists to high-
dose metoclopramide treatments. Odds ratios with 95% confidence intervals are given. “Total” indicates the pooled odds
ratio of all trials calculated by the Mantel-Haenszel method [60].
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Number of patients vomiting/number of patients evaluable

Author [Ref.] 5-HT, Comparator

Sledge 37 16/23 20/22 -2.4
Bremer 38 37172 41/63 -4.6
Nicolai 39 3/18 16/18 -6.5
Rath 40 24/56 46/57 -10.7
Total 80/169 123/160 -24.3

Test for heterogeneity
Chi-square = 26.7, df = 3, P>0.001

O-E Variance

1.8 —il
——
23 !
]
19.9 +
[ ] J

5-HT, better Comparator better

Treatment effect P<0.0002

Figure 2. Risk of vomiting for patients receiving low-dose cisplatin for 4-5 days in four randomised trials comparing 5-HT;
antagonists to conventional anti-emetic treatments. Odds ratios with 95% confidence intervals are given. ‘“Total” indicates
the pooled odds ratio of all trials calculated by the Mantel-Haenszel method [60].

superior to the 5-HT; antagonists as single agents (Table 4).
The superiority of combination was also evident in the com-
bined odds ratio of 0.42 (95% CI 0.34--0.51) (Figure 4).

DISCUSSION
5-HT; receptor antagonists have been in clinical use for
chemotherapy-induced emesis since 1987. During the last
eight years, a great number of phase II and randomised
anti-emetic studies have been published. Lately, the anti-

emetic studies have concentrated on comparisons between
different 5-HT; antagonists. Based on the results of the ran-
domised studies, several conclusions can be made. For
example, the efficacy of the new anti-emetic agents corre-
spond to the efficacy of high-dose metoclopramide treat-
ment. However, they lack the unpleasant side-effects and
complicated dosing schedules of high-dose metoclopramide.
Randomised clinical trials provide unbiased evidence of rela-
tive treatment efficacy in a selected patient population.

Number of patients vomiting/number of patients evaluable

Author [Ref.] 5-HT, Comparator

Marschner 41 20/50 31/59 -3.4
Jones 42 27/100 34/100 -3.5
Kaasa 43 14/40 25/42 -5
Bonneterre 44 12/35 24/33 -6.5
Jantunen 45 12/52 21/48 -5.2
Levitt 46 15/85 9/80 2.6
Clavel 47 53/123 91/131 -16.7
Marty 27 43/133 70/133 -13.5
Italian group 48 38/137 40/136 -1.1
Medler 49 31/118 65/111 -18.5
Anderson 50 28/51 40/51 -6
Total 293/924 450/924 -78.5

Test for heterogeneity
Chi-square = 13.1, df = 10, P>0.2

O-E Variance

6.8 : B

10.7 . B

5.2 -

4.3 -

5.6 __|:—

5.2 : )
15.6 B

16.3 —.—

14 : |

v

57 A

1
1111 +
| X |

5-HT, better Comparator better

Treatment effect P<0.00001

Figure 3. Risk of acute vomiting for patients receiving moderately emetogenic chemotherapy in 11 randomised trials compar-
ing 5-HT; antagonists to conventional anti-emetic treatments. Odds ratios with 95% confidence intervals are given. ““Total’’
indicates the pooled odds ratio of all trials calculated by the Mantel-Haenszel method [60].
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Number of patients vomiting/number of patients evaluable

Author [Ref.] 5-HT,+DEX 5-HT, O-E  Variance
Hesketh 51 50/127 64/118 9.1 153 ——
Smith 52 1727 1127 0 0.5 : J
Roila 53 8/89 32/89 ~12 7.8 —l——:
Joss 54 23/97 48/110  -10.3 11.7 —-—
Smyth 55 35/84 49/84 -7 10.6 -
Heron 29 40/117 52/119 5.6 14.1 :—.——
Latreille 56 70/194 60/98 -16.4 16.1 —.—
Italian group 48 10/135 38/137 -13.8 9.9 —.——:
Carmichael 57 21/141 33/137 -6.4 10.9 ﬂ
Sorbe 58 7/28 21/35 5.4 3.9 —l——:—
Adams 59 7/63 16/63 4.5 4.7 i

:
Total 272/1102  414/1017 -84.8 115.8 +

1 f |

Test for heterogeneity
Chi-square = 1.53, df = 10, P>0.5

5-HT,+DEX better 5-HT, better

Treatment effect P<0.00001

Figure 4. Risk of acute vomiting for patients receiving cytotoxic chemotherapy in 11 randomised trials comparing the combi-
nation of 5-HT; antagonist and dexamethasone to 5-HT; antagonist as a single agent. Odds ratios with 95% confidence inter-
vals are given. ““Total’’ indicates the pooled odds ratio of all trials calculated by the Mantel-Haenszel method [60].

However, it is very important to remember that the efficacy
rates of these studies do not directly correspond to the effi-
cacy rates observed in routine clinical work. In the random-
ised anti-emetic studies, patients usually receive cytotoxic
agents for the first time and the results are usually reported
from only one cycle. In routine clinical work, the efficacy of
an anti-emetic is often lost during repeated chemotherapy
cycles, especially with cisplatin treatments. The efficacy of
5-HT; antagonists may not be maintained over repeated
cycles of chemotherapy [61].

According to this study, 5-HT; antagonists reduce the
risk of acute cisplatin-induced vomiting (odds ratio 0.60)
compared to different high-dose metoclopramide treatment
schedules and combinations. Even better results have been
achieved with the combination of 5-HT; antagonists and
dexamethasone. There are many oncological clinics, where
high-dose metoclopramide has never been in routine clinical
use because of its side-effects. Especially in these clinics, the
efficacy of 5-HT5 antagonists has been most impressive
compared to other anti-emetics. The combination of 5-HT;
antagonist and dexamethasone is the most efficacious anti-
emetic treatment for cisplatin-induced acute emesis. The
results from the studies, where cisplatin was infused for 4-5
days are even more favourable for the use of 5-HT3 antag-
onist (odds ratio 0.28).

Although the meta-analysis showed that 5-HT; antagon-
ists reduce the risk of acute vomiting induced by moderately
emetogenic chemotherapy compared to conventional anti-
emetics (odds ratio 0.47), the comparisons of 5-HT; antag-
onists against inadequate doses of metoclopramide may give
them an unfair advantage. In studies where 5-HT'; antagon-

ists have been compared to dexamethasone, no difference
has been found in the efficacy of these treatments [42, 48].
The combination of 5-HT5 antagonist and dexamethasone
prevents acute vomiting in 90% of patients receiving moder-
ately emetogenic chemotherapy [48, 62], thus showing a
clear advantage for this combination. If the price of 5-HT;
antagonists is reduced it is quite possible that 5-HT; antag-
onists will become the routine anti-emetic treatment for
moderately emetogenic chemotherapy due to their favour-
able adverse event profiles and simple administration sche-
dules.

Development of 5-HT; antagonists has been a major
advance in the field of clinical oncology. However, the pro-
blem of chemotherapy-induced vomiting and nausea has
not yet been solved. More efficient anti-emetic agents are
needed for delayed emesis. Acute emesis is still a problem
in cisplatin treatments and with high-dose chemotherapies
requiring bone marrow or stem cell transfusions. Instead of
new 5-HT; antagonists, more information is needed about
the basic pathophysiology of chemotherapy-induced emesis
for developing new anti-emetic drugs and treatments.
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