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Abstract

Triptansareanew classof compounds devel oped for thetreatment of migraine
attacks. The first of the class, sumatriptan, and the newer triptans (zolmitriptan,
naratriptan, rizatriptan, eletriptan, almotriptan and frovatriptan) display high ag-
onist activity at mainly the serotonin 5-HT1g and 5-HT1p receptor subtypes. As
expected for a class of compounds developed for affinity at a specific receptor,
there are minor pharmacodynamic differences between the triptans.

Sumatriptan has a low oral bioavailability (14%) and all the newer triptans
have an improved oral bioavailability and for one, risatriptan, the rate of absorp-
tion is faster. The half-lives of naratriptan, eletriptan and, in particular, frova-
triptan (26 to 30h) arelonger than that of sumatriptan (2h). These pharmacokinetic
improvements of the newer triptans so far seem to have only resulted in minor
differencesin their efficacy in migraine.

Double-blind, randomised clinical trials (RCTs) comparing the different
triptans and triptans with other medication should ideally be the basisfor judging
their placein migrainetherapy. In only 15 of the 83 reported RCTswere 2 triptans
compared, and in 11 trials triptans were compared with other drugs. Therefore,
in al placebo-controlled randomised clinical trials, the relative efficacy of the
triptans was aso judged by calculating the therapeutic gain (i.e. percentage re-
sponse for active minus percentage response for placebo). The mean therapeutic
gain with subcutaneous sumatriptan 6mg (51%) was more than that for all other
dosage forms of triptans (oral sumatriptan 100mg 32%; oral sumatriptan 50mg
29%,; intranasal sumatriptan 20mg 30%; rectal sumatriptan 25mg 31%; ora
zolmitriptan 2.5mg 32%; oral rizatriptan 10mg 37%; oral e etriptan 40mg 37%;
oral amotriptan 12.5mg 26%). Compared with oral sumatriptan 100mg (32%),
the mean therapeutic gain was higher with oral eletriptan 80mg (42%) but lower
with oral naratriptan 2.5mg (22%) or oral frovatriptan 2.5mg (16%). The few
direct comparative randomised clinical trials with oral triptans reveal the same
picture. Recurrence of headache within 24 hours after an initial successful re-
sponse occurs in 30 to 40% of sumatriptan-treated patients. Apart from nar-
atriptan, which has a tendency towards less recurrence, there appears to be no
consistent difference in recurrence rates between the newer triptans and
sumatriptan. Rizatriptan with its shorter time to maximum concentration (tmax)
tended to produce a quicker onset of headache relief than sumatriptan and
zolmitriptan.

The place of triptans compared with non-triptan drugs in migraine therapy
remains to be established and further RCTs are required.

The triptans are a new class of compounds
known as serotonin (5-hydroxytryptamine; 5-HT)
5-HT1g/1D, previously 5-HT1-|ikE/5-HT1D,[1‘2] re-
ceptor agonists. The first of this family, suma-
triptan, is undoubtedly asignificant advancein mi-
graine therapy.39 Despite its great utility in
migraine treatment, sumatriptan has certain limita-
tions: for example, low oral biocavailability; high

0 Adis International Limited. All rights reserved.

headache recurrence (for definition, see section
5.1.5), possibly dueto ashort half-life; and contra-
indication in patients with coronary artery disease.
Therefore, anumber of newer triptans with agonist
activity at 5-HT1g/1p receptors have been devel-
oped. Several such compounds (zolmitriptan, riza-
triptan and naratriptan) are already on the market,
while others (eletriptan, almotriptan and frova
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triptan) arein advanced stages of clinical develop-
ment (for chemical structures, see figure 1). Despite
the efficacy of avitriptan,[1011 BMS-181885/12
and the non-triptan alniditan!*3 in the treatment of
migraine, these compounds are no longer in clini-
cal development. In this review, we discuss the
pharmacology and pharmacokinetics of these trip-
tans, the randomised placebo-controlled clinical
trialswith triptansdemonstrating their efficacy and
evaluating the optimum dose, randomised clinical
trials (RCTs) comparing triptans, and RCTs com-
paring triptans with other treatments.
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1. Pharmacological Effects of Triptans

1.1 Receptor Binding Profile

Sumatriptan and the newer triptansdisplay high
affinities at 5-HT, receptor subtypes, mainly the
5-HT1g and 5-HT1p receptors (table 1).[24-22 There
are no profound differences in affinities at the 5-
HT.s and 5-HTp receptors. These compounds
also interact with 5-HT14 and 5-HT ¢ receptors,
but rizatriptan appears to be more selective for 5-
HT1g/10 receptors. However, it must be said that

Zolmitriptan

NH cHy” cH

3 3
0 <\ NH
o}

Rizatriptan

N—N |
N
L /> CHy” CH,
N NH

Frovatriptan

C’ Almotriptan
N\S

= X

0" o | NG

CH3 CHj
NH
NH
“CH,

Fig. 1. Chemical structures of sumatriptan and second generation triptans.

0 Adis International Limited. All rights reserved.
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Table I. Receptor affinities (pK; values) of triptans at 5-HT receptors; all values refer to the human receptor, except when stated otherwise

Receptor Triptan
Sumatriptan Zolmitriptan Naratriptan Rizatriptan  Eletriptan Almotriptan  Frovatriptan
5-HT1a 6.4114 6.5116] 7.619] 6.4118] 7.4118] 6.3119] 7.320]
6.9115] 7.1 (rat)t?]
7.1[18]
5-HT1s 7.8114 8.3116] 8.7117] 6.918] 8.0118] 8.019] 8.6120]
8.1118 8.12
7.7[21]
5-HTip 8.5014 9.20161 8.317] 7.908l 8.9[18l 8.0t 8.4120]
8.4018l 8.62
5-htie 5.814] 7.7118] 7.7118 6.8181 7.3118] <6.0120
5-htip 7.9114 7.2116] 8.218] 6.8l18] 8.0118] 7.0
7.9[18] 7.5[18]
5-HT2a <5.0 (PECso)i4! <5518 <5.5[18 <5.5018] <5518 <5.3[20]
5-HT2s 6.9° 7.20 6.6°
5-HT2c <5.0 (pECso, pig)*  F4.1 (guinea-pig)*® <5.5[18] <5.5018] <5.5118] <5.3120]
Mouse 5-HT3 <5.0 (pECsp)*4 <5.5118] <5.5018] <5.5018] <5.5018] <6.0120
Guinea-pig 5-HT4 <5.0 (pECsq)14] <5518 <5.5[18] <5.5018] <5518
5-htsa 5.5%; <5.5 (rat)[8] 6.4 (rat)® 5.5 (rat)[8l 5.3 (ra)l'® 5.8 (rat)lt8l
5-htg <5.5018] <5.5118] <5.5018] <5.5018] 6.3118]
5-HT 5.918] 7.0128] <5.5018] 5.7118] 6.7118] <6.5119 6.7020

a Pauwels PJ, personal communication.
b Gupta P, personal communication.
PECso = concentration eliciting 50% inhibition.

the non-triptan compound, alniditan, which has
shown efficacy in migraine, 13! has little if any af-
finity at the 5-HT1r receptor.[24

Sumatriptan, zolmitriptan, eletriptan and frova-
triptan display a micromolar affinity at the 5-HT-
receptor, which mediates smooth muscle relax-
ation.[1.23]

1.2 Cardiovascular Effects

1.2.1 Systemic Haemodynamics

Human volunteer studies show that sumatrip-
tan,[24.23 zol mitriptan(26! and rizatriptan(2” slightly
increase arterial blood pressure (BP). This hyper-
tensive response, which has little clinical relevance,
is probably related to peripheral vasoconstriction.
Interestingly, in anaesthetised animals, high intra-
venous doses of sumatriptan,!28.29 el etriptan(39 an-
d rizatriptan(?? decrease BP, which appears to be
due to reduction of sympathetic outflow. It isknown

0 Adis International Limited. All rights reserved.

that hypotension can be mediated via an agonist
action at 5-HTp and/or 5-HT 4 receptors.[29.31.32]

1.2.2 Carotid Haemodynamics

Sumatriptan increasesinternal carotid and middle
cerebral artery blood flow velocity in patientswith
migraine.[33-35 Although this is yet to be estab-
lished, on the basis of similar pharmacological
properties, other triptans are likely to have compa-
rableeffects. Thiseffect isprobably caused by con-
striction of intracranial arteries, consistent with
findingsin animal models (see section 1.2.3).

Asshown in table |1,[17:19.28:30.36-40] gymatriptan
and the other triptans decrease carotid artery blood
flow in anaesthetised animals. The apparent rank
order of agonist potency in decreasing canine ca-
rotid blood flow was asfollows[with dose€liciting
50% effect (EDso) in ug/kg], intravenously admin-
istered frovatriptan (0.4)[3°! > zol mitriptan (2.3)[36]
> eletriptan (12)138] = naratriptan (19)!17 > rizatrip-
tan (30)(371 = sumatriptan (39).[171 Almotriptan!9
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potently reduces carotid blood flow in the cat. Us-
ing intracarotid administration of radiolabelled
microspheres, it has also been shown that the carotid
vasoconstriction by sumatriptan,[2841 zolmitrip-
tan(3¢ and eletriptan(3? is confined to arteriovenous
anastomoses, which may dilate during migraine
headaches.[4243] Similarly, sumatriptan (infused
into the brachial artery) is able to decrease human
forearm blood flow by a selective vasoconstrictor
action on arteriovenous anastomoses.[*4 The ex-
tracerebral blood flow increases in response to 5-
HT1g/1p receptor agonists,28:30.411 although with
zolmitriptan adecrease has been reported.[38 Inter-
estingly, cerebral blood flow does not seem to be af-
fected by triptans, as shown with sumatriptan(28.411
and even with themuch morelipophilic, brain-pen-
etrant compounds zolmitriptan,38 eletriptant3d
and rizatriptan.[49

1.2.3 Constriction of Isolated Blood Vessels
As shown in table Ill, a number of isolated

blood vessels from several species contract in re-
sponse to triptans.[1617.19.2045-54] This effect is
more marked on crania vessels where, unlike in
most peripheral arteries, 5-HT g rather than 5-HT»,
receptors are predominant.[556 All compounds
resemble sumatriptan in their action and potency,
but naratriptan appears to be more efficacious
[higher maximum effect (Emax)] than sumatriptan
inthe caninebasilar artery.['] Moreover, eletriptan
seems to behave as a partial agonist in the dog sa-
phenous vein,[51 whereas zolmitriptan shows a
somewhat lower maximal contraction in the rabbit
saphenous vein than sumatriptan.[16]

1.2.4 Coronary Vascular Effects

In the human coronary artery, 5-HT receptors
are more important in mediating vasoconstriction,
but about 20 to 30% responseismediated by 5-HT;
receptors.[55561 Accordingly, sumatriptan moder-
ately constricts the human coronary artery, bothin
vivol?4 and in vitro (table I11). Other triptans for
which data are available are slightly more potent
(except eletriptan), but show similar efficacy (fig.
2aand b).[4549.50.53] Figure 2¢l4950.53] presents the
ratio between the unbound peak plasma concentra-
tion (Crmax) after administration of clinically effec-
tive doses and the ECs value of the compoundsin
contracting the human isolated coronary artery. A
Chmax/ECs ratio of 1 indicates that the drug (active
metabolite excluded)53 would elicit 50% of its
Emax in aclinica situation. Since in each case the
Chax/ECso ratioiswell below 0.4 (zolmitriptan and
eletriptan even below 0.05), the triptans are ex-
pected to cause only a little coronary constriction
at therapeutic dosesin patientswith migrainewith-
out any coronary artery disorder. However, in pa-
tients with coronary artery disease (stenosis or
hyperreactivity), the second generation triptans
may still cause myocardia ischaemia (for details
see MaassenVanDenBrink et al.[53]).

1.3 Inhibitory Effects on the
Trigeminovascular System

1.3.1 Peripheral Trigeminal Neuronal Inhibition

Asshown in table | V,[16:17.19.38,57-65] the triptans
(although this has yet to be established for
frovatriptan) inhibit dural plasma protein extrava-
sation following electrical stimulation of the tri-
geminal nerve.[16.17.19.3858] Since sumatriptan was

Table Il. Decrease in carotid blood flow with triptans expressed as EDsg (g/kg V)

Sumatriptan Zolmitriptan Naratriptan Rizatriptan Eletriptan Almotriptan Frovatriptan
Total (1) 39 (dog)*”] 2.3 (dog)®® 19 (dog)lt”] 30 (dog)t7 12 (dog)®®! 10 (cat)*d 0.4 (dog)P®9
30-100 (pig)2® 1.0 (cat)®® 30-100 (pig)®”
AVA(1) <30 (pig)®! <10 (cat)il 30-100 (pig)=!
Extracerebral 1 (pig)[?8 | (dog)t38] 1 (pig)t*!
Cerebral = (pig)[28 = (dog)®! = (dog)#¥! = (pig)i®%

AVA = arteriovenous anastomoses; EDso = dose eliciting 50% effect; IV = intravenous; | indicates decrease; 1 indicates increase; = indicates

no change.

0 Adis International Limited. All rights reserved.
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Table Ill. Contraction of isolated blood vessels by triptans, expressed as pECso values; if known, the intrinsic activity relative to serotonin

(serotonin = 1) is given in parentheses

Sumatriptan  Zolmitriptan

Naratriptan

Rizatriptan Eletriptan Almotriptan  Frovatriptan

Human basilar artery 6.93 (1.11)1]

Dog basilar artery

6.80 (0.89)147]
Primate basilar artery 6.46 (0.48)1%1  6.92 (0.56)!16]
Rabbit basilar artery 6.002%

Dog middle cerebral artery 7.80 (1.08)2

Human middle meningeal  7.15 (0.66)48]
artery

Human saphenous vein
Dog saphenous vein

Rabbit saphenous vein
Human coronary artery

6.14 (0.54)5%
6.10 (0.85)54
6.48 (0.97)1¢  6.79 (0.77)126]

6.14 (0.21)17]
6.20 (0.43)54

6.16 (0.63)1*81  6.63 (0.61)%1  6.96 (1.05)17]

6.10 (0.24)53 6,32 (0.20)53  6.77 (0.17)1%°
6.70 (0.35)1181 7,30 (0.37)181  6.77 (0.33)117]

5.46[19 7.86 (1.25)1*%1

7.20 (0.77)147

7.20120

7.15 (1.14)17

7.05 (0.83)1*8  7.30 (0.79)19  7.52019

5.91 (0.48)1%%
6.30 (0.57)%4
6.64 (0.90)552
6.35 (0.17)B3
5.99 (0.22)%4

5.37 (0.33)1*9 7.38 (0.42)1*%

a Yocca FD, personal communication.
PECso = concentration eliciting 50% inhibition.

ineffectivein 5-HT 15 receptor knockout mice, this
effect seems to involve the 5-HT5 receptor.[66]
Similarly, this receptor mediates the effects of
sumatriptan in the guinea-pig dura mater,[66.67]
where the 5-HT1¢[68,69] as well as a novell66.67]
receptor also play an important role. In therat, the
inhibition of plasmaprotein extravasation involves
non-5-HT,g receptors, possibly 5-HT;p receptors
and/or another CP-122288-sensitive receptor.[57]
Importantly, it should be noted that inhibition of
plasma protein extravasation alone is not consis-
tent with antimigraine activity, since CP-122288
(in doses devoid of vasoconstrictor effect) wasin-
effective in migraine.l”® Moreover, May et al.[71]
recently questioned the involvement of plasma ex-
travasation in migraine, mainly on the basis of the
lack of retinal permeability changes during mi-
graine attacks.

Sumatriptant>® and zolmitriptan(®? have been
shown to inhibit neuropeptide release (mainly cal-
citonin gene-related peptide; CGRP) elicited by tri-
geminal ganglion stimulation. Moreover, suma-
triptan and rizatriptan, but not CP-122288, inhibit
neurogenically induced dural vasodilatation, an ef-
fect which, at least in rats, seemsto be mediated by
the 5-HT 15 receptor.[57]

0 Adis International Limited. All rights reserved.

1.3.2 Central Trigeminal Neuronal Inhibition

More recently, Goadsby and colleagues have
shown that intravenous administration of zolmi-
triptan(®2 as well as naratriptant®¥ inhibits action
potentials generated in the trigeminal nucleus
caudalis after superior sagittal sinus stimulation in
cats. Similarly, in rats, intravenous rizatriptan in-
hibits such potentials evoked by dural stimula-
tion.[83] Thus, these drugs exhibit a central inhibi-
tory effect within the trigeminal system, which
may partly contribute to their therapeutic effect in
migraine. However, because of its poor central
penetration, intravenous sumatriptan did not affect
c-fos MRNA expression in the trigeminal nucleus
caudalisfollowing trigeminal ganglion stimulation
in rats.[®U This raises the question whether central
trigeminal inhibition is predictive of antimigraine
potential. On the other hand, it remainsto be clari-
fied whether during migraine headaches the blood-
brain barrier is partly disrupted. Indeed, after dis-
ruption of the blood-brain barrier by infusion of
hyperosmolar mannitol, sumatriptan did inhibit c-
fos MRNA expression.[61]

The central trigeminal inhibitory effects of nar-
atriptan inthe cat, being susceptibl e to blockade by
GR-127935, are mediated by 5-HT1g/1p recep-

Drugs 2000 Dec; 60 (6)
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tors.[84 Since ketanserin displaced zolmitriptan
from its binding sites in the cat brain stem, the
involvement of 5-HTp receptorsislikely.l72 Also,
in rats, the central trigeminal antinociceptive ac-
tion by zolmitriptan ismediated by 5-HT;p but not
5-HT1p receptors.[63]

a
@ Sumatriptan
A Naratriptan
A Rizatriptan
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2. Possible Mechanisms of Action

The theoretically possible mechanisms of ac-
tion of triptans in migraine are constriction of di-
lated cranial blood vessels, inhibition of neuro-
genic inflammation around the blood vessels,[7

b
60 @ Sumatriptan
M Eletriptan
30
0 -

10 9 8 7 6 5 4

-Log (agonists mol/L)

c

Sumatriptan

- 100mg, oral

Sumatriptan

. 6mg, subcutaneous

Naratriptan

Rizatriptan

Zolmitriptan

] 2.5, 5mg, oral
] 40, 80mg, oral

Eletriptan

. 10mg, oral

O Lower value
W Upper value

T
0 0.2

0.4

Unbound C__ . (nmol/L)/EC,, (nmol/L)

Fig. 2. Coronary effects of triptans. Concentration-response (expressed as percentage of response to 100 mmol/L K*) curves in
human isolated coronary arteries obtained with sumatriptan, naratriptan, rizatriptan and zolmitriptan (a: n = 9, data taken from
MaassenVanDenBrink et al.1%3l) and sumatriptan and eletriptan (b: n = 9, data from MaassenVanDenBrink et al.*?). (c): Relationship
between reported peak plasma concentration (Cmax; corrected for plasma protein binding) in patients and ECs, (dose eliciting 50%
effect) values in contracting human isolated coronary artery. Frovatriptan, which also constricts the human coronary artery,*! has
not been included because the exact therapeutic dose and plasma protein binding level are not known.

0 Adis International Limited. All rights reserved.
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Table IV. Trigeminal neuronal inhibition by triptans (no data available for frovatriptan) expressed as EDsp (g/kg 1V)

Study Sumatriptan Zolmitriptan

Naratriptan

Rizatriptan Eletriptan Almotriptan

Inhibition of plasma 4 (rat)lt”]
protein extravasation after 31 (rat)®7]
trigeminal ganglion
stimulation

Inhibition of CGRP
release after cat
trigeminal ganglion
stimulation

Inhibition of dural
vasodilatation after rat
trigeminal ganglion
stimulation

Inhibition of activity in
trigeminal nucleus
caudalis after stimulation®

Yes!59 Yesl60]

1000-10 00057

Inactive (rat)®¥ 100 (cat)®?
300-1000 (rat)®3]

10-30 (guinea-pig)*¥ 4.1 (rat)7]

30-100
(cat)l®4

31 (rat)!®8] 30-300 (rat)i®! 200 (guinea-pig)*9

1000-30001%8]

1000-3000
(rat)[®5]

a Stimulation of the superior sagittal sinus in cats or dural meninges in rats.
CGRP = calcium gene-related peptide; EDsg = dose eliciting 50% effect; IV = intravenously.

and inhibition of impulse transmission centrally
within the trigeminovascular system.[”475 In our
view, the main action of triptansin migraineisto
constrict dilated cranial extracerebral blood ves-
sels, most likely via5-HT1g receptors.[376-78 Thus,
in one study,[33 during migraine attacks the middie
cerebral artery was found dilated on the headache
side, and this was reversed by intravenous
sumatriptan. In 2 other studies,[3*3% an increasein
middle cerebral artery blood flow velocity was ob-
served after administration of subcutaneous
sumatriptan during migraine attacks, although not
correlated to the efficacy on migraine pain in one
of the studies.[39 In addition, the triptans can re-
duce neuropeptide release and plasma protein
extravasation across dural vesseld” and inhibit
impulse transmission centrally within the trigem-
inovascular system.[7479 However, the possible
contribution of the neuronal effect of triptans me-
diated via the 5-HTp receptor has been put in
doubt because PNU-142633F, a selective 5-HT1p
receptor agonist, has not proved ineffective in the
treatment of migraine.[8%

3. Pharmacokinetics

The pharmacokinetic characteristics of triptans
have been studied in healthy volunteers and in pa-

0 Adis International Limited. All rights reserved.

tients with migraine (table V).[27:81-98] Sybcutane-
ous sumatriptan (6mg) is quickly absorbed, with a
time to maximum plasma concentration (tyax) of
approximately 10 minutesand an average bioavail-
ability of 96%.[8182 After oral administration of
therapeutic doses (100mg) of sumatriptan, how-
ever, the tma IS substantially longer (1.5h) and,
more importantly, the bioavailability is rather low
(=14%).18183] |ntranasal or rectal administration of
sumatriptan doesnot seemto improvethese param-
eters much.[828499 The oral bioavailability of
newer triptans, especially naratriptan and amo-
triptan, ismuch improved. Thiscan be partly attrib-
uted to the more lipophilic nature of these drugs.
Interestingly, the tmax after oral administration of
zolmitriptan,[200101 nagratriptan,!87:88 detriptan,[91-9
almotriptan(®495 and frovatriptan!®? is not similar
to or longer than that of sumatriptan, whereas riza-
triptan(27.90] seemsto reach Crax More quickly than
sumatriptan. The faster oral absorption of rizatrip-
tan than sumatriptan is supported by acomparative
study where the median tna was 1.3 (range 1 to 3)
hoursfor rizatriptan and 2.5 (range 1 to 4) hours(p
< 0.001) for sumatriptan.l2”] It may be noted that
the unbound Cax vValues (Crax corrected for plas-
ma protein binding) of newer triptans are lower than
that of sumatriptan. This is apparently due to 2
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main factors: lower therapeutic concentrations are
needed, as these drugs have a higher affinity at 5-
HT1s/10 receptors (see table 1), and these drugs
have been better titrated.

With the exception of rizatriptan, the newer
triptans are degraded more slowly than sumatrip-
tan. Frovatriptan, particularly, has a plasma half-
life (ty,) of 26 to 30 hours,[®7 and, in view of the
putative relationship of this parameter with head-
ache recurrence, the results of clinical trials com-
paring sumatriptan and frovatriptan are awaited
with interest. In contrast to sumatriptan and nara-
triptan, active metabolites have been reported for
zolmitriptan,[204 rizatri ptan8® and el etriptan.[9 It
isnot known whether, and if so, to what extent, the
metabolites contribute towards therapeutic activ-
ity. We are not aware of whether the metabolism of
almotriptan or frovatriptan resultsin the formation
of active metabolites.

The possible interaction of triptans with drugs
used for migraine prophylaxisor drugslikely to be
coadministered with a triptan in the treatment of
migraine attacks has mainly been investigated in
healthy volunteers. The pharmacokinetic profil e of
sumatriptan was not i nfluenced by concomitant ad-
ministration of propranolol, pizotifen, flunarizine,
dihydroergotamine, paroxetine, butorphanol or
naratriptan. [

There were no clinically significant changesin
the pharmacokinetics of zolmitriptan after con-
comitant administration of dihydroergotamine,
propranolol, pizotifen, fluoxetine, metoclopramide
or paracetamol (acetaminophen).[202 The pharma-
cokinetic parameters of naratriptan were not influ-
enced significantly by coadministration of ergota-
minell%l and dihydroergotamine.[% The mean
plasma concentrations of rizatriptan were increased
by 70% by administration of a high dose of pro-
pranolol 1199 but thisinteraction appearsto be unique
to propranolol, because nadolol and metoprolol
had no such effect on plasma concentrations of
rizatriptan.[105 As a safety precaution, rizatriptan
5mg is recommended for patients taking propran-
olol. Paroxetine did not affect the plasma concen-
trations of rizatriptan.[1051%6] Rjzatriptan did not

0 Adis International Limited. All rights reserved.

Landscape table V to placed here
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Table V. Pharmacokinetic parameters of triptans in healthy volunteers and in patients with migraine

Drug Dose (mg) and route  tmax Crnax Bioavailability ti, AUC Active Plasma protein CLr Log DpH7.4 References
of administration (h) (mg/L) (%) (h) (mg/L « h) metabolites  binding (%) (ml/min)
Sumatriptan 6 SC 0.17 72 96 2 90 - 14-21 220 -15 81,82
100 PO 15 54 14 2 158 260 81,83
20 IN 15 13 15.8 1.8 48 210 82
25 PR 15 27 19.2 1.8 78 200 82,84
Zolmitriptan 2.5 PO 15 3.3/3.82 39 2.3/2.62  18/212 + 25b 193 -1.0 85
5PO 15 10 46 3.0 42 193 86
Naratriptan 25PO 2 12.6 74 5.5 98 - 200 220 -0.2 87,88
Rizatriptan 10 PO 1.0 19.8 40 2.0 50 + 14b 414 -0.7 27,89,90
Eletriptan 40 PO 1.8b 82b 50b + 85b 597b +0.5 91-93
80 PO 1.4 246 50 6.3 1661 91-93
Almotriptan 12.5 PO 2.5 49.5 80 3.1 266 94,95
25 PO 2.7 64 69 3.6 443 96
Frovatriptan 2.5 PO 3.0 4.2/7.02 29.6 25.7 94 15¢ 97
40 PO 5.0 24.7/53.42 17.5 29.7 881
081V 18.6/24.42 100 23.6 104 132

(9) 09 “28@ 000T $ONIa

a Value for men and women, respectively.

b McHarg A, personal communication.

¢ Besides plasma protein binding, about 60% of frovatriptan is bound to red blood cells (Buchan, personal communication).

AUC = area under the plasma concentration-time curve; Cmax = peak plasma concentration; CLr = renal clearance; IN = intranasal; IV = intravenous; LogDpH7.4 = measure of
lipophilicity with increasing numbers indicating greater lipid solubility;!°8 PO = oral; PR = rectal; SC = subcutaneous; ty, = plasma half-life; tmax = time to Cmax; + indicates yes; —
indicates no.
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affect plasma concentrations of ethinylestradiol
and norethisterone (norethindrone) [oral contra-
ceptive pills] 119! | n contrast, administration of the
monoamine oxidase (MAQ)-A selective inhibitor
moclobemide increased plasma concentrations of
sumatriptan, zol mitriptan and rizatriptan.[9102.109]

4. Efficacy in the Acute Treatment
of Migraine

Ideally, to definetheir place in migrainetherapy
according to evidence-based medicine, al triptans
and administration forms of triptans should be
compared in recommended doses in placebo-con-
trolled RCTs, and al triptansin different adminis-
tration forms should be compared with relevant al-
ternative standard treatments. We identified atotal
of 83 double-blind, RCTs (many not yet published
in full) with a triptan. So far, however, only 15
RCTs comparing the second generation triptans
(zolmitriptan, naratriptan, rizatriptan, eletriptan and
almotriptan) with oral sumatriptan, and rizatriptan
with naratriptan and zolmitriptan, have been per-
formed (table V1),[107-121] gnd triptans have been
compared with other drugsin only 11 RCTs (table
VI1).1122-132] |n addition to comparative RCTs, one
must therefore also search for information about
the relative efficacy of the different triptans and
administration forms of triptans from trials with a
placebo control. In the following sections we re-
view results from RCTs with a placebo control,
from comparative trials with triptans, and from tri-
als comparing atriptan with other drugs.

Headache relief with triptans in current ran-
domised clinical trialsisdefined asadecreasefrom
an initial moderate or severe headache to none or
mildl® after a certain time (1, 2 or 4 hours). We
consider here as primary responsesfor active drugs
and placebo only the response rates at 1 hour after
injections and at 2 hours after other routes of ad-
ministration. Four-hour response rates are gener-
ally disregarded, sinceit isnot, in our opinion, sat-
isfactory to ask patientstowait 4 hoursfor an effect
on migraine headache. These response rates vary
considerably in different trials, for example from
56 to 88% at 1 hour after subcutaneous suma-

0 Adis International Limited. All rights reserved.

triptan,!133 most likely because of a variable pla-
cebo response. Therefore, the results of the trials
are given as the therapeutic gain (percentage re-
sponse for active drug minus percentage response
for placebo) with 95% confidenceintervals(Cl). In
comparative trials the results are al so given as dif-
ferences with 95% ClI.

5. Efficacy Compared with Placebo

5.1 Sumatriptan

5.1.1 Subcutaneous Sumatriptan

Subcutaneous sumatriptan has a reasonably
well defined dose-response curve, with 1mg being
the minimum effective dose and 6mg being the
optimum dose, and with no benefit inincreasing to
8mg.[4 Subcutaneous sumatriptan 6mg has been
evaluated against placebo in 13 double-blind,
placebo-controlled RCTg129.134-145] where head-
acherelief was reported after 1 hour. As shown in
figure 3, subcutaneous sumatriptan 6mg [based on
2108 patients treated with sumatriptan (headache
relief in 70%) and 1307 patients treated with pla-
cebo (headache relief in 19%)] has a mean thera-
peutic gain of 51% (95% CI 48 to 53%) after 1
hour.[133 After 2 hours in 10 of these trials, the
therapeutic gain was the same [52% (95% CI 40 to
56%)] as after 1 hour (Tfelt-Hansen, personal ob-
servation), indicating that the response to subcu-
taneous sumatriptan should be evaluated after 1
hour. In 2 trials with subcutaneous sumatriptan
in which headache relief was reported after 1%
hours,[146.147] the mean therapeutic gain was 45%
(95% CI 34 to 56%). Sumatriptan 6mg was supe-
rior to placebo in producing headache relief after
10 minutes, the first time point recorded.[133]

In 11 of these trials, the incidence of adverse
events reported was 64% (930/1456) after suma-
triptan and 31% (290/890) after placebo. There
were thus 33% (95% CI 29 to 37%) more adverse
events after subcutaneous sumatriptan than after
placebo. Most of these adverse events were, how-
ever, mild to moderate and short lasting.

Drugs 2000 Dec; 60 (6)
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Table VI. Randomised, controlled clinical trials comparing triptans (percentage in parenthesis are 95% confidence interval)

Drug and dose (mg) Number of ~ Success Therapeutic ~ Pain free¢  Recurrenced  Adverse Comparative efficacy (%)aP
patients rate? (%) gain® (%) (%) (%) events (%)

Geraud et al .[197le

55 44 13 25 23 Success rates: ZO 5 vs SU 100 —2% (-8 to +4%); pain free: ZO 5
Z05 491 59 15 29 26 58 vs SU 100 —1% (-7 to +5%)
SU 100 498 61 17 30 28 57
Gallagher!108]
Z025 295 67, 83f ? 29 ? Success rates: Across up to 6 attacks ZO 2.5 > SU 25 and SU 50
Z05 305 65, 84f ? ?9 ? (2 hours)
SU 25 306 60, 76 ? 29 ?
SU 50 306 64, 81f ? ?9 ?
Diener et al.[10%"
PL 146 29 10 26 21 Success rates: ZO 2.5 vs RI 10 —4% (—11 to +4%)
Z0 25 289 67 38 36 29 39
RI 10 292 70 41 43 28 31
Havanka et al.[110]
PL 91 31, 39f 36 23 Success rates: NA 2.5 vs SU 100 —8% (—23 to +6%); success
NA1 85 58, 64f 27 31 20 rates at 4 hours: NA 2.5 vs SU 100 —16% (—29 to —3%);
NA 2.5 87 52, 63 21 17 21 recurrence rates: NA 2.5 vs SU 100 —27% (—42 to —13%)
NAS5 93 54, 65f 23 32 32
NA7.5 93 68, 80f 37 30 37
NA 10 96 69, 80f 38 29 35
SU 100 98 60, 80 29 44 26
Bates and Winter[111]
PL 104 22, 27" 10 29 Success rate: NA 2.5 vs SU 100 —9% (—18 to +1%); sucess rates
NAO0.1 207 30, 36f 8 30 29 at 4 hours: NA 2.5 vs SU 100 —9% (-18 to —1%); Recurrence
NA0.25 214 29, 36f 7 43 26 rates: NA 2.5 vs SU 100 —17% (27 to —7%)
NA1 208 38, 52f 18 42 29
NA 2.5 199 50, 66 28 19 32
SU 100 229 59, 76f 37 36 48**
Gobel et al.[12]i
NA 2.5 215 76 43h 22 Success rates at 4 hours: NA 2.5 vs SU 100 —8% (—15 to 0%));
SU 100 216 84f 57 33 recurrence rates: NA 2.5 vs SU 100 —14% (—24 to —3%)
Bornhof et al.[113lh

107 22 8 25 23 Success rates: NA 2.5 vs Rl 10 —20% (—30 to —11%); pain free:

NA 2.5 213 48 26 21 21 29 NA 2.5 vs RI 10 —24% (—33 to —15%); recurrence rates: NA 2.5 vs
RI 10 201 69 47 45 33 39* RI 10 -12% (-23 to —1%)
Visser et al.[114]

85 18 3 36 36 Success rates: Rl 10 vs SU 100 +6% (—10 to +21%) RI 40 vs SU
RI'10 89 52 34 26 41 48 100 +21% (+7 to +35%); pain free: Rl 10 vs SU 100 +4%
RI20 82 56 38 35 53 67 (~10 to +17%) RI 40 vs SU 100 +27% (+14 to +40%)
RI 40 120 67 49 49 42 83**
SU 100 72 46 28 22 43 46

Continued over page

aurerSA ur sueydry,

69¢1



‘ponISsal sUBL ||V PEHWI [DUOLOUISI| SIPY ©

(9) 09 “28@ 000T $ONIa

Table VI. Contd

Drug and dose (mg) Number of ~ Success Therapeutic ~ Pain free¢  Recurrenced  Adverse Comparative efficacy (%)aP
patients rate? (%) gain® (%) (%) (%) events (%)

Lines et al.[115]

80 23 3 33 20 Success rates: RI 5 vs SU 50 —4% (—11 to +3%); pain free: RI 5 vs
RI'5 352 63 40 27 38 33 SU 50 —6% (—12 to +2%)
SU 50 356 67 44 32 34 37
Goldstein et al.[1161h

141 38 9 32 35 Success rate: Rl 10 vs SU 50 +4% (-3 to +11%) RI 5 vs SU 25

RI5 294 68 30 33 33 44 +6% (-2 to +14%); pain free: RI 10 vs SU 50 +4% (-4 to +12%) RI
RI 10 305 72 34 41 35 45 5vs SU 25 +6% (—1 to +13%)
SuU 25 297 62 24 27 32 46
SU 50 291 68 30 37 31 46
Tfelt-Hansen et al.[1171h
PL 159 40 9 20 32 Success rates: Rl 10 vs SU 100 +5% (-2 to +12%); pain free: RI
RI5 164 60 20 25 48 39 10 vs SU 100 +7% (+1 to +14%)
RI 10 385 67 27 40 35 47
SuU 100 387 62 22 33 32 52
Jackson,[118] Pitman et al.[119]
PL 126 24 6 23 17 Success rates: EL 20 vs SU 100 —1% (—13 to +12%) EL 40 vs SU
EL 20 129 54 30 19 27 34 100 +10% (-2 to +23%); EL 80 vs SU 100 +22% (+11 to 34%);
EL 40 117 65 41 29 33 35 pain free: EL 20 vs SU 100 —4% (—14 to +6%) EL 40 vs SU 100
EL 80 118 77 53 37 32 51 +6% (=6 to +17%); EL 80 vs SU 100 +14% (+2 to +25%)
SuU 100 115 55 31 23 33 40
Pitman et al.l119]
PL 80 31 4 25 32 Success rates: EL 40 vs SU 50 +14% (+4 to +24%) EL 40 vs SU
EL 40 169 64 33 31 19 43 100 +11% (0 to +21%); EL 80 vs SU 50 +17% (+6 to +27%) EL 80
EL 80 160 67 36 37 16 51* vs SU 100 +14% (+3 to +24%); pain free: EL 40 vs SU 50 +12%
SU 50 176 50 19 19 26 33 (+3 to +21%) EL 40 vs SU 100 +13% (+3 to +22%); EL 80 vs SU
SU 100 160 53 22 18 27 38 50 +18% (+9 to +28%) EL 80 vs SU 100 +19% (+9 to +28%)
Pitman et al.l119]
PL 86 40 9 19 34 Success rates: EL 40 vs SU 25 + 10% (-1 to +20%) EL 40 vs SU
EL 40 175 62 22 19 6 39 50 +6% (—4 to +17%); EL 80 vs SU 25 +17% (+7 to +28%) EL 80
EL 80 170 70 30 26 8 53* vs SU 50 +14% (+4 to +24%); pain free: EL 40 vs SU 25 +2% (-6
SuU 25 171 53 13 17 14 36 to +11%) EL 40 vs SU 50 +1% (—7 to +10%); EL 80 vs SU 25
SU 50 175 56 16 18 6 34 +10% (+1 to +18%) EL 80 vs SU 50 +8% (~0.5 to +17%)
Cabarrocas et al.[120]
PL 99 42 20 10 Success rates: AL 12.5 vs SU 100 —7% (-17 to +3%) AL 25 vs SU
AL125 184 57 15 18 1= 100 —7% (-17 to +3%); subcutaneous administration
AL 25 191 57 15 15 21
SU 100 194 64 22 25 24
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In 1 placebo-controlled trial [24% subcutaneous
sumatriptan has al so been shown to reduce produc-
tivity loss during a migraine attack.

5.1.2 Oral Sumatriptan

The lower part of the dose-response curve for
oral sumatriptan was until recently!148l not well es-
tablished.ll The minimum effective dose of suma-
triptan was 25mg!116.148] and the optimal dose 50
to 100mg; when the dose was increased to 200 to
300mg, there was no gain in efficacy, but more ad-
verse events were reported.[4149]

Oral sumatriptan 100mg has been evaluated
against placebo in 20 double-blind, placebo-
controlled RCTS[107,110,111,114,117,119,120,124,125,148—155]
Ora sumatriptan 100mg [based on 2928 patients
treated with sumatriptan (headache relief in 59%)
and 1653 patients treated with placebo (headache
relief in 28%)] had amean therapeutic gain of 32%
(95% CI 29 to 34%) after 2 hours (fig. 3). The
response rate of sumatriptan 100mg was superior
to that of placebo after 30 minutes.[133]

In 11 of these trials, the incidence of adverse
events reported was 40% (708/1786) after suma-
triptan and 24% (270/1148) after placebo. There
were thus 16% (95% CI 13 to 19%) more adverse
events after oral sumatriptan 100mg than after pla-
cebo. Most of these adverse events were, however,
mild and short lasting.

The lower doses of oral sumatriptan, 25 and
50mg, have been investigated only in5and 7 clin-
ical trials, respectively. For sumatriptan 50mg
[based on 1599 patients treated with sumatriptan
(headache relief in 59%) and 653 patients treated
with placebo (headache relief in 30%)], the mean
therapeutic gain was 29% (95% Cl 25 to
33%).[116,119,148,152.153.156] Thys, the therapeutic gain
was similar to that with sumatriptan 100mg (fig. 3).
In 2 direct comparative trials, the efficacy of the 2
doses of sumatriptan was quite comparabl e.[148.157]
The response rate with sumatriptan 50mg was su-
perior to that of placebo at 30 minutes,[116.148,156]
Theincidence of adverse eventsreported was 35%
(357/1034) after sumatriptan 50mg versus 32%
(164/509) after placebo (NS) between the
two,[116,148,152,153156] | the 2 comparative tri-
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Dahlof et al.[121]

63 41 17 35 22 Success rates: NA5 vs SU 6 +5% (-7 to +17%) NA 10 vs SU 6
NA 0.5 60 65 24 30 39 33 +2% (—11 to +15%); pain free: NA5 vs SU 6 +24% (+4 to +44%)
NA1 55 75 34 44 41 29 NA 10 vs SU 6 +33% (+15 to +51%)
NA 2.5 42 83 42 60 49 43
NAS5 34 94 53 79 22 59
NA 10 34 91 50 88 29 71
SU6 47 89 48 55 45 53

A decrease in headache from severe or moderate to mild or none at 2 hours.

Percentage success with active drug minus percentage success with placebo.

At 2 hours.

Percentage of patients with an initial success who had an increase in headache to moderate or severe within 24 hours.

Secondary efficacy parameter.[107]

Success rate at 4 hours.

Both doses of zolmitriptan were superior to both doses of sumatriptan in providing pain relief over 24 hours across 6 attacks, see Gallagher.[108]
The primary effect parameter was time to headache relief or time to pain free within 2 hours.

Patients selected as having frequent recurrences (=50% of attacks treated with any medication).

AL =almotriptan; EL = eletriptan; NA = naratriptan; PL = placebo; RI = rizatriptan; SU = sumatriptan; ZO = zolmitriptan; * = statistically significant difference at p < 0.05 vs comparator;
** = statistically significant difference at p < 0.01 vs comparator.

-0 KQ "o Q0 oTw
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Table VII. Randomised, clinical trials comparing sumatriptan and eletriptan with standard treatments for migraine attacks (percentage in

parenthesis are 95% confidence interval)

Drugs and dose (mg) No. of patients ~ Success rate (%) Recurrence? (%)

at 2h at 4h

Adverse events (%) Comparative efficacy (%)

Oral administration
Multinational Oral Sumatriptan and Cafergot Comparative Study Group!'?2

SuU 100 220 66** 41+

E2+C 200 246 48 30

Oral Sumatriptan and Aspirin plus Metoclopramide Comparative Study Groupl*?3!
SuU 100 133 56 42

A900+M 10 138 45 33

Tfelt-Hansen et al.[124]

PL 124 24 30
SU 100 119 530 38
L-ASA 1620 + M1 133 570 18

Myllyla et al.[125]

PL 41 29 25
RTA 200 + RTA 200 43 77° 23
SU 100 42 79° 22
The Diclofenac-K/Sumatriptan Migraine Study Group!*2¢]

PL 131 19
DIC-K 50 131 -17¢ 22
DIC-K 100 122 -19¢ 24
SuU 100 130 -15° 26

Subcutaneous sumatriptan
Touchon et al.[127]

SU 6 266 80** 31+
DHEN1 + DHEN1 266 50 17
Winner et al.[28]

SU6 150 85xrx 83 45**
DHEs1 + DHEs1 145 73 86 18

Diener et al.[1?9]

su6 114 91P%x
L-ASA 1800 119 74b
PL 42 24

Intranasal sumatriptan
Boureaul*3%!

SU 20 327 63
DHEnN1 + DHEn1 327 51

Rectal sumatriptan
Medical Products Agencyt31d

SuU 25 241 63 22*
E2+C 100 241 73" 11
+E 2 +C 100

45
39

4%
29

13
28**
36

19
30
41

20
19
15
26

43+
22

33%*

2e
146**

Success rates: SU 100 vs E 2 +
C 200 +18% (+9 t0 +27%)

Success rates: SU 100 vs A900
+M 10 +11% (-1 to +23%)

Success rates: SU 100 vs
L-ASA 1620 + M 10 —4% (-17 to
+8%)

Success rates: SU100 vs RTA
200 + RTA 200 +2% (-17 to
+200)

Differences in VAS: SU 100 vs
DIC-K 50 —3% (-9 to +4%);
differences in VAS: SU 100 vs
DIC-K 100 —4% (—11 to +3%)

Success rates: SU 6 vs DHEn1
+DHENL +30% (+19 to +41%)

Success rates (2h): SU 6 vs
DHEs1 + DHEs1 +12% (+3 to
+21%); success rates (4h): SU 6
vs DHEs1 + DHEs1 —3% (-11 to
+5%)

Success rates: SU 6 vs L-ASA
1000 + 17% (+8 to +27%)

Success rates: SU 20 vs
DHEN1 + DHEN1 + 12% (+4 to
+20%)

Success rates: SU25vs E 2 +
€ 100n +E 2 + C 100 — 10%
(~18 to —2%)

0 Adis International Limited. All rights reserved.
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Table VII. Contd

Drugs and dose (mg) No. of patients ~ Success rate (%)

Recurrence? (%) Adverse events (%) Comparative efficacy (%)

at 2h at 4h
Oral eletriptan
Reches!32
PL 102 21 44 Success rates: EL40VvSE2 +C
EL 40 206 54bxx 21 200 +21% (+11 to +30%); EL 80
EL 80 209 680x* 22 vs E2 + C 200 +35% (+26 to
E2 + C200 197 33P 8 +44%)

a Recurrence rate definition varied (see individual papers).

o

Statistically significant difference from placebo at p < 0.01.

@ o o

Only nausea and/or vomiting are given as adverse events.

Difference from placebo in mm on a 100mm visual analogue scale at 2 hours.

44% preferred sumatriptan and 37% preferred E+C in this crossover trial (NS).

A = aspirin; C = caffeine; DHEN = intranasal dihydroergotamine; DHEs = subcutaneous dihydroergotamine; DIC-K = diclofenac-potassium;
E = ergotamine; EL = eletriptan; L-ASA = lysine acetylsalicylate; M = metoclopramide; PL = placebo; RTA = rapid release tolfenamic acid;
SU = sumatriptan. * = statistically significant difference at p < 0.05 vs comparator; ** = statistically significant difference at p < 0.01 vs

comparator.

al §148.157] sumatriptan 50mg caused fewer adverse
events than sumatriptan 100mg.

The mean therapeutic gain for sumatriptan
25mg was 24% (95% Cl 1810 29%) [based on 1113
patients treated with sumatriptan (headache relief
in 56%) and 428 patients treated with placebo
(headache relief in 32%); fig. 3].[116.148,152.153] | 2
direct comparative trial§148.1571 symatriptan 25mg
was found to be inferior to sumatriptan 50mg and
100mg. In 1 trial ,[*16] sumatriptan 25mg was supe-
rior to placebo after 30 minutes. After sumatriptan
25mg, 38% (273/714) of patients experienced the
same incidence of adverse events as after placebo
— 37% (132/353).

Concerning oral sumatriptan, one can conclude
that the 50 and 100mg dosesare equal ly efficacious
and are superior to the 25mg dose. Fewer adverse
events are reported with the 25 and 50mg doses
than the 100mg dose, and no more adverse events
than placebo are seen with either of the lower
doses. Based on these results, 50mg should be the
optimum dose of sumatriptan. Even though 100mg
caused more adverse events than 50mg in 1 cross-
over trial,[*57] almost the same percentage of pa-
tients (35 and 31%, respectively) preferred the 2

0 Adis International Limited. All rights reserved.

higher doses of sumatriptan, whereas only 21%
preferred the 25mg dose. This could be due to the
fact that more patients on 100mg than on 50mg
reported complete relief of pain.[157 Some patients
seem to prefer a more effective dose and will en-
dure the cost of more — transient and often mild —
adverse events.

5.1.3 Infranasal Sumatriptan

In randomised clinica trials the minimum ef-
fective dose of intranasal sumatriptan was 5mg;
10mg was also effective, but |ess so than 20mg.[9
Intranasal sumatriptan 20mg was the optimum
dose,[¥ with no benefit in increasing the dose to
40mg.[9.158]

Intranasal sumatriptan 20mg hasbeen evaluated
against placebo in 7 trials.[158-162] | ntranasal suma-
triptan 20mg [based on 1205 patients treated with
sumatriptan (headache relief in 61%) and 701 pa-
tients treated with placebo (headache relief in
31%)] had a mean therapeutic gain of 30% (95%
Cl 25 to 34%) after 2 hours (fig. 3). Intranasal su-
matriptan 20mg was superior to placebo after 15
minutes.[133] There were 21% (95% CI 16 to 26%)
more adverse events reported with intranasal su-
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Suma 25
Suma 50
Suma 100
Suma (IN) 20
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Riza 10 |_|_'
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Ele 80

Dose of triptans (mg)

Almo 12.5
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Almo 25 e
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Frova 2.5

Mean therapeutic gain (%)

Fig. 3. Mean therapeutic gain (proportion of patients responding
to active drug minus proportion of patients responding to pla-
cebo) and 95% confidence intervals for different doses of
sumatriptan (Suma), zolmitriptan (Zolmi), naratriptan (Nara),
rizatriptan (Riza), eletriptan (Ele), almotriptan (Almo) and
frovatriptan (Frova). All triptans were administered orally, except
for sumatriptan, where intranasal (IN), rectal (PR) and subcuta-
neous (SC) routes were also used. For the number of patients
treated with each agent and placebo, see text. Note that the
therapeutic gain was determined with most certainty for
sumatriptan 100mg, subcutaneous sumatriptan 6mg and
rizatriptan 10mg (approximately 4500, 3000 and 3500 patients,
respectively).

matriptan 20mg than with placebo;[163 the most
common adverse event was taste disturbance.[158-162]

In1trial, 37% (73/200) of patients treated with
intranasal sumatriptan 20mg had headache relief
after 30 minutes (primary efficacy parameter), com-
pared with 22% (45/207) of patients treated with
oral sumatriptan 100mg.[*64 Intranasal sumatrip-
tan thus had a therapeutic gain over oral suma-
triptan of 15% (95% CI 6 to 23%) after 30 minutes.
Similar therapeutic superiority of intranasal su-
matriptan was also found at 15 minutes, and at 45
and 60 minutes. After 4 hours, oral sumatriptanwas
almost superior to intranasal sumatriptan [9% dif-

0 Adis International Limited. All rights reserved.

ference in response (95% CI -0.2 to +19%)]. For
the second and third attacks treated, no superiority
of intranasal over oral sumatriptan could be dem-
onstrated from 15 to 120 minutes, and oral suma-
triptan was superior to intranasal sumatriptan after
4 hours (p < 0.01).

5.1.4 Rectal Sumatriptan

Two trials comparing the recommended 25mg
rectal dose of sumatriptan have been publish-
€0l.[165.166] | n addition, 2 trials have been presented
as posters.[167.168] Rectal sumatriptan 25mg [based
0n 426 patientstreated with sumatriptan (headache
relief in 70%) and 403 pati entstreated with placebo
(headache relief in 39%)] had a mean therapeutic
gain of 31% (95% CI 25 to 37%) after 2 hours(fig.
3). Rectal sumatriptan 25mg was significantly su-
perior to placebo from 30[16% to 60 minutes.[166.167]
Intheseclinical trials,[165-167] theincidence of adverse
events reported was 25% (76/301) after sumatrip-
tan versus 14% (24/171) after placebo. There were
thus 11% (95% CI 4 to 18%) more adverse events
with rectal sumatriptan 25mg than with placebo.
Higher doses of 50 and 100mg did not increase the
efficacy compared with 25mg,[166] and 12.5mg can
be considered as the minimum effective dose.[165-168]

5. 1.5 Special Randomised Clinical Trials

The question of whether a second dose of su-
matriptan increases efficacy has been investigated
in 4 placebo-controlled clinical trials.[134135.169,170]
In 2 trias, subcutaneous sumatriptan 6mg or pla-
cebo was given 1 hour after the first dose of suma-
triptan to patients without headache relief. There
was no difference in headache response at 2 hours
between the 6mg plus 6mg of sumatriptan and the
6mg of sumatriptan plus placebo regimens.[134135]
In 2 trials, patients initially took oral sumatriptan
100mg, which was followed at 2169 or 4[170 hours
by either another dose of sumatriptan 100mg or
placebo in adouble-blind fashion. Headache relief
rates at 41169 and 8!1701 hours after the initial, non-
blind dose of sumatriptan were 80 and 77% for the
100mg plus 100mg of sumatriptan group!'®? and
85 and 849% for the 100mg of sumatriptan pluspla-
cebo group.[179 Taken together, these 4 trials dem-
onstrate that neither a second dose of sumatriptan
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to patients not responding to the first dose nor the
routine use of a second dose increases the efficacy
of sumatriptan.

Headache recurrence (significant worsening of
headache within 24 to 48 hours after an initial suc-
cessful response at, for example, 2 hours) isaprob-
lem with all triptans and also with other acute mi-
graine treatments (see tables VI and VII). With
sumatriptan, it occursin 20 to 40% of primary suc-
cessfully treated patientsin controlled clinical tri-
als. It isaso amajor problem in clinical practice;
about 75% of patients are reported to experience
headacherecurrencein at | east some attacksand up
to 40% in most of their attacks.!174]

Oral sumatriptan has been evaluated for the pre-
vention of recurrence by administering 100mg
211691 or 411701 hours after oral sumatriptan 100mg,
or 4 hours after subcutaneous sumatriptan 6mg.[172
Inall 3trials, the patientswerefirst given nonblind
sumatriptan and then either sumatriptan 100mg or
placebo. In none of these studies did sumatriptan
100mg decrease the incidence of headache recur-
rence compared with placebo. Prevention of recur-
rence with a second dose of sumatriptan isthus not
recommended.[169.170.172]

Theefficacy of sumatriptanintreating recurrent
headache (after it has occurred) has been investi-
gated in 3 trials.[169.170.173] |n gl 3 trials, sumatrip-
tan was superior to placebo. Oral sumatriptan
100mg seemsto have the sameefficacy in thetreat-
ment of headache recurrences [mean therapeutic
gain after 2 hours of 32% (95% Cl 18 to 45%)](169
as in the treatment of migraine attacks (see above
and fig. 3). In the second triall*" with oral suma-
triptan, the therapeutic gain was approximately
37% after 4 hours. Inthethird trial 1173 subcutane-
ous sumatriptan 6mg had a84% responserate com-
pared with 50% for placebo for thefirst attack. The
therapeutic gain was thus 34% (95% CI 15 to
52%). In conclusion, a second dose of sumatriptan
is effective in the treatment of headache recur-
rence, asisasecond dose of rizatriptan (see section
5.4).

Subcutaneous sumatriptan was compared with
placebo during the auraphasein 1 trial .[174 88 pa-
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tients treated themselves with sumatriptan 6mg
and 83 patients received placebo during a typical
aura. The median duration of aurawas 25 minutes
after sumatriptan and 30 minutes after placebo
(NS). The proportion of patients who developed a
moderate or severe headache after administration
of test drugswas similar in the 2 groups (68% after
sumatriptan and 75% after placebo). The reasons
for the lack of effect of sumatriptan administered
during the aura phase on the subsequent develop-
ment of headache remain obscure.

5.2 Zolmitriptan

Zolmitriptan has a well established dose-
response curve, with 1mg being the minimum ef-
fective dose and 2.5mg being the optimum dose.[17!
Doses up to 25mg zolmitriptan have been evalu-
ated[176-180] gnd generally no increase in efficacy
was observed above the 2.5 to 5mg dose but an
increase in adverse effects was noticeable.[175176]
An exception is the high therapeutic gain of 58%
(95% CI 47 to 68%) for zolmitriptan 20mg in 1
trial 1189 aresult normally seen only after subcuta-
neous sumatriptan (fig. 3).

The recommended dose of zolmitriptan 2.5mg
has been compared with placebo in 3 trial .[109.177.179]
Zolmitriptan 2.5mg [based on 742 patients treated
with zolmitriptan (headacherelief in 65%) and 367
patients treated with placebo (headache relief in
33%)] had a mean therapeutic gain of 32% (95%
Cl 26 to 38%) after 2 hours (fig. 3). After 1 hour,
the mean therapeutic gain was 15% (95% CI 10 to
21%).1109.177.179] 70| mitriptan 2.5mg was superior
to placebo after 1 hour in 2 trials.[209.179 |n all 3
trials,[109.177.179] adverse events occurred in 43%
(341/802) of patientstreated with zolmitriptan and
in 26% (102/393) of patientstreated with placebo.
The use of zolmitriptan 2.5mg thusresultedin 17%
(95% CI 11 to 22%) more adverse events than pla-
cebo.

A recurrencerate of 22% after zolmitriptan 2.5mg
was reported in 1 trial 177 and in another trial[10°]
it was 29%. The overal recurrence rate in dose-
ranging studies was 31% with zolmitriptan 2.5mg
or 5mg.[173]
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5.3 Naratriptan

Oral naratriptan has been evaluated in a wide
doserangefrom 0.1 to 10mg,[110.111,181,182] \yjth su-
matriptan 100mg as control treatment in 2 tri-
ald110111] (seetable V). Theminimum effectivedose
was 1mg and naratriptan 2.5mg was chosen as the
dose resulting in no more adverse events than pla-
cebo.183] Higher oral doses of naratriptan 7.5 and
10mg were quite comparable in efficacy to 100mg
sumatriptan in 1 trial [110.111]

Oral naratriptan 2.5mg, the recommended dose,
has been evaluated against placebo in 5 tri-
als[110.111,113,181,182] Naratriptan 2.5mg [based on
1223 patients treated with naratriptan (headache
relief in 48%) and 1019 patients treated with pla-
cebo (headache relief in 27%)] had a mean thera-
peutic gain of 22% (95% Cl 18 to 26%) after 2
hours (fig. 3). Escape medication could first be
taken after 4 hours, and at thistime the mean thera-
peutic gainwas33% (95% Cl 29 to 37%).[110,111,181,182]
Naratriptan 2.5mg was superior to placebo in pro-
ducing headacherelief after 60 minutes.[113.183] Re-
currence ratesfor naratriptan 2.5mg were 17%,!1811
19%,1182] 219,110 27941111 and 28%.113]

In 1 early, relatively small dose-ranging study
(seetable V1), subcutaneous naratriptan in the dose
range of 0.5 to 10mg was compared with placebo
and subcutaneous sumatriptan 6mg.!121 After 2
hours, all doses of naratri ptan were superior to pla-
cebo, with response rates of 65% (0.5mg), 75%
(1mg), 83% (2.5mg), 94% (5mg) and 91% (10mg)
versus 41% for placebo. The response rate for su-
matriptan was 89%. Naratriptan 2.5mg (and higher
doses) was thus quite comparable to sumatriptan
6mg but, as shown by the wide 95% CI (see table
V1), thetrial istoo small to demonstrate compara-
bility. The recurrence rateswere 45% for sumatrip-
tan and comparable to those with the lower doses
of naratriptan (38%, 0.5mg; 41%, 1mg; and 49%,
2.5mg), whereas the 5 and 10mg doses resulted in
lower, but not significantly different, recurrence
rates of 22 and 29%, respectively.
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5.4 Rizatriptan

The minimum effective dose for rizatriptan is
5mg, with the optimum dose being 10mg.[105] A
dose of rizatriptan 2.5mg was ineffective,184
whereas the high 40mg dose had atherapeutic gain
of 49%,[114] but it caused too many adverse events
(83% of patients).

Rizatriptan 10mg has been evaluated in 8 pla-
cebo-controlled trial .[109.113.114,116,117,184-186] Rjza-
triptan 10mg [based on 2470 patients treated with
rizatriptan (headache relief in 69%) and 1097 pa-
tients treated with placebo (headache relief in
32%)] had a mean therapeutic gain of 37% (95%
Cl 34 to 40%) after 2 hours (fig. 3). Rizatriptan
10mg was superior to placebo after 30 minutes
(Tfelt-Hansen personal observation).[18l |n 6 of
thesetrials,[109.113,114,116,117.185] the i ncidence of ad-
verse events reported was 42% (718/1705) after
rizatriptan versus 27% (234/88120) after placebo.
There were thus 16% (95% CI 12 to 29%) more
adverse events after 10mg rizatriptan than after
placebo.

The 5mg dose of rizatriptan, recommended for
use in patients on propranolol, has been evaluated
in 5 controlled trial s.[115-117.184.185] Rj zatriptan 5mg
[based on 1397 patients treated with rizatriptan
(headache relief in 62%) and 749 patients treated
with placebo (headacherelief in 34%)] had amean
therapeutic gain of 28% (95% CI 23 to 32%) after
2 hours (fig. 3). Rizatriptan 5mg was superior to
placebo after 30 minutesin 1 trial [118] In 4 of these
trials,[115-117.185 the incidence of adverse eventsre-
ported was 35% (448/1268) after rizatriptan and
27% (188/686) after placebo. There were thus 8%
(95% CI 4 to 12%) more adverse events after riza-
triptan 5mg than after placebo.

A rapidly dissolving wafer of rizatriptan has been
compared with placebo in 2 trials (Merck & Co.
Inc., dataon file).[187] Rizatriptan 10mg as awafer
[based on 288 patients treated with rizatriptan
(headache relief in 70%) and 265 treated with pla-
cebo (headache relief in 34%)] had a mean thera-
peutic gain of 37% (95% CI 29 to 45%); the same
therapeutic gain as 10mg rizatriptan tablets (see
above). Rizatriptan 5mg asawafer (headacherelief
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in 62% of 271 patients) had a mean therapeutic
gain of 28% (95% CI 20to 36%). Rizatriptan 10mg
asawafer was superior to placebo after 30 minutes
with asmall therapeutic gain of 11% (95% CI 3 to
18%).1187]

In 1 trial,[18) rizatriptan 10mg was superior to
placebo in the treatment of headache recurrence
with atherapeutic gain of 38% (95% CI 23 to 52%)
after 2 hours, whereas rizatriptan 5mg was not sig-
nificantly superior to placebo in the treatment of
recurrence.

5.5 Eletriptan

So far, no peer-reviewed paper on eletriptan has
been published. An early dose-finding study eval-
uating doses from 5 to 30mg el etriptan found only
minor difference from the placebo response.[188l
From 4 placebo-controlled trials,[118:119.132,189] the
mean therapeutic gain for eetriptan 80mg [based
on 894 patients treated with eletriptan (response
rate 68%) and 524 patients treated with placebo
(response rate 25%)] was 42% (95% CI 37 to 47%)
after 2 hours(fig, 3). For eletriptan 40mg, themean
therapeutic gain was 37% (95% Cl 32to 42%) after
2 hours.[119.132.189] Both the 40 and 80mg doses of
eletriptan were superior to placebo in producing
headache relief after 30 minutes.[189

In the trial programme for eletriptan, adverse
eventswere reported to occur in 50, 42 and 31% of
patients treated with eletriptan 80 and 40mg and
placebo, respectively.[199 Asthenia was the com-
mon adverse event occurring in 5% of patients
treated with eletriptan 40mg and 10% of patients
treated with eletriptan 80mg.[190

5.6 Almotriptan

No peer-reviewed papers on almotriptan have
been published. The first efficacy trial demon-
strated that subcutaneous almotriptan 6 and 10mg
were superior to placebo.[19 A meta-analysisi192
of placebo-controlled trials reported that the mean
therapeutic gain with almotriptan 12.5mg [based
on 719 on patients treated with almotriptan (re-
sponserate 61%) and 355 patientstreated with pla-
cebo (response rate 35%)] was 26% (95% CI 20 to
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32%). The mean therapeutic gain with almotriptan
25mg [based on 386 patients treated with al-
motriptan (response rate 63%) and 210 patients
treated with placebo (responserate 39%)] was 24%
(95% CI 16 to 33%) [fig. 3]. The 6.25mg dose of
almotriptan had a mean therapeutic gain of 20%
(95% CI 14 to 26%)!192] and was thusthe minimum
effective dose. Almotriptan 12.5mg was superior
to placebo after 30 minutes in 1 trial.[?] Higher
doses up to 150mg amotriptan were not superior
to the 256mg dose.l1% The incidence of adverse
events was similar after almotriptan 12.5mg and
after placebo, whereas there were more adverse
events with almotriptan 25mg than placebo (odds
ratio versus placebo: 2.0).1192 A recurrence rate of
15% was reported in 1 trial .[120]

5.7 Frovatriptan

Based on only 2 placebo-controlled trials, pub-
lished as abstracts,[194.19 the mean therapeutic
gain for frovatriptan 2.5mg [225 patients treated
with frovatriptan (response rate 40%) and 214 pa-
tients treated with placebo (response rate 24%)]
was 16% (95% CI 8 to 25%) after 2 hours (fig. 3).
Higher doses up to frovatriptan 40mg were not su-
perior to the 2.5mg dose!%4 and lower doses were
not superior to placebo.[%] Recurrence rates of
11%!194 and 1490119 were reported for frovatriptan
2.5mg, but comparative trials are lacking.

5.8 Other 5-HT1g;10 Receptor Agonists

Avitriptan (BMS-180048) 75mg had a mean
therapeutic gain of 22% (95% CI 9 to 36%) in 2
trials,[1011 put the development programme for
avitriptan has been stopped because of hepatic tox-
icity.

Subcutaneous aniditan, a non-triptan 5-HT1g/1p
receptor agonist, had a therapeutic gain of 45%
(95% CI 26 to 65%) at adose of 1.4mg after 1 hour
in 1 trial.[13] A decreasein recurrence rate with in-
creasing dose of alniditan was observed,[*3 but as
aniditan did not result in fewer recurrences than
sumatriptan (Jansen, dataonfile), the devel opment
of alniditan was stopped.
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5.9 Consistency of Response in
Multiple Attacks

In patients treating 3 migraine attacks with
sumatriptan 100 to 300mg, 47% responded to all 3
treatments compared with 8% responding to placebo
in all 3 attacks.[29 This trial was, however, not
designed to investigate consistency of response.

Consistency of response to subcutaneous suma-
triptan 6mg was investigated in 120 patients treat-
ing 3 migraine attacks with sumatriptan and 1 at-
tack with placebo in a double-blind, randomised
crossover trial 11471 Relief rateswere 78, 85, 84 and
84% at 60 minutes postdose for the first to fourth
attacks, indicating that the efficacy of sumatriptan
did not diminish with repeated use. 73% of patients
responded to all sumatriptan-treated attacks. In a
another double-blind, crossover trial, consistency
of response to sumatriptan 100mg was evaluated
by letting 154 migraine patientstreat up to 9 attacks
with sumatriptan and up to 3 attacks with pla-
cebo.[15% Patients were randomised to receive
sumatriptan or placebo ina3: 1 ratio for three 4-
attack blocks. The response to sumatriptan (49 to
50%; mean of 3 attacks) and placebo (16 to 20%)
was quite similar for each of the three 4-attack
blocks. In a subset of patients who treated 9 mod-
erate or severe attacks, 62% experienced headache
relief in 7 of 9 attacks.

The consistency of the effect of rizatriptan 10mg
was investigated in 1 placebo-controlled triall188]
in which 407 patients treated up to 4 attacksin a
specia crossover design. The percentages of pa-
tients responding at 2 hours to rizatriptan 10mg
were consistent (75 to 80%) over the 4 attacks,
whereas the response to placebo varied somewhat
(2810 54%). Of the 315 patientswho treated at | east
3 migraine attacks with rizatriptan, 272 (86%) had
relief in at least 2 of the attacks.

Apart from these 3 trials, consistency of re-
sponseto atriptan has been claimed but not proven
in nonblind long term studies with sumatrip-
tan,[196.1971 zolmitriptan,[*%8! naratriptan,['% and
rizatriptan;[2°0 for discussion, see Saxena & Tfelt-
Hansenl”! and Tfelt-Hansen.[201]
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6. Comparative Trials versus
Other Triptans

The second generation triptans (zol mitriptan,
naratriptan, rizatriptan, eletriptan and almotriptan)
have been compared with oral sumatriptan in 13
double-blind RCTsand, in addition, rizatriptan has
been compared with zolmitriptan and naratriptan
in 1 trial each (see table VI). Furthermore, 1 trial
compared subcutaneous naratri ptan, an administra-
tion form of naratriptan not developed for clinical
use, with subcutaneous sumatriptan(22! (table V).
Rizatriptan 40mg was superior to sumatriptan
100mg for success rate at 2 hours,!*4 but this dose
was later reduced because of a high incidence of
adverse events. Eletriptan 80mg was superior to
sumatriptan 100mg!t** and 25 and 50mg,!119 in
most cases also for the clinically more relevant pa-
rameter of being pain free after 2 hours.[202 Ele-
triptan 40mg was superiorl19 or comparable to
sumatriptan 100mg,[119 wheresas this dose of ele-
triptan was not superior to sumatriptan 25 or 50mg
in 1 trial with a rather high placebo response of
40%.119 For zolmitriptan 5mg,!1%7 rizatriptan
5[115.116] and 10mg,[116:117] gl etri ptan 20mg, (119 and
almotriptan 12.5 and 25mg,['2% the results at 2
hours were similar to those with the comparative
sumatriptan dose (table VI). Zolmitriptan 5mg was
comparable to sumatriptan 50 and 100mgin 2 tri-
alg107.108] and marginally better than sumatriptan
25mg in 1 trial(1%l (table V1). The 2.5mg dose of
zolmitriptan was also marginally better than su-
matriptan 25 and 50mg,!18! and it was comparable
to rizatriptan 10mg for headacherelief but inferior
for being pain free in 1 trial(1%9 (table VI1). Nara-
triptan in oral doses of 7.5 and 10mg was compa-
rable to sumatriptan 100mg.[11% However, the
2.5mg oral dose of naratriptan, which was chosen
for clinical use based on incidence of adverse
events being comparable to that with placebo,183]
was inferior to sumatriptan 100mg in 3 trials for
the chosen primary efficacy parameter, headache
relief after 4 hours.[110-112] Aswould be expected,
naratriptan 2.5mg was inferior to rizatriptan 10mg
in 1 trial.[113 Subcutaneous naratriptan in doses
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from 2.5 to 10mg was comparabl e to subcutaneous
sumatriptan 6mg.[121]

The recurrence rates for sumatriptan 100mg
varied considerably among trials (seetable V1). In
1 trial(129 with generally extremely low recurrence
rates for all drugs it was as low as 6%. In patients
who were recurrence-prone, it was predictably high,
at 57%.[1121 |nthe other 8trials, therecurrencerates
for sumatriptan 100mg were between 27 and 44%.
This variability demonstrates that recurrence rates
for 2 drugs can be compared only in comparative
trials. Apart from naratriptan, there are no consis-
tent differences in recurrence rates between the
new triptans and sumatriptan (table VI). Nara-
triptan 2.5mg resulted in fewer recurrences than
sumatriptan 100mg in 2 trialg110.111 and this was
also the case in patients with recurrence-prone mi-
grainein 1trial.[*12 |n addition, in 1 trial ,[113] nara-
triptan 2.5mg resulted in fewer recurrences (21%)
than rizatriptan 10mg (33%). Thus, even if there
are statistical concerns about comparing recur-
rence ratesin 2 groups of patients responding to 2
different drugs,!293 these results strongly indicate
that the longer half-life of naratriptan compared
with sumatriptan and rizatriptan (see table V1) re-
sultsin fewer recurrences. However, thisis not al-
waysthe case, asillustrated by the high recurrence
rates after some of the subcutaneous naratriptan
dosed' 121 (table V). That recurrence rates can also
depend on factors other than the half-lives of drugs
isindicated by the lower recurrence rates with er-
got alkaloids than with triptans (see section 7); this
is most likely due to differences in the kinetics of
drug-receptor interaction.

On the basis of the more rapid absorption of
rizatriptan compared with sumatriptan (see section
3), 2 trial §116.117] compared the speed of onset of
headache relief between oral rizatriptan and oral
sumatriptan with time to headache relief analysis
up to 2 hours. One analysig18l suggests that ap-
proximately 15% more patients are likely to achieve
headache relief within 2 hours after rizatriptan 5
and 10mg than after sumatriptan 25 and 50mg, re-
spectively. In the other trial,[*17] the sumatriptan-
treated group was marginally but significantly
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older than the rizatriptan group, and older age was
correlated with better response. After correction
for age imbalance, the results suggest that 21%
more patients are likely to achieve headache relief
within 2 hours after rizatriptan 10mg than suma-
triptan 100mg.[*17] More patients treated with ri-
zatriptan 10mg (40%) than with sumatriptan
100mg (33%) were pain free after 2 hours (table
V1). A post hoc analysis of the results suggeststhat
29% more patients are likely to be pain free within
2 hours after rizatriptan 10mg than after suma-
triptan 100mg.

In addition, rizatriptan 10mg was compared
with zolmitriptan 2.5mg for timeto being pain free
within 2 hourd1% and with naratriptan 2.5mg for
time to headache relief within 2 hours.''3 Riza-
triptan 10mg was more effective than the clinically
used low dose of naratriptan 2.5mg after 2 hours
(seesection 5.3 and figure 3). Therefore, asexpected,
both analysis of timeto headacherelief (62% more
likely to berelieved with rizatriptan than with nar-
atriptan) and analysis of time to being pain free
(2.5 times more likely to be pain free with riza-
triptan than with naratriptan) demonstrated the su-
periority of rizatriptan (p < 0.0001).[133] Patients
treated with rizatriptan 10mg were 26% more
likely to be pain free within 2 hours than those
treated with zolmitriptan 2.5mg (p = 0.075).[109
When analysed for time to sustained pain-free sta-
tus through the 2-hour period, a pre-planned anal-
ysis, the difference became statistically significant
(p=0.041). Similar results were found for time to
headache relief .[109 Patients treated with rizatriptan
10mg had a normal function at 2 hours significantly
more often (45%) than those treated with zolmi-
triptan 2.5mg (37%).[109

7. Comparative Trials with Drugs other
than Triptans

Sumatriptan, thefirst triptan, isthe only onethat
has been compared with several standard treat-
ments for migraine attacks. In addition, eletriptan
has been compared with ergotamine (ergotamine
tartrate) 2mg plus caffeine 200mg (ergotamine/
caffeine) in 1 clinical trial .32 A brief summary of
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these 11 randomised, double-blind clinical trialsis
shown in table VII. Oral sumatriptan 100mg was
superior to ergotamine/caffeine, with aquicker on-
set of action, but with more recurrences (41 vs
30%) within 48 hours.[*22 Sumatriptan 100mg was
not significantly superior to acombination of aspi-
rin (acetylsalicylic acid) 900mg and metoclopram-
ide 10mg for the first treated migraine attack, the
primary efficacy parameter, but was superior for
the second and third treated attacks, and for other
parameters.[123 A combination of a highly soluble
aspirin salt, lysine acetylsalicylate 1620mg (equiv-
alent to 900mg aspirin), and metoclopramide
10mg was equivalent to sumatriptan 100mg.[124]
Diclofenac-potassium, 50 and 100mg, was equiv-
alent to sumatriptan 100mg,[126! put the primary
efficacy parameter used — changes in head pain on
avisual analogue scale —makesit difficult to com-
pare the results with those of other trials with
triptans. Apparently, a rapidly soluble form of
tolfenamic acid, given in a dose of 200mg plus
200mg, was comparable to sumatriptan 100mg,[123
but as demonstrated by the wide 95% CI (seetable
V1), this finding needs confirmation in a larger
trial.

Subcutaneous sumatriptan 6mg was consider-
ably superior to dihydroergotamine (dihydroergot-
amine mesylate) nasal spray (1mg + 1mg), with
superiority being already evident at 15 minutes.[127]
Recurrence of headache occurred less often after
dihydroergotamine (17%) than after sumatriptan
(31%).11271 Compared with subcutaneous dihydro-
ergotamine (1mg + optional 1mg), subcutaneous
sumatriptan was superior for the first 2 hours, but
after 3 and 4 hours the effects of both treatments
weresimilar.[128] After dihydroergotaminetherewere
significantly fewer recurrencesthan after sumatriptan
(18 vs 45%). Subcutaneous sumatriptan 6mg was
superior to intravenous lysine acetylsalicylate
1800mg (corresponding to 1000mg aspirin).[129

Intranasal sumatriptan 20mg was superior to
intranasal dihydroergotamine (1mg + optional
1mg) from 45 to 120 minutes after administra-
tion,[139 but there were fewer recurrences after di-
hydroergotamine (13%) than after sumatriptan
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(23%). Rectal sumatriptan 25mg wasinferior tothe
ergotamine/caffeine suppositories (ergotamine
2mg plus caffeine 100mg) taken by two-thirds of
the patients twice within 30 minutes, and there
were fewer recurrences after ergotamine/caffeine
(11%) than after sumatriptan (2296).1131 However,
because of adverse events, 44% of patients pre-
ferred sumatriptan and 37% preferred ergotamine/
caffeine in this crossover study (NS). Both ele-
triptan 40 and 80mg were superior to ergotamine
2mg/caffeine 200mg and placebo.[132

Sumatriptan 100mg produced more adverse
events than aspirin plus metoclopramidel23 and
lysine acetylsalicylate plus metoclopramide,!124
and more adverse events were seen with subcuta-
neous sumatriptan 6mg than intranasal dihydro-
ergotamine (1mg + optional 1mg)!127 and intrave-
nous lysine acetylsalicylate.l1?! Rectal sumatriptan
25mg produced less nausea and/or vomiting than
ergotamine 2mg/caffeine 100mg suppositories13l
(table VI1). In most cases, the adverse events were
mild to moderate, but 1 case of atrial fibrillation after
sumatriptan 100mg necessitated hospitalisation.[124

An interesting observation is that in all 5 tri-
alg122.127.128,130,131] comparing sumatriptan with
either ergotamine or dihydroergotamine, the recur-
rence rate was lower after the ergot alkaloid than
after sumatriptan (table VII). A similar tendency
was observed for ergotamine versus el etriptan.[132
Thisismost probably because of thelong duration
of the vascular effects of a single dose of an ergot
alkal 0id.[204205]

8. Conclusions

Second generation triptans do not seem to differ
much from sumatriptan in their pharmacodynamic
properties apart from being more lipophilic (see
table V), with aresultant potential effect on central
parts of the trigeminovascular system. However,
they show improved pharmacokinetics. Thus, all
second generation triptans have a higher oral bio-
availability than the 14% observed for sumatriptan
(table V). Ora bioavailability is 46% for zolmi-
triptan, 74% for naratriptan, 40% for rizatriptan,
50% for eletriptan, 80% for amotriptan and 30%
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for frovatriptan. Oral rizatriptan is absorbed more
quickly than oral sumatriptan, whereas the other
triptans are absorbed at the same rate as or more
slowly than sumatriptan. The half-life of the newer
triptans is either approximately comparable (zol-
mitriptan 3 hours, rizatriptan 2 hours and almo-
triptan 3 hours) to the 2 hours for sumatriptan, or
longer (naratriptan 5.5 hours, eletriptan 6 hours
and frovatriptan 30 hours).

Do these relatively minor pharmacodynamic
and considerable pharmacokinetic differences com-
pared with sumatriptan result in clinically relevant
increased efficacy compared with oral sumatriptan?
Andwhat istherelative efficacy of the second gen-
eration triptans? To answer these questions defini-
tively, awiderange of RCTscomparing thetriptans
isneeded. Sofar, only 15 such comparativeclinical
trials (13 trials involving a newer triptan and
sumatriptan) have been performed.

In addition to comparative trials, all triptans
have therefore been compared with placebo (also
in this review) by calculating mean therapeutic
gains for headache relief (fig. 3). However, this
kind of analysis should be used with caution, since
itisnot based on randomisation of patientsto treat-
ments. In our view, only definitely outstanding re-
sults should be judged as most likely to be clini-
cally relevant. This analysis thus indicates that,
with respect to headache relief at 2 hours, ele-
triptan 80mg is superior to sumatriptan 100mg, and
that naratriptan 2.5mg and frovatriptan 2.5mg are
inferior to sumatriptan 100mg. All other triptansor
doses of oral triptans seem roughly equivalent to
sumatriptan 50 to 100mg. Intranasal and rectal
sumatriptan seem equivalent to oral sumatriptan,
whereas subcutaneous sumatriptan is superior to
al clinically used oral doses of triptans (fig. 3).

Areview of therelatively few comparativetrials
(table V1) provides the same conclusions for head-
ache relief. Eletriptan 80mg is superior to suma-
triptan 100mg, and naratriptan 2.5mg isinferior to
this dose of sumatriptan, whereas the other recom-
mended oral doses of the second generation trip-
tans are comparable to sumatriptan 100mg. No
comparative trial with frovatriptan has been pub-

0 Adis International Limited. All rights reserved.

lished so far. Apart from efficacy, headache relief
after 2 hours, speed of onset of action (a feature
highly valued by the patientsi20¢l), and recurrence
or secondary treatment failure have been investi-
gated in a few comparative trials. Thus, patients
treated with rizatriptan 10mg are slightly more (15
to 26%) likely to achieve headache relief within 2
hours than patients treated with sumatriptan 50 or
100mgl116.117] or zolmitriptan 2.5mg.!1%9 Patients
treated with naratriptan 2.5mg had, in most studies,
fewer recurrences than those treated with suma-
triptan 100mg (table V1).

Finally, how do the triptans compare with non-
triptan drugs? Relatively few comparative trials,
some of them unpublished, have been performed
(table VII). Ora sumatriptan 100mg and oral ele-
triptan 40 and 80mg were superior to the widely
used oral ergotamine 2mg/caffeine 200mg. Oral
sumatriptan 100mg was marginally better than or
comparable to the combination of metoclopramide
and aspirin, tolfenamic acid or diclofenac potas-
sium. Subcutaneous sumatriptan was superior to
intranasal dihydroergotamine and intravenous ly-
sine acetylsalicylate, and comparable to subcuta-
neous dihydroergotamine. Intranasal sumatriptan
was superior to intranasal dihydroergotamine, and
rectal sumatriptan was marginally inferior to rectal
ergotamine. Thereis clearly aneed for more com-
parative trials with the second generation triptans
and current non-triptan drugs to definitively estab-
lish the place of triptans in migraine therapy.
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