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The triptans, selective serotonin 5-HT1B/1D agonists, are very effective acute migraine

drugs. Soon, seven different triptans will be clinically available at 13 different oral doses,

making evidence-based selection guidelines necessary. Triptan trials have similar

designs, facilitating meta-analysis. We wished to provide an evidence-based foundation

for using triptans in clinical practice, and to review the methodological issues

surrounding triptan trials.

We asked pharmaceutical companies and the principal investigators of company-

independent trials for the ‘raw patient data’ of all double-blind, randomized, controlled,

clinical trials with oral triptans in migraine. All data were cross-checked with published

or presented data. We calculated summary estimates across studies for important

efficacy and tolerability parameters, and compared these with those from direct, head-

to-head, comparator trials.

Out of 76 eligible clinical trials, 53 (12 not yet published) involving 24 089 patients met

the criteria for inclusion. Mean results (and 95% confidence intervals) for sumatriptan

100 mg, the first available and most widely prescribed oral triptan, are 59% (57–60) for

2 h headache response (improvement from moderate or severe to mild or no pain); 29%

(27–30) for 2 h pain free (improvement to no pain); 20% (18–21) for sustained pain free

(pain free by 2 h and no headache recurrence or use of rescue medication 2–24 h post-

dose), and 67% (63–70) for consistency (response in at least two out of three treated

attacks); placebo-subtracted proportions for patients with at least one adverse event (AE)

are 13% (8–18), for at least one central nervous system AE 6% (3–9), and for at least one

chest AE 1.9% (1.0–2.7).

Compared with these data: rizatriptan 10 mg shows better efficacy and consistency,

and similar tolerability; eletriptan 80 mg shows better efficacy, similar consistency, but

lower tolerability; almotriptan 12.5 mg shows similar efficacy at 2 h but better sustained

pain-free response, consistency, and tolerability; sumatriptan 25 mg, naratriptan 2.5 mg

and eletriptan 20 mg show lower efficacy and better tolerability; zolmitriptan 2.5 mg and

5 mg, eletriptan 40 mg, and rizatriptan 5 mg show very similar results.

The results of the 22 trials that directly compared triptans show the same overall

pattern. We received no data on frovatriptan, but publicly available data suggest

substantially lower efficacy. The major methodological issues involve the choice of the

primary endpoint, consistency over multiple attacks, how to evaluate headache

recurrence, use of placebo-subtracted proportions to control for across-study differences,

and the difference between tolerability and safety. In addition, there are a number of

methodological issues specific for direct comparator trials, including encapsulation and

patient selection.

At marketed doses, all oral triptans are effective and well tolerated. Differences among

them are in general relatively small, but clinically relevant for individual patients.

Rizatriptan 10 mg, eletriptan 80 mg and almotriptan 12.5 mg provide the highest
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likelihood of consistent success. Sumatriptan features the longest clinical experience and

the widest range of formulations. All triptans are contra-indicated in the presence of

cardiovascular disease. u Triptans, migraine, serotonin agonists, treatment, metaanalysis,

clinical trials
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Introduction

Migraine is a common, multifactorial neurovascular

disorder, typically presenting as recurrent disabling

attacks of moderate to severe headache, nausea, vomit-

ing, photophobia and phonophobia, and, in up to one-

third of patients, neurological aura symptoms (1). For

over 80 years, ergotamine and dihydroergotamine have

been the most widely prescribed specific acute treat-

ments for migraine attacks. However, their use in clinical

practice is complicated by the high affinity for a wide

range of different receptors, unpredictable absorption

and metabolism, very limited evidence for efficacy,

poorly justified dose recommendations, and potent and

sustained generalized and coronary vasoconstrictor

effects; the use of ergot derivatives is precluded in the

presence of cardiovascular disease (2).

Improved understanding of the neurobiology of

migraine and 5-HT (serotonin; 5-hydroxytryptamine)

receptors has been facilitated by the development of

the novel class of selective 5-HT1B/1D agonists, known

as the triptans (3). These compounds have three putative

main mechanisms of anti-migraine action, which are

probably primarily mediated via 5-HT1B/1D receptor

agonist activity: cranial vasoconstriction (4), peripheral

neuronal inhibition (5), and inhibition of transmission

through second order neurones of the trigeminocervical

complex (6). The relative importance of each of these

mechanisms remains uncertain (7). In comparison with

ergots, triptans have several distinct advantages. These

include selective pharmacology, simple and consistent

pharmacokinetics, evidence-based prescribing instruc-

tions, high efficacy, modest side-effects, and a well-

established safety record (8). They are, however, like

ergot derivatives, also contraindicated in the presence

of cardiovascular disease. Despite the higher price,

triptans are preferred over ergots in the majority of

patients (2, 9). They are now the leading class of

prescription migraine medications in many Western

Countries.

Given that seven different triptans, five different

formulations, and at least 13 oral doses will soon be

clinically available, physicians need evidence-based

guidelines to select the triptans and doses with the

highest likelihood of success. Direct active comparator

trials are available for only a few triptans and it is

unlikely that they will ever all be compared. Moreover,

although head-to-head comparator trials are considered

the gold standard for comparing drugs, there are also

some important pitfalls, which may complicate the

interpretation and generalization of such studies (see

below). The clinical trials with triptans are very similar

in study design, entry criteria, patient populations, and

outcome measurements (10, 11). Meta-analysis of

triptan trials is thus feasible and may provide a useful

summary of the efficacy and tolerability of the different

triptans across studies. Previous triptan meta-analyses

were based on summary data from published trials

only, and only analysed a few outcome parameters and

summary measures, no adverse events, and a limited

number of agents and doses (12, 13).

During migraine attacks, the oral absorption of many

drugs is delayed (14), favouring non-oral routes of

administration. Most patients, however, prefer oral

formulations (15) and these formulations account for

>80% of all triptan prescriptions (H. Mansbach,

GlaxoSmithKline Ltd; personal communication). We

shall therefore concentrate on the oral formulations.

Sumatriptan is also available in parenteral formulations;

these will be discussed.

Here we review the detailed results of a large meta-

analysis based on the complete data sets (‘raw data’ of

24 089 patients) of all 53 eligible, randomized, controlled

clinical trials (including 12 not yet published studies)

involving six of the seven oral triptans that will soon be

available. For the seventh triptan, frovatriptan, only

summary data presented in congress abstracts could

be used. Important efficacy and tolerability (adverse

events) parameters were evaluated for all recommended

doses in a meta-analysis of all placebo-controlled trials

and then contrasted with a separate meta-analysis of 22

direct active comparator trials. Both approaches have

complementary strengths and limitations, which will

be considered in the discussion. Some main results
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from the efficacy analysis have been published else-

where (16), and are recounted here for completeness.

Given the importance of triptan use in clinical practice,

we have devoted considerable attention here to the

methodological details of the meta-analysis and clinical

trials included; these have not been covered in depth in

our previous account. We further included several

additional results on efficacy and tolerability. First, we

review the main pharmacokinetic differences between

the seven triptans and discuss some important issues

and pitfalls in the clinical evaluation of acute migraine

trials. We then cover the clinical results from the

meta-analysis.

Pharmacokinetic differences of the triptans

The major pharmacokinetic characteristics of the oral

triptans are summarized in Table 2. Drug plasma

half-lives (T1/2) range from 2 to 25 h; frovatriptan,

naratriptan, and eletriptan have the longest T1/2. A long

T1/2 was once thought to predict a longer duration of

action and lower recurrence rate, although the avail-

able data suggest that this may not be correct (17, 18).

Indeed, frovatriptan with the longest T1/2 has no

demonstrable recurrence benefit over sumatriptan

(see below).

Short time to peak plasma levels (Tmax) is likely to be

associated with rapid onset of action. Tmax reflects both

the absorption and first-pass metabolism, but inter-

pretation is not always straightforward. First, some

triptans, such as sumatriptan and zolmitriptan, show

double peaks, with a second peak only slightly higher

but significantly later than the first. As a result, the Tmax

(to the second peak) may not reflect the rise within

the first hour (i.e. primarily time to the first peak).

Second, because absorption may be delayed during

attacks, only Tmax values during attacks are clinically

informative. Claims based on studies conducted out-

side attacks or in healthy volunteers are potentially

misleading. During attacks, rizatriptan shows the short-

est Tmax (1 h) of all triptans; for the other triptans ictal

Tmax ranges from 2 h to 4 h. No ictal values are available

for naratriptan.

Compared with sumatriptan all new triptans, parti-

cularly almotriptan and naratriptan, show significantly

higher oral bioavailability. This may predict a more

consistent efficacy over multiple attacks.

If central sites of action are important, migraine

compounds that achieve high CNS levels should have

an advantage in efficacy, possibly coupled to a higher

risk of CNS adverse events. High lipophilicity, and

therefore the potential to cross the blood–brain barrier,

and low affinity for the P-glycoprotein pump in the

blood–brain barrier, which actively removes compounds

from the brain (19, 20), should optimize brain penetra-

tion. However, higher relative lipophilicity combined

with being a substrate for the P-glycoprotein pump,

such as is the case with eletriptan, makes predictions

of efficacy and side-effects complex. Moreover, given

clinical data from other indications where sumatriptan

has been used (21), the degree of brain access by all

triptans is unclear.

With respect to drug metabolism, naratriptan is the

least metabolized, and therefore most likely to be free

of clinically significant drug interactions on a meta-

bolic basis. Sumatriptan is metabolized by monoamine

oxidase (MAO) and thus relatively contraindicated

when MAO inhibitors are used. The rare use of MAO

inhibitors makes this issue minor and in practice the

interaction relatively minor (22). Similarly, there is a

theoretical risk of the serotonin syndrome (23) with

coexistent use of specific serotonin re-uptake inhibitors

(SSRIs), such as fluoxetine (24) and triptans. This

syndrome is extraordinarily rare despite widespread

co-administration; the risk is increased when triptans

are misused. Rizatriptan is metabolized by MAO-A and

has a minor active metabolite N10-monodesmethyl riza-

triptan. The metabolism of rizatriptan is affected by

propranolol because one of its metabolites competes

with rizatriptan for MAO-A. This MAO-A interaction is

due to the dimethyl-amino side chain on rizatriptan,

a chemical feature shared by sumatriptan and zolmi-

triptan. As a result, rizatriptan levels are elevated in

some patients taking propranolol and a reduction of

the primary dose from 10 mg to 5 mg is recommended

in these patients. Other b-blockers, such as metoprolol,

do not share this route of metabolism and do not affect

Table 1 The triptans (5-HT1B/1D receptor agonists)

Triptan

Recommended

oral doses (mg) Company

In clinical use (year)

Sumatriptan (1991) 25; 50; 100 GlaxoSK{
Zolmitriptan (1997) 2.5; 5 AstraZeneca

Naratriptan (1997) 2.5 GlaxoSK{
Rizatriptan (1998) 5; 10 Merck

Almotriptan (2000) 12.5 Almirall-Prodesfarma

Approved for registration

Eletriptan (2000) 20; 40; 80 Pfizer

Frovatriptan (2000) Unknown Vernalis

In development

Donitriptan{ Unknown Pierre-Fabre

Development ceased

Alniditan Janssen-Cilag

Avitriptan BristolMyersSquibb

BMS 181885 BristolMyersSquibb

{Previously GlaxoWellcome.
{F11356 (63).
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rizatriptan. Zolmitriptan is metabolized in the liver by

cytochrome P450 (CYP1A2) (25), to an active metabolite

N-desmethyl-zolmitriptan (183C91) and an inactive

N-oxide and indole acetic acid, although some mono-

amine oxidase metabolism is also involved (26). The

latter becomes important in the presence of propranolol

at zolmitriptan doses of 15 mg/day, which is, however,

not a clinically used dose (27).

Clinical evaluation and pitfalls in acute
migraine trials

Endpoints (Table 3)

In most triptan trials, patients were instructed to treat

a migraine headache when pain is moderate or severe

on a 4-point pain severity scale (0=no pain; 1=mild;

Table 2 Comparison of some pharmacokinetic characteristics of triptans*

Sumatriptan

(64)

Almotriptan

(65)

Eletriptan Frovatriptan{
(66, 67)

Naratriptan Rizatriptan

(68, 69)

Zolmitriptan

T1/2 (h) 2 3.5 5 (70) 25 5–6.3 (71) 2 3 (72)

Tmax (h)

Out 2.0 2–3 1.4–1.8 (74) 3 2–3 (71) 1 1.8–2.5

In 2.5 2–3 (73) 2.8 3 – 1 4 (75)

Oral bioavailability (%) 14 69 50 (74) 24–30 63–74 (76) 40 40 (27)

Metabolism/excretion

(main route)

MAO P450/MAO P450

(CYP3A4)

Renal 50% Renal 70%/P450 (76) MAO P450/MAO (27)

Log DpH 7.4 (77) x1.3 +0.35 +0.5 x0.2 x0.7 x0.7

*Doses selected based on Table 1.
{VML251 or SB209509.
Smaller font implies a less important route of elimination.

Table 3 Definitions of clinical outcome measures used in the present review

Headache pain intensity scale

A 4-point pain scale where: 0=no pain; 1=mild; 2=moderate; 3=severe headache.

Relief

Any reduction in headache severity, irrespective of the degree of improvement. Note: in older studies relief is sometimes used as

a synonym for response.

Response rate at 2 or 4 h

The proportion of patients whose moderate or severe headache at baseline improves to mild or no pain at 2 h or 4 h post-dose

(response at 2 h is the traditional primary efficacy endpoint in triptan migraine trials).

Pain-free rate at 2 or 4 h

The proportion of patients whose moderate or severe headache at baseline improves to no pain at 2 h or 4 h (pain-free at 2 h is

now the recommended primary efficacy endpoint in acute migraine trials).

Headache recurrence rate (or relapse)

The proportion of patients with headache response at 2 h who experience a return (or relapse) of moderate or severe headache

in the subsequent 22 h (note: use of analgesics 2–24 h post-dose is not considered).

Sustained pain-free rate

The proportion of patients who were pain free by 2 h and who did not experience a recurrence of moderate or severe headache and

did not use any analgesic or other headache medication over the subsequent 22 h post-dose.

Adverse event (AE)

Any undesirable medical experience, or unfavourable change, occurring in a subject during a clinical trial, whether or not related to

the study drug.

Patients with any AE

Patients reporting at least one AE, irrespective of the nature or severity.

Patients with any chest AE

Patients reporting at least one chest symptom, defined as chest pressure, chest pain, radiating pain in arm, other chest feelings,

heavy arms, shortness of breath, palpitations, and anxiety.

Patients with any CNS AE

Patients reporting at least one CNS symptom, defined as asthenia, abnormal dreams, agitation, aphasia, ataxia, confusion,

dizziness, somnolence, speech disorder, thinking abnormal, tremor, vertigo, and other focal neurological symptoms, and

irrespective of whether or not this was regarded to be part of the (resolving) migraine attack.

636 MD Ferrari et al.
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2=moderate; 3=severe pain) and within 6–8 h of onset

of the headache (10). The primary endpoint usually was

the proportion of patients with a headache response

(i.e. improvement from moderate or severe pain at

baseline to mild or no pain 2 h post-dose). More recently,

the proportion of patients who become pain-free 2 h

post-dose has become the preferred primary endpoint.

Pain free is intuitive, robust, less sensitivity to placebo

effect, and produces better dose–effect relationships

(11, 15). In addition, patients rate rapid onset and com-

plete relief of pain as among the most important attri-

butes of migraine treatment; these measure are more

predictive of satisfaction with treatment and improve-

ment in health-related quality of life (15, 28). Some

publications present 4 h headache response rates only

(29, 30), but this may create a false impression of efficacy

due to the self-limiting nature ofmigraine attacks (31, 32).

It also seems questionable to delay rescue medication

beyond 2 h. Changes in the associated symptoms and

functional disability are correlated with the reduction

in pain and therefore are only secondary endpoints.

Tolerability and safety are evaluated by reporting of

adverse events (AEs) and routine blood, urine tests, and

ECG. The important difference between tolerability and

safety is discussed below.

Headache recurrence and sustained pain free

In some responders, the headache may return within

24 h of initial relief (= headache recurrence or relapse)

requiring re-dosing (17, 32, 33). This is inconvenient to

the patient, expensive, and may lead to medication

overuse and medication-overuse headaches (34–36).

Simple comparison of recurrence rates (as proportion

of responders), without accounting for differences in

initial relief rates and use of rescue medications, may

be misleading. When comparing two drugs, the more

effective drug will presumably relieve attacks that

would not have responded to the less effective drug.

On average, the responders to the more effective drug

have headaches that are more difficult to treat than the

responders to the less effective drug; they may also be

more susceptible to headache recurrence (16, 32, 37). We

therefore recommend the use of sustained pain free, a

composite measure that is defined as the proportion of

patients who are pain free by 2 h post-dose and who

do not experience a recurrence of moderate or severe

headache and who do not use any rescue headache

medication 2–24 h post-dose (16, 32, 37; Table 3). Sus-

tained pain free is easy to explain to patient and

physician as ‘the proportion of patients who require

only a single dose to abort their attack by 2 h and for at

least 24 h’. It captures the central elements of what

patients say they want from treatment (15) and captures

the factors that predict satisfaction with treatment and

health-related quality of life (28). It is sometimes also

called ‘complete response’ (38), but this can be a con-

fusing term as many interpret it as complete freedom

from all symptoms without any implication of main-

tenance of relief (39). Although sustained pain free is

the ideal efficacy endpoint (15), it is also the hardest

to achieve and it may be unrealistic to expect high

sustained pain-free rates with the current drugs (32).

Consistency

Most acute migraine trials study only one attack per

patient. Because migraine is a chronic disorder with

recurrent attacks, patients value highly a predictable,

consistent efficacy over many attacks (intra-patient

consistency); consistency of response increases the

patients’ confidence and satisfaction with treatment

(15, 28). Demonstration of intra-patient consistency of

efficacy over multiple attacks is therefore highly desir-

able. Ideally, such trials should be conducted in

unselected patients, and include at least random

insertion of placebo for one attack. Results should be

presented as proportion of patients with relief in at least

two or three out of three of four actively treated attacks.

So far placebo-controlled consistency trials have studied

efficacy in at most three attacks. Some publications

report the responder rates for each study attack (40–43),

which reflects reproducibility of the population response

over multiple attacks rather than intra-patient consis-

tency. Long-term open-label extension trials selectively

include responders, lack placebo control and usually

report population, not intra-patient consistency. Con-

sistency data from such trials must be interpreted

cautiously.

Head-to-head active comparator trials

These are considered the gold standard for comparing

drugs, but there are some important caveats. These

studies must include samples that are representative of

the population of interest and must be large enough

to detect clinically meaningful differences. When

patients are included with previous experience with

one of the active comparator drugs, the results should

preferably be presented separately for experienced and

non-experienced patients. This is to avoid possible bias

caused by selection of patients dissatisfied with one

of the agents. Such information is, however, rarely

available. Another issue might arise when matching

placebo tablets are not available. Encapsulation of

either or both study drugs and placebo-control may

then be used. However, when encapsulation affects

drug absorption (44), the results may be influenced.
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Pharmacokinetic studies showing bioequivalence (45),

notably for the pharmacokinetic profile, including the

rise of drug plasma concentration in the first hour,

and similar response rates as have usually been obtained

with the standard formulation, are required to

ensure that an encapsulated treatment is identical to

the marketed product. Dissolution studies in vitro are

insufficient.

Placebo

Medical Ethics Committees are increasingly resistant to

the inclusion of placebo arms in acute migraine trials,

although their inclusion is scientifically desirable. Relief

rates may vary widely depending on the randomization

ratio to placebo. In an active comparator trial with a 1 : 16

chance for participants to get placebo, two drugs

previously shown to be highly effective failed to achieve

superiority due to the very high placebo response (46).

Placebo rates may also differ markedly between

continents even within the same study design (47, 48).

AEs may occur in >30% of migraine patients after

placebo. Thus, migraine trials should ideally include

adequate placebo control to allow for a historical

comparison and extrapolation of the results; to deter-

mine the least effective dose; and to evaluate correctly

the incidence of AEs. As long as rescue medication is

offered no later than 2 h after initial treatment, this

approach is considered ethical.

Meta-analysis of oral triptan trials

Procedure

We approached all six pharmaceutical companies that

currently market or intend to market a triptan (Table 1).

We sent a standard letter explaining the objectives

of the study and asked for the ‘raw patient data’ (patient

numbers per item) of all randomized controlled trials

involving their compound. Five companies (see

Acknowledgements) kindly provided virtually all the

requested data of both published and, as yet, unpub-

lished trials on a total of six triptans. Vanguard (now

Vernalis) declined to disclose any of the raw data on

frovatriptan; we therefore used data from publicly

available sources (congress presentations and abstracts).

Some summary data were published after the current

analysis was completed (49). Where possible, we cross-

checked all data with published or presented data. In

addition, we conducted a systematic review of the

(English) literature for triptan trials that were not

company-sponsored, and approached the principal

investigators with the same request. The companies

that provided data were informed about the exact

procedures of the meta-analyses. They received the

results of the analyses, for their compound only,

2 months prior to the planned submission of the

manuscript, with the request that they check the data

for accuracy; there were no comments or objections

from the companies. We did not provide our interpreta-

tions of the data. The database was closed 1 November

2000.

Studies and data included

For inclusion in the meta-analysis, the following

standard criteria had to be met: (i) randomized,

double-blind, controlled (placebo or active comparator)

clinical trial; (ii) treatment of moderate or severe

migraine attacks within 8 h of onset, in migraineurs

(18–65 years of age) defined according to the Interna-

tional Headache Society (IHS) criteria (50); (iii) treat-

ment with an oral triptan at a recommended clinical

dose; and (iv) measurement of the headache on the four-

point pain scale (10). If 2-h efficacy results were not

available, studies were only included in the AE analysis.

These strict criteria were designed to ensure methodo-

logical quality and uniformity. We identified and

assessed in total 76 clinical trials. Of these, 53 met the

eligibility criteria and are summarized in Table 4. Table 5

summarizes the 23 studies that were excluded and the

reasons for exclusion; the most common reasons for

exclusion were lack of a control group, use of non-

recommended drug doses, or selected study populations

(e.g. adolescents).

Data from placebo-controlled trials, those both with

and without an active comparator, were combined in the

meta-analysis (per patient only the first study attack).

Data from direct active comparator trials were also

analysed separately. For rizatriptan, two oral formula-

tions are available: traditional tablets and soluble wafers.

As the study designs were identical and formulation did

not influence results, we combined them.

Statistical analysis

Differences in all endpoints between triptans and

placebo were assessed with random effect models as

proposed by DerSimonian and Laird (51). Random effect

models incorporate potential heterogeneity of the end-

points among different studies by assuming that each

study estimates a unique endpoint (52). Homogeneity

of observed endpoints was assessed using x2 tests of

independence (53). Because of the relatively low power

of tests to detect heterogeneity, we used a very con-

servative a of 0.1 instead of 0.05, thus increasing the

likelihood of detecting heterogeneity by reducing
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the threshold for statistical significance. The results for

these tests are summarized for placebo-subtracted data

in Table 6.

Homogeneity was very good for pain-free, clinically

the most relevant and most robust outcome measure.

Here, heterogeneity was only found for some of the

‘secondary doses’.

Figure 1 presents a funnel plot of the individual study

estimates (for the ‘main doses’ only) for pain-free,

visualizing the excellent homogeneity of the individual

study estimates. For eletriptan 80 mg there was hetero-

geneity, but this actually caused a conservative bias

(the summary estimate from the random effect model

was lower than when calculated with a fixed effects

model, thus decreasing the difference from the reference

dose). For the other two endpoints there were hetero-

geneities for some of the doses, which were usually

caused by one outlying study. Re-analysis of the data

after exclusion of such an outlier, however, never

resulted in a significant change of the differences

between the summary estimates for the various drugs

and doses: previously statistically significant differences

remained, as did previously non-significant differences.

When between-studies variance is zero, the study is

homogeneous for that triptan dose and endpoint, a

random effect model is identical to a fixed effect model.

Therefore, random effect models were used for all

endpoints. Differences between treatment regimes are

presented as means with 95% confidence intervals (CI).

The study designs and eligibility criteria are remark-

ably similar across the triptan trials. However, even

small differences in these factors may influence com-

parisons of treatment effects across studies. Although

Table 5 Excluded trials for efficacy analysis

Trials Reference Reason for exclusion

Sumatriptan (109) Not the recommended dose/no control group

(110) Not the recommended dose

(111) Interim analysis of trial S2BT03

(112) No first attack data available

(33) Treatment of recurrence

(113) No 2 h efficacy data available

(114) Treatment of recurrence

(115) Previously published (80)

(116) No placebo or active comparison (three doses suma)

(117) No placebo or active comparison (s.c. to oral)

(118) No placebo or active comparison (s.c. to oral)

(119) No placebo or active comparison (open 50 mg suma)

(120) Other treatment group (children <18 years)

(121) Other treatment group (menstrual migraine)

(122) 2nd dose allowed within 2 h of randomization

(123) Response scored on a visual analogue scale

Zolmitriptan (124) No placebo or active comparison

(125) No placebo or active comparison

(126) No placebo or active comparison

(127) No placebo or active comparison

Naratriptan S2WB3011 (unpublished) Other population (patients with high recurrence rates)

Eletriptan (105) (unpublished) Other population (adolescents <18 years)

Almotriptan (128) Not the recommended dose used

Table 6 Homogeneity of placebo-subtracted data

Drug and dose Response 2 h Pain free 2 h

Any adverse

event

Suma 25 Homo Homo Homo

Suma 50 Hetero Hetero Hetero

Suma 100 Hetero Homo Hetero

Zolmi 2.5 Homo Homo Hetero

Zolmi 5 Hetero Hetero Hetero

Nara 2.5 Homo Homo Homo

Riza 5 Hetero Homo Homo

Riza 10 Hetero Homo Homo

Ele 20 Homo Homo Hetero

Ele 40 Hetero Hetero Homo

Ele 80 Hetero Hetero Hetero

Almo 12.5 Hetero Homo Homo

Note that there was a conservative cut-off point for hetero-
geneity (P<0.1).
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such differences will not affect the internal validity of

controlled trials (because active drug is compared with a

control), they may influence comparisons of treatment

effects across studies in a meta-analysis. Three strategies

are generally recommended for controlling those

influences: (i) the risk or rate ratio (i.e. divide for each

individual study the response to the active drug by the

placebo response); (ii) the placebo-subtracted propor-

tion or therapeutic gain (i.e. subtract for each individual

study the placebo response from the response to the

active drug); and (iii) the number needed to treat (NNT),

which is the reciprocal of the therapeutic gain. Using

the rate ratio approach assumes that the relationship

between active drug and placebo is multiplicative;

the placebo-subtraction and NNT approaches assume

an additive relationship. The additive model is more

intuitive for most clinicians. The multiplicative model

has at least two disadvantages. First, the commonly used

statistical models overestimate the prevalence ratios

when the ‘rare disease assumption’ is violated as it

is in migraine. In addition, as placebo rates increase

(approaching 50%) themaximum ratio is limited (only 2).

We analysed the data by using all three strategies as

well as by comparing the absolute values. Results were

similar using all four methods. The homogeneities for

the outcome measures were virtually identical for both

the multiplicative and additive models. Because most

clinicians in headache (12) and pain (54) management

are familiar with placebo-subtracted rates (or NNT), we

elected to present the additive model for comparing the

efficacy measures. Likewise, subtracting the placebo AE

rate from the active drug AE rate can help to correct the

differences in the methods of collection and definitions

of AEs among studies (therapeutic harm).

A similar pattern for the differences in treatment

effects between the active agents when using absolute

proportions and when using placebo-subtracted propor-

tions increases the confidence in the validity of the

results. We therefore present data both ways. There are

tables for both the efficacy data and the adverse event

data in the Appendix.

Results

Reference dose for oral sumatriptan

World-wide, there are two primary oral doses for

sumatriptan: 100 mg in most European countries and

50 mg in North America and some other countries.

In a head-to-head study, the two doses did not differ

(55). For simplicity, we selected the 100 mg dose as

the single reference dose, based on the following

advantages over the 50 mg dose: (i) 100 mg was the

initially developed dose, thus far more clinical trials and

patient data are available, resulting in tighter CIs; (ii)

there is a better consistency over time and across trials

for the usual primary efficacy endpoint, response at 2 h

(16); (iii) consistency rates for response are higher (see

Fig. 4); (iv) many patients in Europe starting with 50 mg

end up with 100 mg; and (v) in a patient preference

trial, patients preferred the 100 mg dose over the 50 mg

dose (56).

Headache response at 2 h

Headache response at 2 h is the primary per protocol

endpoint in nearly all triptan trials. The mean absolute

and placebo-subtracted rates (95% CIs) are depicted

in Fig. 2a. Compared with sumatriptan 100 mg

(mean=59%; 95% CI 57–60), rizatriptan 10 mg and

eletriptan 80 mg show higher, and naratriptan 2.5 mg,

eletriptan 20 mg, and frovatriptan 2.5 mg (data from

–10

Sumatriptan 100mg
Homogeneous

0 10 20 30 40 50

Pain free at 2h – Placebo subtracted

Zolmitriptan 2.5mg
Homogeneous

Naratriptan 2.5mg
Homogeneous

Rizatriptan 10mg
Homogeneous

Eletriptan 80mg
Heterogeneous

Almotriptan 12.5mg
Homogeneous

Figure 1 Funnel plot of the individual study estimates (and
95% confidence intervals) for the placebo-subtracted pain-free
data as well as the summary estimates for all trials per drug as
calculated by using a random effect model (for the ‘main doses’
per drug only). Note that only eletriptan 80 mg showed
heterogeneity, but that this is actually causing a conservative
bias.
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abstracts only) inferior response rates. Zolmitriptan

2.5 mg is just better, while sumatriptan 50 mg,

zolmitriptan 5 mg, and rizatriptan 5 mg just miss

significance. There are no differences for the other

doses and drugs. Placebo-subtracted values show

wider CIs and overlap between most triptans (mean

for sumatriptan 100 mg = 29%; 95% CI 26–34). A

significant positive difference persists for eletriptan

80 mg (mean=42%; 95% CI 36–48) and a negative

difference for frovatriptan (mean=17%; 95% CI 13–20).

Pain free at 2 h

Although the pain-free response is currently the primary

endpoint recommended by the IHS Clinical Trial

Committee, it was a secondary endpoint in most trials.

Data are depicted in Fig. 2b. Compared with suma-

triptan 100 mg (mean=29%; 95% CI 27–30), sumatriptan

25 mg, naratriptan 2.5 mg and eletriptan 20 mg show

lower absolute pain-free rates, whereas eletriptan 80 mg,

almotriptan 12.5 mg, and rizatriptan 10 mg show

higher values. The other triptans and doses do not

differ from sumatriptan 100 mg. Placebo-subtracted

values (mean for sumatriptan 100 mg =19%; 95% CI

17–22) are significantly higher for rizatriptan 10 mg and

eletriptan 80 mg.

Recurrence and sustained pain free

These are depicted in Fig. 3a, b. Compared with suma-

triptan 100 mg (mean=30%; 95% CI 27–33), recurrence

rates are lower for eletriptan 40 and 80 mg, and

higher for rizatriptan 5 and 10 mg. Naratriptan 2.5 mg

appears to show a lower recurrence rate, but this is based

on 4 h rather than on 2-h response rates and therefore

not directly comparable. Other recurrence rates overlap.

Note that isolated comparison of recurrence rates may be

misleading and that comparison of sustained pain-free

rates is preferred. These were calculated, post hoc, for

those trials where the following raw data were available:

pain free at 2 h, headache recurrence and use of

analgesics 2–24 h post-dose. Use of analgesics 2–24 h

post-dose was not assessed in some trials and recurrence

was sometimes based on 4-h rather than on 2-h response

Sumatriptan

0 20 40 60 80

Placebo-subtracted

Zolmitriptan

Naratriptan

Rizatriptan

Eletriptan

Almotriptan

Absolute (%)

Response at 2h

50mg

25mg

100mg

2.5mg

5mg

2.5mg

5mg

10mg

20mg

40mg

80mg

12.5mg

2.5mgFrovatriptan
(abstracts)

(a)

Sumatriptan

0 10 30 40 50

Placebo-subtracted

Zolmitriptan

Naratriptan

Rizatriptan

Eletriptan

Almotriptan

Absolute (%)

Pain free at 2h

50mg

25mg

100mg

2.5mg

5mg

2.5mg

5mg

10mg

20mg

40mg

80mg

12.5mg

(b)

20

Figure 2 Data (mean and 95% confidence intervals) for headache response at 2 h (a) and pain free at 2 h (b) are shown for each
triptan. Absolute and placebo subtracted outcomes are presented with the hatched region being the 95% confidence interval
envelope for sumatriptan 100 mg.
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data requiring reanalysis of the data (29, 30, 55).

Compared with sumatriptan 100 mg (mean=20%; 95%

CI 18–21), sustained pain-free rates are higher for

rizatriptan 10 mg, eletriptan 80 mg, and almotriptan

12.5 mg, and lower for eletriptan 20 mg. Sumatriptan

25 mg and naratriptan 2.5 mg tend to show lower

values, while no differences were found for the other

triptans. The interpretation of recurrence after a

response following placebo is unclear, so no placebo-

subtracted sustained pain-free rates have been calcu-

lated. These rates would have been predictably very

small and associated with wide confidence intervals

resulting in a low power to detect differences. Patients

with sustained pain free could still have had a recurrence

of mild headache, but as this did not prompt the use

of rescue medication (by definition), the recurrence was

unlikely to be clinically significant.

Intra-patient consistency

Placebo-controlled intra-patient consistency of efficacy

over multiple attacks was investigated in only a few

studies. No such studies are available for sumatriptan

25 and 50 mg, zolmitriptan 2.5 and 5 mg, and rizatriptan

5 mg, although data have been presented for zolmi-

triptan 2.5 mg in the context of a comparison with

zolmitriptan nasal spray (57). Results are depicted in

Fig. 4. All drugs (except rizatriptan 10 mg; see below)

were tested in a parallel-group design, treating three

consecutive attacks with either active or placebo. These

studies show that consistent lack of response is rare:

response in at least one of three treated attacks occurs in

79–89% of patients (placebo approximately 50%) and

pain free in 51–59% (placebo 18%). Response in at least

two of three treated attacks occurs in 47–72% of patients

(placebo 17–33%) and pain free in 14–42% (placebo

3–13%); highest consistency rates are for sumatriptan

100 mg and almotriptan 12.5 mg (but here placebo rates

are also highest); lowest rates are for naratriptan 2.5 mg

and sumatriptan 25 mg. Response in all three attacks

occurs in 16–47% of patients (placebo up to 9%) and pain

free in 1–17% (placebo<2%); highest consistency rates

are for sumatriptan 100 mg and almotriptan 12.5 mg

(with highest placebo rates).

The consistency of rizatriptan 10 mg was evaluated in

a novel double-blind, randomized, cross-over design

Sumatriptan

0 10 30 40 50

Recurrence of headache 2–24h

Zolmitriptan

Naratriptan

Rizatriptan

Eletriptan

Almotriptan

50mg

25mg
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(a)

20

2–24h

4–24h

Sumatriptan
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Sustained pain free
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Rizatriptan

Eletriptan

Almotriptan
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(b)

20

Figure 3 Data (mean and 95% confidence intervals) for headache recurrence from 2 h to 24 h (a) and sustained pain free (b) are
presented with the hatched region being the 95% confidence interval envelope for sumatriptan 100 mg. For naratriptan the
recurrence rate is given for the time period 4–24 h post-dose (as presented in the original publications) and for 2–24 h
post-dose (after recalculating the data).
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over four attacks, with placebo in one attack interspersed

at random in four of five patient groups; the fifth group

received rizatriptan 10 mg for four attacks (42). The

different design complicates the comparison with the

other consistency rates, although it seems unlikely that

it would have increased consistency. Consistency rates

over three attacks are the highest of all triptans: response

(and pain-free) rates are 96% (77%) in at least one of

three, 86% (48%) in at least two of three and 60% (20%)

in all three actively treated attacks (58). In the subgroup

of 125 patients who treated three consecutive attacks

with rizatriptan, without prior exposure to placebo, the

100%

0%

50%

Response in 3 out of 3 attacks

S25 S50 S100 N2.5 R10 E20 E40 E80 A12.5

100%

0%

50%

Response in 2 out of 3 attacks

S25 S50 S100 N2.5 R10 E20 E40 E80 A12.5

100%

0%

50%

Response in 1 out of 3 attacks

S25 S50 S100 N2.5 R10 E20 E40 E80 A12.5

100%

0%

50%

Pain free in 3 out of 3 attacks

S25 S50 S100 N2.5 R10 E20 E40 E80 A12.5

100%

0%

50%

Pain free in 2 out of 3 attacks

S25 S50 S100 N2.5 R10 E20 E40 E80 A12.5

100%

0%

50%

Pain free in 1 out of 3 attacks

S25 S50 S100 N2.5 R10 E20 E40 E80 A12.5

N.A. N.A. N.A. N.A.

Figure 4 Consistency results. Headache response and pain free at 2 h in at least one out of three attacks, at least two out of three,
and three out of three attacks for each of the triptans. Data are presented as group result and 95% confidence intervals. For each
agent the white bar indicates the consistency rate for placebo. For rizatriptan this could not be calculated due to the different
staggered placebo design (see text). (N.A. indicates not available.)
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results were very similar: response (and pain-free) rates

were 87% (42%) in at least two of three and 50% (16%) in

all three attacks.

Consistency of the efficacy with sumatriptan 25 and

50 mg was also tested in two parallel-group trials vs. an

active comparator, but without placebo; consistency

with zolmitriptan 2.5 and 5 mg was only tested in active

comparator trials without placebo. In these active

comparator trials with sumatriptan and zolmitriptan,

the consistency rates for response (and pain free) were

88–90% (47–59%) in at least one out of three, 65–71%

(18–32%) in at least two out of three, and 29–43%

(4–15%) in three out of three attacks. The consistency

rates of both zolmitriptan doses are slightly higher than

those of sumatriptan 25 mg, and similar to those of

sumatriptan 50 mg. Compared with the consistency

rates in the placebo-controlled trials, the response rates

for sumatriptan 25 and 50 mg were 13–16% higher. No

such difference was observed for pain free.

Tolerability

AEs with triptans are relatively frequent, but usually

mild and short-lived. The most frequent ‘typical triptan

AEs’ include tingling, paraesthesias, and warm sensa-

tions in the head, neck, chest, and limbs; less frequent

are dizziness, flushing, and neck pain or stiffness. Of

more relevance are the much rarer ‘central nervous sys-

tem (CNS) AEs’ (asthenia, abnormal dreams, agitation,

aphasia, ataxia, confusion, dizziness, somnolence, speech

disorder, thinking abnormal, tremor, vertigo, and other

focal neurological symptoms) and notably the ‘chest-

related AEs’ (chest pressure, chest pain, radiating pain

in arm, other chest feelings, heavy arms, shortness of

breath, palpitations, and anxiety).

Differences among studies in the methods of collect-

ing AEs and in their definitions complicate comparisons.

In the early sumatriptan studies AEs were collected

retrospectively without diary cards. In the zolmitriptan

trials AEs were collected for 24 h post-dose and not

thereafter. Almirall-Prodesfarma and Pfizer did not

provide us with any methodological information except

that in the eletriptan studies CNS AEs do not include

asthenia and fatigue. The latter is also the case in the

rizatriptan studies.

Figure 5a–c depicts the placebo-subtracted propor-

tions of patients with: (i) at least one AE (any AE),

Sumatriptan

–20 0 40

Any AE
placebo-subtracted

Zolmitriptan

Naratriptan

Rizatriptan

Eletriptan

Almotriptan

50mg

25mg

100mg

2.5mg

5mg

2.5mg

5mg

10mg

20mg

40mg

80mg

12.5mg

(a)

20–10 10 30

Sumatriptan

–20 0 40

CNS AEs
placebo-subtracted

Zolmitriptan

Naratriptan

Rizatriptan

Eletriptan

Almotriptan

50mg

25mg

100mg

2.5mg

5mg

2.5mg

5mg

10mg

20mg

40mg

80mg

12.5mg

(b)

20–10 10 30

Figure 5 Placebo subtracted adverse event (AE) data (mean and 95% confidence interval) for each triptan for any AE (a), central
nervous system (CNS) AE (b), and chest AE (c). The hatched region is the 95% confidence interval envelope for sumatriptan 100 mg.
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irrespective of their nature and intensity, and irrespec-

tive of whether or not the study physician judged the

AE to be drug-related; (ii) at least one ‘chest AE’; and

(iii) at least one ‘CNS AE’. Values greater than zero

indicate that AEs occur in more patients for active

drug than for placebo; values with narrow 95% CIs

which do not cross the zero line indicate placebo-like

incidences.

Sumatriptan 100 mg had a mean placebo-subtracted

rate of any AEs of 13% (95% CI 8–18). Rates for other

triptans overlap, except for lower values for naratriptan

2.5 mg and almotriptan 12.5 mg; these rates also do not

differ from placebo (95% CI is narrow and crosses the

zero difference line). Some other AE rates also cross the

zero line but the associated 95% CIs are wide. Within

compounds, there are clear trends for increasing AE

incidences with increasing doses. A similar pattern

emerges when only AEs are included which were

(blindly) considered by the trial investigator as drug-

related; both almotriptan 12.5 mg and naratriptan

2.5 mg, however, still demonstrate the lowest AE rates

(data not shown).

CNS AE rates largely overlap with those of suma-

triptan 100 mg (mean=6%; 95% CI 3–9), except for

higher values for eletriptan 80 mg and lower values for

almotriptan (also not different from zero). Some other

AE rates also are not different from zero but with wide

95% CIs and overlap with sumatriptan.

For Chest AEs, compared with sumatriptan 100 mg

(mean=1.9%; 95% CI 1.0–2.7) almotriptan 12.5 mg

has the lowest incidence of ‘chest symptoms’ which

is also not different from zero. All other incidences

overlap. The incidences for sumatriptan 25 mg, nara-

triptan 2.5 mg, rizatriptan 5 mg ( just), and eletriptan

20 mg and 40 mg do not differ from zero but with

wide CIs.

Results for placebo and sumatriptan by company

Consistent differences in designs, populations, and

definitions and methods of collecting for AEs among

the studies conducted by the different companies might

have influenced the meta-analytic comparisons and even

head-to-head comparisons of drugs. To identify such

differences, we compared the results for placebo and

sumatriptan by company as internal standards (Fig. 6).

These results may differ from those in Figs 2, 3 and 4, as

these reflect the overall results.

The average placebo rates (and 95% CI) are 29%

(28–31) for headache response, 8% (7–9) for pain free, 6%

(5.0–6.4) for sustained pain free, and 27% (25–28) for

any AE. Almirall-Prodesfarma-conducted almotriptan

studies show the highest placebo rates for efficacy and

the lowest for any AE; Pfizer-conducted eletriptan

studies show the lowest placebo rates for efficacy and

the highest for any AE. The other placebo rates are

remarkably consistent across companies.

For sumatriptan 100 mg, the average rates (and 95%

CI) are 59% (57–61) for headache response, 29% (27–31)

for pain free, 20% (18–21) for sustained pain free,

and 39% (37–41) for any AEs. The efficacy rates are

remarkably consistent across companies except for sub-

stantially lower pain-free and sustained pain-free rates

in the Pfizer-conducted eletriptan-sumatriptan com-

parator studies. In these studies sumatriptan 100 mg

performed less well than in studies conducted by

other companies. As sumatriptan was encapsulated

in these trials for blinding purposes, comparison of

the pharmacokinetic profiles of the encapsulated

and non-encapsulated normal tablets of sumatriptan

could shed some light on this under-performance (44),

although perhaps not provide the entire explanation.

The AE rates vary markedly among the company-

sponsored studies: AE rates are highest in the

MSD-conducted rizatriptan and AstraZeneca-conducted

zolmitriptan programmes, while AE rates are lowest

in the Almirall-Prodesfarma-conducted almotriptan and

GlaxoWellcome-conducted sumatriptan studies.
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–5 0 7.5

Chest symptoms
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Rizatriptan
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Figure 5 (Continued)
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Direct comparator trials

Table 7 summarizes all 22 eligible trials which compared

one triptan with another, or with ergotamine, by listing

the main efficacy and AE differences (and 95% CI)

between the two indicated compounds; the primary

study endpoints and appropriate statistics are indicated

with grey boxes. As most comparisons were with

sumatriptan, most trials are listed under this drug: a

positive difference indicates superiority of sumatriptan,

a negative difference indicates inferiority.

Differences are generally small, as to be expected

when comparing active compounds, but the overall

pattern is similar to that in the meta-analysis. Compared

Placebo, any AE
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Zolmi Nara Riza Ele Almo All

Sumatriptan 100mg, any AE
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Zolmi Nara Riza Ele Almo All
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Suma
0

10

20

30

40

50

Zolmi Nara Riza Ele Almo All

Sumatriptan 100mg, sustained pain free
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Placebo, pain free 2h
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0
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Figure 6 Placebo and sumatriptan 100 mg outcomes (mean and 95% CI) in GlaxoWellcome-conducted sumatriptan studies (suma),
AstraZeneca-conducted zolmitriptan studies (zolmi), GlaxoWellcome-conducted naratriptan studies (nara), MSD-conducted
rizatriptan studies (riza), Pfizer-conducted eletriptan studies (ele), Almirall-conducted almotriptan studies (almo) and overall (all).
Outcomes for headache response and pain free at 2 h, sustained pain free, and adverse events (AEs) are plotted separately.
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with sumatriptan 100 mg: Cafergot 2 mg shows lower

efficacy but fewer CNS AEs; zolmitriptan 5 mg shows no

differences; naratriptan 2.5 mg shows lower efficacy at

4 h (only when the results of two studies are combined)

and fewer AEs; rizatriptan 10 mg is superior in one of

two studies for both the primary study endpoint (time

to response) and pain free, and for pain free in the

combined results; eletriptan 40 mg is superior in one

of two studies as well as in the combined results;

eletriptan 80 mg is superior in both of two studies for

all parameters, but also causes more AEs (note that

sumatriptan 100 mg under-performs for pain free in

these studies compared with other trials); finally,

almotriptan 12.5 mg is no different on the efficacy

endpoints, but causes fewer AEs.

Compared with sumatriptan 50 mg: zolmitriptan

2.5 mg is just superior on the primary study endpoint

(response over six attacks) in one of two studies, but on

none of the other standard parameters; zolmitriptan

5 mg is no different on all parameters; rizatriptan 5 mg

is no different in three studies, except for slightly more

AEs; rizatriptan 10 mg is superior on the primary study

endpoint (time to response) in one of two studies, but on

none of the other parameters; eletriptan 40 mg is supe-

rior in one of two studies and on the combined results,

but also causes more AEs; eletriptan 80 mg is superior in

two studies on all parameters, but also causes more AEs.

Compared with sumatriptan 25 mg: zolmitriptan

2.5 mg and 5 mg (on all parameters), rizatriptan 5 mg

and 10 mg (on most parameters in two studies),

and eletriptan 80 mg (all parameters) are superior;

zolmitriptan 5 mg and eletriptan 80 mg also cause

more AEs; eletriptan 40 mg is no different for efficacy

but causes more CNS AEs.

There are also a few trials in which triptans are

compared with specific anti-migraine treatments other

than sumatriptan. Zolmitriptan 2.5 mg has similar

efficacy to naratriptan 2.5 mg at 4 h (no 2-h data

available), but causes more AEs. Rizatriptan 10 mg is

superior to zolmitriptan 2.5 mg on the primary endpoint

(time to pain free), but only after exclusion of patients

who relapsed within 2 h (balanced in both treatment

groups), and causes fewer AEs. Rizatriptan 10 mg is

superior to naratriptan 2.5 mg on all parameters but also

causes more AEs. Eletriptan 40 and 80 mg are superior

to Cafergot 2 mg on all parameters.

Discussion

We used two complementary approaches for comparing

the efficacy and tolerability of the oral triptans: a large

meta-analysis of all the eligible, high-quality, rando-

mized, placebo-controlled clinical trials, and a separate

analysis of all direct comparative studies. Both
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approaches give very similar results. The meta-analysis

uses studies of a fundamentally similar design so that

summary estimates of the efficacy and tolerability of the

full range of compounds can be derived. By using

placebo-subtracted measures one can partially adjust for

the methodological differences among studies, which

may influence the results. The great strength of

randomized head-to-head comparator trials is their

internal validity. However, factors such as patient

selection, study size, and encapsulation of a drug may

limit the generalizibility of the results into clinical

practice. Furthermore, it is unlikely that triptans will

ever all be compared. The remarkable similarity of the

results from the meta-analysis of the placebo-controlled

trials (both for the absolute and placebo-subtracted

rates, and active/placebo ratios, i.e. using the multi-

plicity model) and from the direct head-to-head

comparator studies, reinforces our confidence in the

overall interpretation of the relative merits of the oral

triptans.

Tolerability refers to medically unimportant but

clinically irritating and often relatively frequent AEs,

whilst safety refers to medically significant, and usually

rare, side-effects. Safety can thus usually only be reliably

assessed after large-scale and long-term clinical expo-

sure. Although less so than with the ergots (2, 9), the

main concern with all triptans has been their potential

of coronary vasoconstriction (59). Given the now very

substantial well-documented total human exposure to

triptans over the past decade, there have been very few

reports of clinically significant myocardial ischaemia,

and invariably in patients with cardiovascular disease

or risk factors (8). Thus, in appropriately selected

patients, the triptans are very safe. As there are no clini-

cally significant differences in coronary vasoconstriction

effects, no triptan is demonstrably safer than the others.

Concerns about cardiovascular safety have been exacer-

bated by the occurrence of non-cardiac chest symptoms

that sometimes resemble pectoral angina (60). The usual

underlying mechanism is not myocardial ischaemia;

other mechanisms such as oesophageal spasm are much

more likely (32, 61). When patients are warned about

these events, they rarely cause problems (60).

Tolerability was assessed by calculating the propor-

tions of patients with at least one AE, irrespective of

their number, nature or intensity. Thus, as trivial and

significant AEs were pooled, differences in total AE rates

must be interpreted cautiously. In addition, slight

differences among the company-sponsored studies in

the study populations and methods of collecting AEs

and their definitions may complicate the comparison of

tolerabilities even further. This is reflected in the dif-

ferences in any AE rates for placebo and sumatriptan by

company (Fig. 6). The most remarkable outlier here

is the very low AE rate in the Almirall-Prodesfarma-

conducted almotriptan studies. This might indicate

that their study population had a higher threshold for

reporting AEs.

In their marketed doses, all the oral triptans are

substantially superior to placebo. Consistent lack of

response is rare, as the great majority of patients will

have a response in at least one of three treated attacks.

Differences among the triptans may seem relatively

small but are clinically relevant for the individual

patient. Depending on the effect parameter, success

rates were 10–38% higher with some of the newer

triptans compared with those with the reference dose

(see below: Which triptan to select). Sumatriptan was

the first clinically available triptan; it has the longest

clinical experience and is the most widely prescribed

oral triptan. Table 8 compares the main clinical charac-

teristics of the new oral triptans with those of oral

sumatriptan 100 mg, based on the present meta-analysis

and the direct comparator studies (Table 7). Three com-

pounds show favourable results: rizatriptan 10 mg

(better efficacy and consistency; similar tolerability),

eletriptan 80 mg (better efficacy, but slightly more AEs),

and almotriptan 12.5 mg (better sustained pain free, con-

sistency, and notably tolerability). There are, however,

three potential caveats that deserve further discussion.

The higher rates for consistency with rizatriptan

should be interpreted with some caution because of

the different study designs (cross-over with placebo

interspersed at random in the rizatriptan study

compared with a parallel design for the other triptans).

The main difference here was the risk for the patients of

Table 8 Comparison of the main efficacy and tolerability
measures for the oral triptans vs. sumatriptan 100 mg (based
on the results of the present meta-analysis in Figs 1–6 and the
direct comparator trials listed in Table 7 )

Initial 2 h

relief

Sustained

pain free

Consis-

tency

Toler-

ability

Sumatriptan 50 mg = = =/x =
Sumatriptan 25 mg x =/x x +
Zolmitriptan 2.5 mg = = = =
Zolmitriptan 5 mg = = = =
Naratriptan 2.5 mg x x x ++
Rizatriptan 5 mg = = = =
Rizatriptan 10 mg + + +(+) =
Eletriptan 20 mg x x x =
Eletriptan 40 mg =/+ =/+ = =
Eletriptan 80 mg +(+) + = x
Almotriptan 12.5 mg = + + ++

=, No difference when compared with sumatriptan; +, better
when compared with sumatriptan; x, inferior when compared
with sumatriptan.
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getting placebo: 80% chance to get placebo in one of four

treated attacks in the rizatriptan study compared with

50% chance of getting placebo in all three treated attacks

in the consistency studies with the other triptans. This

difference might have influenced the outcome, although

the direction is difficult to predict. We feel, however,

that it is unlikely that the difference in study designs

has had a major influence on the results. This is

supported by the finding that in the subgroup of

125 patients who treated three consecutive attacks

with rizatriptan, without prior exposure to placebo

(i.e. in the same way as in a parallel design study), the

results were virtually the same as those obtained in

the overall study population.

In the almotriptan trials placebo efficacy is high and

placebo and sumatriptan AE rates are very low (Fig. 6).

This suggests that the patients in these studies were

more therapy-responsive and had a higher threshold

to report AEs; however, almotriptan retained its

tolerability advantage in a head-to-head study with

sumatriptan 100 mg (Table 7).

In the direct comparator trials vs. eletriptan, suma-

triptan 100 mgwas encapsulated (for blinding purposes)

and under-performed for pain free compared with

other trials. In a direct comparison of sumatriptan and

encapsulated sumatriptan, the early absorption of the

encapsulated form was delayed but the open label 2-h

response was equivalent to the normal sumatriptan (44).

For the other compounds, differences are minor and

sometimes favour sumatriptan 100 mg. Sumatriptan

50 mg, zolmitriptan 2.5 and 5 mg, rizatriptan 5 mg,

and eletriptan 40 mg have efficacy and tolerability

profiles very similar to sumatriptan 100 mg. Sumatrip-

tan 25 mg, naratriptan 2.5 mg and eletriptan 20 mg

have inferior efficacy, but better tolerability.

Frovatriptan is not discussed because the sponsor

declined to provide the relevant data and published

clinical trials are not available. Based on congress pre-

sentations, the estimated results are well below those

of the other triptans: 41% (therapeutic gain 20%) for

headache response and 12% (therapeutic gain 9%) for

pain free. Recurrence rates are comparatively low, but

the clinical significance is limited by the low initial relief

rates, the modest patient numbers, and the wide CIs;

in a direct comparative study, recurrence rates for

frovatriptan (25%) and sumatriptan 100 mg (32%) were

not significantly different. Sustained pain-free data

could not be calculated. AE rates seem very similar to

those of other triptans. A claim for a higher degree of

cardiovascular safety has been based on the 5-HT7-

mediated coronary vasodilator effects of frovatriptan

and on a safety study in 75 migraine patients with

cardiovascular disease, or risk factors, or both (Interna-

tional Headache Research Seminar, Copenhagen, 3–5

November 2000). This study failed to show a difference

in cardiovascular event rates between frovatriptan and

placebo. It should be noted, however, that this safety

study was severely underpowered: the post hoc power

was only 8% to detect any significant difference and at

least 1000 patients would have been required for an 80%

power. Thus, in the absence of published evidence and

extensive clinical experience, and taking into account

that the 5-HT7-mediated coronary vasodilator effects

only occur at doses well above those recommended for

clinical use, a claim that frovatriptan has a higher degree

of cardiovascular safety is unsustainable and potentially

hazardous.

Which triptan to select?

Patients’ characteristics and preferences vary, and

individual responses to a triptan cannot be predicted.

As a consequence, optimizing therapy involves trial-

and-error; if the first triptan is not successful one may

successfully switch to another. This approach has,

however, not yet been tested in controlled trials.

Physicians thus need more than one triptan in their

repertoire to treat migraine patients optimally. Differ-

ences among the oral triptans at optimal doses may seem

relatively small, but are clinically relevant for individual

patients, i.e. provide clinically relevantly higher likeli-

hood of success. For example, compared with suma-

triptan 100 mg, rizatriptan 10 mg provides clinically

significantly higher rates for response (60% for suma-

triptan vs. 70% vs. rizatriptan =+17% relative improve-

ment), pain free (29% vs. 40% =+38%) and sustained

pain free (20% vs. 25% =+25%). Similarly, eletriptan

80 mg provides clinically significantly higher rates for

response (60% vs. 66% =+10%) and sustained pain

free (20% vs. 25%=+25%). Finally, almotriptan 12.5 mg

provides clinically significantly higher rates for pain

free (29% vs. 36% =+24%) and sustained pain free

(20% vs. 26% =+30%) and a clinically significantly

lower risk of AEs (33% for sumatriptan vs. 14% for

almotriptan =x57%), although this latter advantage

may have been exaggerated by the inclusion of dif-

ferent study populations (see above). The present

analysis thus offers an indication as to which of the

oral triptans are associated with the highest likelihood

of success. Rizatriptan 10 mg (especially when con-

sistent and rapid freedom from pain is desired),

eletriptan 80 mg (especially when high efficacy and

low recurrence are favoured over tolerability) and

almotriptan 12.5 mg (especially when high tolerability

and good efficacy are favoured) offer the highest

likelihood of success. The lower doses of these agents

(rizatriptan 5 mg; eletriptan 40 mg) may be good

starting doses in many patients. Sumatriptan 100 mg
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and 50 mg provide good efficacy and tolerability and

have by far the longest clinical experience. Sumatriptan

also, and uniquely, offers rectal, nasal, and subcutaneous

formulations, allowing tailor-made treatments for

individual patients. Subcutaneous sumatriptan (6 mg)

clearly is the most effective acute treatment for migraine

attacks (response=76% and pain free=48% at 1 h

post-dose), but is also associated with more intense

AEs and the need of self-injection (62). Naratriptan

2.5 mg offers very good tolerability coupled to a

slower onset of improvement; this can be useful in

patients with mild or moderate migraine. Zolmitriptan

2.5 mg and 5 mg are good alternatives in many

patients; they offer no specific advantages or flaws.

Frovatriptan cannot be fully judged in view of the

lack of data but does not seem to offer any particular

advantage.

Acknowledgements

The authors thank the following pharmaceutical companies and
persons for providing data and for patiently answering all related
questions: GlaxoWellcome now GlaxoSmithKline (sumatriptan
and naratriptan): Diane J. Boswell, Scott B. McNeal, Gayla P.
Putman, Jane Saiers, Reijo Salonen; AstraZeneca (zolmitriptan):
David Lee, James Sawyer, Andrew A.M. Stone; Merck Sharp &
Dohme (rizatriptan): Christopher Lines, Eric Sandquist; Pfizer
(eletriptan): Scott Haugie, Neville Jackson, Phil Poole, John A.
Schalhoub; Almirall (almotriptan): Xavier Carabarrocas, Pau
Ferrer, Jose Palacios. We are also grateful to Ton de Craen
(Department of Clinical Epidemiology, LUMC) and Douglas C
McCrory (Center for Clinical Health Policy Research, Duke
University Medical Center, Durham, NC, USA) for statistical and
methodological advice. The work of P.J.G. is supported by the
Migraine Trust and the Wellcome Trust. P.J.G. is a Wellcome
Senior Research Fellow.

Conflict of interest

Drs Ferrari, Goadsby and Lipton are consultants to, and have
received travel and grant supports from all the pharmaceutical
companies involved in the manufacturing and marketing of the
drugs discussed in the present paper. They, like Dr Roon, do not
hold any equity, stock, or shares in the discussed pharmaceutical
industries, nor in any competing company. The salaries of the
authors are all fully covered by their employers.

References

1 Goadsby PJ, Lipton RB, Ferrari MD. Migraine: current

understanding and management. New England J Med 2002;

346:257–70.

2 Tfelt-Hansen P, Saxena PR, Dahlof C, Pascual J, Lainez M,

Henry P et al. Ergotamine in the acute treatment of

migraine—a review and European consensus. Brain 2000;

123:9–18.

3 Goadsby PJ. The pharmacology of headache. Prog Neurobiol

2000; 62:509–25.

4 Humphrey PPA, Feniuk W, Perren MJ, Beresford IJM,

Skingle M, Whalley ET. Serotonin and migraine. Ann NY

Acad Sci 1990; 600:587–98.

5 Moskowitz MA, Cutrer FM. Sumatriptan: a receptor-targeted

treatment for migraine. Annu Rev Med 1993; 44:145–54.

6 Goadsby PJ. The pathophysiology of headache. In:

Silberstein SD, Lipton RB, Solomon S, editors. Wolff’s head-

ache and other head pain, 7th edn. Oxford: Oxford University

Press, 2001:57–72.

7 Humphrey PPA, Goadsby PJ. Controversies in headache. The

mode of action of sumatriptan is vascular? A debate.

Cephalalgia 1994; 14:401–10.

8 Welch KMA, Mathew NT, Stone P, Rosamond W, Saiers J,

Gutterman D. Tolerability of sumatriptan: clinical trials and

post-marketing experience. Cephalalgia 2000; 20:687–94.

9 Quality Standards Subcommittee of the American Academy

of Neurology. Practice parameter: appropriate use of ergo-

tamine tartrate and dihydroergotamine in the treatment of

migraine and status migrainosus. Neurology 1995; 45:585–7.

10 Pilgrim AJ. Methodology of clinical trials of sumatriptan

in migraine and cluster headache. Eur Neurol 1991; 31:295–9.

11 Tfelt-Hansen P, Block G, Dahlof C, Diener H-C, Ferrari MD,

Goadsby PJ et al. Guidelines for controlled trials of drugs in

migraine: second edition. Cephalalgia 2000; 20:765–86.

12 Tfelt-Hansen P. Efficacy and adverse events of subcutaneous,

oral, and intranasal sumatriptan used for migraine treatment:

a systematic review based on number needed to treat.

Cephalalgia 1998; 18:532–8.

13 Tfelt-Hansen P. A comparative review of pharmacology,

pharmacokinetics and efficacy of triptans in migraine.

Drugs 2000; 6:1259–87.

14 Volans GN. Absorption of effervescent aspirin during

migraine. Br Med J 1974; 2:265–9.

15 Lipton RB, Stewart WF. Acute migraine therapy: do doctors

understand what patients with migraine want from therapy?

Headache 1999; 39 (Suppl. 2):S20–S26.

16 Ferrari MD, Roon KI, Lipton RB, Goadsby PJ. Triptans

(Serotonin, 5-HT1B/1D agonists) in acute migraine treat-

ment—a meta-analysis of 53 trials. Lancet 2001; 358:1668–75.

17 Visser WH, Jaspers NM, de Vriend RH, Ferrari MD. Risk

factors for headache recurrence after sumatriptan: a study in

366 migraine patients. Cephalalgia 1996; 16:264–9.

18 Visser WH, Burggraaf J, Muller LM, Schoemaker RC,

Fowler PA, Cohen AF et al. Pharmacokinetic and phar-

macodynamic profiles of sumatriptan in migraine patients

with headache recurrence or no response. Clin Pharmacol

Therapeutics 1996; 60:452–60.

19 Tatsuta T, Naito M, Oh-Hara T, Sugawara I, Tsuruo T.

Functional involvement of P-glycoprotein in blood–brain

barrier. J Biol Chem 1992; 267:20383–91.

20 Cordon-Cardo C, O’Brien JP, Casals D, Rittman-Grauer L,

Biedler JL, Melamed MR et al. Multidrug-resistance gene

(P-glycoprotein) is expressed by endothelial cells at

blood–brain barrier sites. Proc Natl Acad Sci USA 1989;

86:695–8.

21 Stern L, Zohar J, Cohen R, Sasson Y. Treatment of

severe, drug resistant obsessive compulsive disorder with

the 5HT1D agonist sumatriptan. Eur Neuropsychopharmacol

1998; 8:325–8.

22 Diamond S. The use of sumatriptan in patients on monoamine

oxidase inhibitors. Neurology 1995; 45:1039–40.

654 MD Ferrari et al.

# Blackwell Science Ltd Cephalalgia, 2002, 22, 633–658



23 Brown TM, Skop BP, Mareth TR. Pathophysiology and

management of the serotonin syndrome. Ann Pharmacother

1996; 30:527–33.

24 Mathew NT, Tiejen GE, Lucker C. Serotonin syndrome

complicating migraine pharmacotherapy. Cephalalgia 1996;

16:323–7.

25 Wild MJ, McKillop D, Butters CJ. Determination of the human

cytochrome P450 isoforms involved in the metabolism of

zolmitriptan. Xenobiotica 1999; 29:847–57.

26 Seaber E, On N, Dixon RM, Gibbens M, Leavens WJ,

Liptrot J et al. The absolute bioavailability and metabolic

disposition of the novel antimigraine compound zolmitriptan

(311C90). Br J Clin Pharmacol 1997; 43:579–87.

27 Palmer KJ, Spencer CM. Zolmitriptan. CNS Drugs 1997;

7:468–78.

28 Davies GM, Santanello NC, Lipton RB. Determinants of

patient satisfaction with migraine therapy. Cephalalgia 2000;

20:554–60.

29 Mathew NT, Asgharnejad M, Peykamian M, Laurenza A.

Naratriptan is effective and well tolerated in the acute

treatment of migraine. Neurology 1997; 49:1485–90.

30 Klassen A, Elkind A, Asgharnejad M, Webster C,

Laurenza A. Naratriptan is effective and well tolerated in

the acute treatment of migraine. Results of a double-blind,

placebo-controlled, parallel group study. Headache 1997;

37:640–5.

31 Jhee SS, Salazar DE, Ford NF, Fulmor IE, Sramek JJ, Cutler NR.

Monitoring of acute migraine attacks: placebo response and

safety data. Headache 1998; 38:35–8.

32 Ferrari MD. Migraine. Lancet 1998; 351:1043–51.

33 Ferrari MD, James MH, Bates D, Pilgrim A, Ashford E,

Anderson BA et al. Oral sumatriptan: effect of a second dose,

and incidence and treatment of headache recurrence.

Cephalalgia 1994; 14:330–8.

34 Kaube H, May A, Diener HC, Pfaffenrath V. Suma-

triptan misuse in daily chronic headache. Br Med J 1994;

308:1573–4.

35 Catarci T, Lenzi GL, Cerbo R, Fieschi C. Sumatriptan and daily

headache. J Neurol, Neurosurg Psychiatry 1995; 58:508.

36 Limmroth V, Kazarawa S, Fritsche G, Diener HC. Headache

after frequent use of new serotonin agonists zolmitriptan and

naratriptan. Lancet 1999; 353:378.

37 Ferrari MD. How to assess and compare drugs in the

management of migraine: success rates in terms of response

and recurrence. Cephalalgia 1999; 19 (Suppl. 23):2–8.

38 International Headache Society Committee on Clinical Trials

in Migraine. Guidelines for controlled trials of drugs in

migraine. Cephalalgia 1991; 11:1–12.

39 Goldstein DJ, Offen WW, Lipton RB. Effect of different end-

points on placebo response in acute migraine. Cephalalgia

1999; 19:366.

40 International 311C90 Long-term Study Group. The long-term

tolerability and efficacy of oral zolmitriptan (Zomig, 311C90)

in the acute treatment of migraine. An international study.

Headache 1998; 38:173–83.

41 Block GA, Goldstein J, Polis A, Reines SA, Smith ME, The

Rizatriptan Multicenter Study Groups. Efficacy and safety of

rizatriptan versus standard care during long-term treatment

for migraine. Headache 1998; 38:764–71.

42 Kramer MS, Matzura-Wolfe D, Polis A, Getson A,

Amaraneni PG, Solbach MP et al. A placebo-controlled

crossover study of rizatriptan in the treatment of multiple

migraine attacks. Neurology 1998; 51:773–81.

43 Mathew NT, Oral Almotriptan Study Group. A long-term

open-label study of oral almotriptan 12.5 mg for the treatment

of acute migraine. Headache 2002; 42:32–40.

44 Fuseau E, Petricoul O, Sabin A, Pereira A, O’Quinn S, Thein S

et al. Effects of encapsulation on absorption of sumatriptan

tablets: data from healthy volunteers and patients during a

migraine. Clin Therapeutics 2001; 23:242–51.

45 Goadsby PJ, Ferrari MD, Stovner LJ, Senard JM, Jackson NC,

Poole PH. Eletriptan in acute migraine: a double-blind,

placebo-controlled comparison to sumatriptan—Reply.

Neurology 2000; 55:736.

46 Diener H-C, Dowson AJ, Ferrari M, Nappi G, Tfelt-Hansen P,

The Study Group. Unbalanced randomization influences

placebo response: scientific versus ethical issues around

the use of placebo in migraine trials. Cephalalgia 1999;

19:699–700.

47 Visser WH, Terwindt GM, Reines SA, Jang K, Lines CR,

Ferrari MD. Rizatriptan vs sumatriptan in the acute treatment

of migraine. A placebo-controlled dose-ranging study. Arch

Neurol 1996; 53:1132–7.

48 Teall J, TuchmanM, Cutler N, GrossM,Willoughby E, Smith B

et al. Rizatriptan (MAXALT) for the acute treatment of

migraine and migraine recurrence. A placebo-controlled,

outpatient study. Headache 1998; 38:281–7.

49 Dahlof CGH, Dodick D, Dowson AJ, Pascual J. How does

almotriptan compare with other triptans? A review of

data from placebo-controlled clinical trials. Headache 2002;

42:99–113.

50 Headache Classification Committee of The International

Headache Society. Classification and diagnostic criteria for

headache disorders, cranial neuralgias and facial pain.

Cephalalgia 1988; 8 (Suppl. 7):1–96.

51 DerSimonian R, Laird N. Meta-analysis in clinical trials.

Controlled Clin Trials 1986; 7:177–88.

52 Raudenbush SW. Random effect models. In: Cooper H,

Hedges LV, editors. The handbook of research synthesis.

New York: Russell Sage Foundation, 1994:301–21.

53 Whitehead A, Whitehead JA. General parametric approach to

the meta-analysis of randomized clinical trials. Statistics Med

1991; 10:1665–77.

54 McQuay HJ, Moore RA. Using numerical results from

systematic reviews in clinical practice. Ann Intern Med

1997; 126:712–20.

55 Pfaffenrath V, Cunin G, Sjonell G, Prendergast S. Efficacy

and safety of sumatriptan tablets (25 mg, 50 mg, and 100 mg)

in the acute treatment of migraine; defining the optimum

doses of oral sumatriptan. Headache 1998; 38:184–90.

56 Dahlof C, Fabri M, Loftus J, Jones M, Mansbach H, Scott A.

Triptan efficacy and preference: results of a randomized,

multi-centre, open-label, crossover study of sumatriptan,

naratriptan, rizatriptan, and zolmitriptan tablets in acute

treatment of migraine. Cephalalgia 2001; 21:410.

57 Dowson AJ, Boes-Hansen S, Farkkila AM. Zolmitriptan nasal

spray is fast-acting and highly effective in the acute treatment

of migraine. Eur J Neurol 2000; 7 (Suppl. 3):82.

58 Dahlof CGH, Lipton RB, McCarroll KA, Kramer MS,

Lines CR, Ferrari MD. Within-patient consistency of res-

ponse of rizatriptan for treating migraine. Neurology 2000;

55:1511–6.

Triptans in migraine 655

# Blackwell Science Ltd Cephalalgia, 2002, 22, 633–658



59 MaassenVanDenBrink A, Reekers M, Bax WA, Ferrari MD,

Saxena PR. Coronary side-effect potential of current and

prospective antimigraine drugs. Circulation 1998; 98:25–30.

60 Ottervanger JP, Valkenburg HA, Grobbee DE, Stricker BHC.

Characteristics and determinants of sumatriptan-associated

chest pain. Arch Neurol 1997; 54:1387–92.

61 Lance JW, Goadsby PJ. Mechanism and management of

headache, 6th edn. London: Butterworth-Heinemann, 1998.

62 Ferrari MD, The Subcutaneous Sumatriptan International

Study Group. Treatment of migraine attacks with sumatrip-

tan. New Engl J Med 1991; 325:316–21.

63 John GW, Perez M, Pawels PJ, Le Grand B, Verscheure Y,

Colpaert FC. Donitriptan, a unique high efficacy 5-HT1B/1D

agonist: key features and acute antimigraine potential. CNS

Drug Reviews 2000; 6:278–89.

64 Plosker GL, McTavish D. Sumatriptan. A reappraisal of its

pharmacology and therapeutic efficacy in the acute treatment

of migraine and cluster headache. Drugs 1994; 47:662.

65 Cabarrocas X, Salva M. Pharmacokinetic and metabolic data

on almotriptan, a new antimigraine drug. Cephalagia 1997;

17:421.

66 Buchan P, Ward C, Zeig S. Frovatriptan pharmacokinetics

are unaffected during a migraine attack. Cephalalgia 1999;

19:365.

67 Buchan P, Keywood C, Ward C. Pharmacokinetics of

frovatriptan (VML251/SB 209509) in healthy young and

elderly male and female subjects. Cephalalgia 1998; 18:410.

68 Sciberras DG, PolvineWJ, Garez BJ, ChengM, StepanavageM,

Witteich J et al. Initial human experience with MK-462

(rizatriptan): a novel 5-HT1D agonist. Br J Clin Pharmacol

1997; 43:49–54.

69 Lee Y, Conroy A, Stepanavage ME, Mendel CM, Somers G,

McLoughlin DA. Pharmacokinetics and tolerability of oral

rizatriptan in healthy male and female volunteers. Br J Clin

Pharmacol 1999; 43:49–54.

70 Milton KA, Allen MJ, Abel S, Jenkins VC, James GC,

Rance DJ et al. The safety, tolerability, pharmacokinetics

and pharmacodynamics of oral and intravenous eletriptan, a

potent and selective ‘5HT1D-like’ receptor partial agonist.

Cephalalgia 1997; 17:44.

71 Kempsford RD, Baille P, Fuseau E. Oral naratriptan tablets

(2.5 mg–10 mg) exhibit dose-proportional pharmacokinetics.

Cephalalgia 1997; 17:408.

72 Seaber E, On N, Phillips S, Churchus R, Posner J, Rolan P. The

tolerability and pharmacokinetics of the novel antimigraine

compound 311C90 in healthy male volunteers. Br J Clin

Pharmacol 1996; 41:141–7.

73 Cabarrocas X, Jansat JM, Ferrer P, Luria X. Pharmacokinetics

of oral almotriptan during and outside migraine attacks.

Cephalalgia 2000; 20:417–8.

74 Morgan P, Rance D, James G, Mitchell R, Milton A.

Comparative absorption and elimination of eletriptan in rat,

dog and human. Cephalalgia 1997; 17:414.

75 Thomsen LL, Dixon R, Lassen LH, Gibbens M, Langemark M,

Bendtsen L et al. 311C90 (Zolmitriptan), a novel centrally

and peripheral acting oral 5-hydroxytryptamine-1D agonist:

a comparison of its absorption during a migraine attack and

in a migraine-free period. Cephalalgia 1996; 16:270–5.

76 Fuseau E, Baille P, Kempsford RD. A study to determine the

absolute oral bioavailability of naratriptan. Cephalalgia 1997;

17:417.

77 Rance D, Clear N, Dallman L, Llewellyn E, Nuttall J, Verrier H.

Physicochemical comparison of eletriptan and other 5-HT1D-

like agonists as a predictor of oral absorption potential.

Headache 1997; 37:328.

78 The Oral Sumatriptan Dose-Defining Study Group.

Sumatriptan—an oral dose-defining study. Eur Neurol 1991;

31:300–5.

79 The Oral Sumatriptan International Multiple-Dose Study

Group. Evaluation of a multiple-dose regimen of oral

sumatriptan for the acute treatment of migraine. Eur Neurol

1991; 31:306–13.

80 Nappi G, Sicuteri F, Byrne M, Roncolato M, Zerbini O. Oral

sumatriptan compared with placebo in the acute treatment of

migraine. J Neurol 1994; 241:138–44.

81 Pini LA, Sternieri E, Fabbri L, Zerbini O, Bamfi F, The Oral

Sumatriptan Italian Study Group. High efficacy and low

frequency of headache recurrence after oral sumatriptan. J Int

Med Res 1995; 23:96–105.

82 Sargent J, Kirchner JR, Davis R, Kirkhart B. Oral sumatriptan

is effective and well tolerated for the acute treatment of

migraine: results of a multicenter study. Neurology 1995; 45

(Suppl. 7):S10–S14.

83 Cutler N, Mushet GR, Davis R, Clements B, Whitcher L.

Oral sumatriptan for the long-term treatment of migraine:

evaluation of three dosage strengths. Neurology 1995;

45 (Suppl. 7):S5–S9.

84 Tfelt-Hansen P, Henry P, Mulder LJ, Scheldewaert RG,

Schoenen J, Chazot G. The effectiveness of combined oral

lysine acetylsalicylate and metoclopramide compared to oral

sumatriptan for migraine. Lancet 1995; 346:923–6.

85 Rederich G, Rapoport A, Cutler N, Hazelrigg R,

Jamerson B. Oral sumatriptan for the long-term treatment

of migraine: clinical findings. Neurology 1995; 45 (Suppl. 7):

S15–S20.

86 The Multinational Oral Sumatriptan and Cafergot Study

Group. A randomized, double-blind comparison of suma-

triptan and cafergot in the acute treatment of migraine. Eur

Neurol 1991; 31:314–22.

87 The Oral Sumatriptan and Aspirin plus Metaclopramide

Comparative Study Group. A study to compare oral suma-

triptan with oral aspirin plus metaclopramide in the acute

treatment of migraine. Eur Neurol 1992; 32:177–84.

88 Visser WH, Klein KB, Cox RC, Jones D, Ferrari M. 311C90,

a new central and peripherally acting 5HT-1D receptor agonist

in the acute oral treatment of migraine: a double-blind,

placebo-controlled dose-range finding study. Neurology 1996;

46:522–6.

89 Dahlof C, Diener HC, Goadsby PJ, Massiou H, Olesen J,

Schoenen J et al. Zolmitriptan, a 5HT1B/1D receptor agonist for

the acute oral treatment of migraine: a multicentre, dose-range

finding study. Eur J Neurol 1998; 5:535–43.

90 Rapoport AM, Ramadan NM, Adelman JU, Mathew NT,

Elkind AH, Kudrow DB et al. Optimizing the dose of

zolmitriptan (Zomig, 311C90) for the acute treatment of

migraine. Neurology 1997; 49:1210–8.

91 Solomon GD, Cady RK, Klapper JA, Earl NL, Saper JR,

Ramadan NM. Clinical efficacy and tolerability of 2.5 mg

zolmitriptan for the acute treatment of migraine. Neurology

1997; 49:1219–25.

92 Ryan RE, Diamond S, Giammarco RAM, Aurora SK,

Reed RC, Fletcher PE. Efficacy of zolmitriptan at early time

656 MD Ferrari et al.

# Blackwell Science Ltd Cephalalgia, 2002, 22, 633–658



points for acute treatment of migraine and treatment of

recurrence. CNS Drugs 2000; 13:215–26.

93 Gijsman H, Kramer MS, Sargent J, Tuchman M,

Matzura-Wolfe D, Plois A et al. Double-blind, placebo-

controlled, dose-finding study of rizatriptan (MK-462) in the

acute treatment of migraine. Cephalalgia 1997; 17:647–51.

94 Lines C, Visser WH, Vandormael K, Reines SA. Rizatriptan

5 mg versus sumatriptan 50 mg in the acute treatment of

migraine. Headache 1997; 37:319–20.

95 Tfelt-Hansen P, Teall J, Rodriguez F, Giacovazzo M, Paz J,

Malbecq W et al. Oral rizatriptan versus oral sumatriptan:

a direct comparative study in the acute treatment of

migraine. Headache 1998; 38:748–55.

96 Goldstein J, Ryan R, Jiang K, Getson A, Norman B, Block GA

et al. Crossover comparison of rizatriptan 5 mg and 10 mg vs

sumatriptan 25 mg and 50 mg in migraine. Headache 1998;

38:737–47.

97 Bomhof M, Paz J, Legg N, Allen C, Vandormael K, Patel K

et al. Comparison of rizatriptan 10 mg vs naratriptan 2.5 mg

in migraine. Eur Neurol 1999; 42:173–9.

98 Ahrens SP, Farmer MV, Williams D, Willoughby E,

Jiang K, Block GA et al. Efficacy and safety of rizatriptan

wafer for the acute treatment of migraine. Cephalalgia 1999;

19:525–30.

99 Steiner TJ, Eletriptan Steering Committee. Efficacy, safety

and tolerability of oral eletriptan (40 mg and 80 mg) in the

acute treatment of migraine: results of a phase III study.

Cephalalgia 1998; 18:385.

100 Diener H-C, Jansen J-P, Reches A, Pascual J, Pitei D,

Steiner TJ et al. Efficacy, tolerability and safety of oral

eletriptan and ergotamine plus caffeine (CafergotH) for the

acute treatment of migraine: a multicentre, randomised,

double-blind, placebo-controlled comparison. Eur Neurol

2002; 47:99–107.

101 Goadsby PJ, Ferrari MD, Olesen J, Stovner LJ, Senard JM,

Jackson NC et al. Eletriptan in acute migraine: a double-

blind, placebo-controlled comparison to sumatriptan.

Neurology 2000; 54:156–63.

102 Pryse-Phillips W, Eletriptan Steering Committee. Com-

parison of oral eletriptan (40–80mg) and oral sumatriptan

(50–100 mg) for the treatment of acute migraine: a rando-

mised, placebo-controlled trial in suamtriptan-naive patients.

Cephalalgia 1999; 19:355.

103 Fernandez FJ, Cabarrocas X, Zayas JM, Ferrer P, Luria X,

Almotriptan Dose Finding Study Group. Oral almotriptan in

the treatment of migraine. A dose finding study. Cephalalgia

1999; 19:362.

104 Cabarrocas X, Zayas JM, Suris M. Equivalent efficacy of oral

almotriptan, a new 5-HT1B/1D agonist, compared with

sumatriptan 100mg. In: 40th Annual Scientific Meeting of the

American Association for the Study of Headache; 1998 June

26–28; San Francisco. 1998:155.

105 Robert M, Cabarrocas X, Fernandez FJ, Zayas JM, Ferrer P,

Almotriptan Multiple Attack Study Group. Efficacy and

tolerability of oral almotriptan in the treatment of migraine.

Cephalalgia 1998; 18:406.

106 Ryan R, Keywood C. A preliminary study of VML251

(SB209509) a novel 5HT1B/1D agonist for the treatment of

acute migraine. Cephalalgia 1997; 17:418.

107 Goldstein J, Eklind A, Keywood C, Klapper J, Ryan R. A low

dose finding study of frovatriptan (VML 251), a potent,

selective 5-HT1B/1D agonist for the acute treatment of

migraine. Headache 1998; 38:382–3.

108 McDavis HL, Hutchison J, Frovatriptan Phase III

Investigators. Frovatriptan—a review of overall clinical

efficacy. Cephalalgia 1999; 19:363–4.

109 Doenicke A, Melchart D, Bayliss EM. Effective improve-

ment of symptoms in patients with acute migraine by

GR43175 administered in dispersible tablets. Cephalalgia

1989; 9 (Suppl. 9):89–92.

110 Banerjee M, Findlay LJ. Sumatriptan in the treatment of

acute migraine with aura. Cephalalgia 1992; 12:39–44.

111 Patten JP. Oral Sumatriptan Dose-defining Study

Group. Clinical experience with sumatriptan: a placebo-

controlled, dose-ranging study. J Neurol 1991; 238:

S62–S65.

112 Goadsby PJ, Zagami AS, Donnan GA, Symington G,

Anthony M, Bladin PF et al. A double blind placebo

controlled crossover study of sumatriptan in the treatment

of acute migraine attacks. Lancet 1991; 338:782–3.

113 Midelfart E, Winnem M. Sumatriptan in the treatment of

migraine in general practice patients [Norwegian]. Tidsskr

Nor Laegeforen 1994; 114:3430–2.

114 Rapoport A, Visser WH, Cutler NR, Alderton CJ,

Paulsgrove LA, Davis RL et al. Oral sumatriptan in

preventing headache recurrence after treatment of migraine

attacks with subcutaneous sumatriptan. Neurology 1995;

45:1505–9.

115 Centonze V, Polito MB, Di Bari M, Fabbri L, Cassiano MA,

Bassi A. Valutazione dell’efficacia di sumatriptan nella

terapia orale dell’attaccio di emicrania. Clin Ter 1995;

146:721–8.

116 The S2BM11 Study Group. Patients preference between 25, 50

and 100 mg oral doses of sumatriptan. Eur J Neurol 1996;

3 (Suppl. 3):86.

117 Gruffydd-Jones K, Hood CA, Price DB. A within-patient

comparison of subcutaneous and oral sumatriptan in the

acute treatment of migraine in general practice. Cephalalgia

1997; 17:31–6.

118 Carpay HA, Matthijsse P, Steinbuch M, Mulder PGH. Oral

and subcutaneous sumatriptan in the acute treatment of

migraine: an open randomized cross-over study. Cephalalgia

1997; 17:591–5.

119 Moore RA, Moore O, McQuay H, Gavaghan D. Deriving

dichotomous outcome measures from continuous data in

randomised controls trials of analgesics: use of pain intensity

and visual analogue scales. Pain 1997; 69:311–5.

120 Hamalainen ML, Hoppu K, Santavuori P. Sumatriptan for

migraine attacks in children: a randomized placebo-

controlled study. Neurology 1997; 48:1100–3.

121 Newman LC, Lipton RB, Lay CL, Solomon S. A pilot

study of oral sumatriptan as intermittent prophylaxis

of menstruation-related migraine. Neurology 1998; 51:

307–9.

122 Myllyla VV, Havanka H, Herrala L, Kangasniemi P,

Rautakorpi I, Turkka J et al. Tolfenamic acid rapid release

versus sumatriptan in the acute treatment of migraine:

comparable effect in a double-blind, randomized, controlled,

parallel-group study. Headache 1998; 38:201–7.

123 The Diclofenac-K/Sumatriptan Migraine Study Group.

Acute treatment of migraine attacks: efficacy and safety of

nonsteriodal anti-inflammatory drug, diclofenac-potassium,

Triptans in migraine 657

# Blackwell Science Ltd Cephalalgia, 2002, 22, 633–658



in comparison to oral sumatriptan and placebo. Cephalalgia

1999; 19:232–40.

124 Zagami AS. 311C90: long term efficacy and tolerability

profile for the acute treatment of migraine. Neurology 1997;

48 (Suppl. 3):S25–S28.

125 Mauskop A, Farkkila M, Hering-Hanit R, Rapoport A,

Warner J. Zolmitriptan is effective for the treatment of

persistent and recurrent migraine headache. Curr Med Res

Opinion 1999; 15:282–9.

126 TuchmanM, Edvinsson L, GeraudG, KorczynA,MauskopA,

Pfaffenrath V. Zolmitriptan provides consistent migraine

relief when used in the long-term. Curr Med Res Opinion

1999; 15:272–81.

127 Tepper SJ, Donnan GA, Dowson AJ, Bomhof MA, Elkind A,

Meloche J. A long-term study to maximise migraine relief

with zolmitriptan. Curr Med Res Opinion 1999; 15:254–71.

128 Cabarrocas X, Group AOS. Efficacy data on almotriptan, a

novel 5-HT1B/1D agonist. Cephalalgia 1997; 17:421.

129 Allen C, Jiang K, Malbecq W, Goadsby PJ. Time-to-

event analysis, or who gets better sooner? An emerging

concept in headache study methodology. Cephalalgia

1999; 19:552–6.

Appendix

Adverse events—placebo subtracted

Any CNS Chest

% 95% CI % 95% CI % 95% CI

Suma 25 mg 4.4 (0.1; 8.8) 1.7 (x1.2; 4.7) 0.8 (x1.0; 2.6)

Suma 50 mg 7.8 (2.6; 13.1) 3.7 (1.0; 6.4) 1.9 (0.4; 3.3)

Suma 100 mg 13.2 (8.6; 17.8) 6.3 (3.2; 9.5) 1.7 (0.8; 2.5)

Zolmi 2.5 mg 15.9 (9.6; 22.1) 9.9 (4.3; 15.5) 2.0 (0.7; 3.3)

Zolmi 5 mg 24.5 (15.5; 33.5) 11.5 (6.1; 16.8) 2.9 (1.2; 4.6)

Nara 2.5 mg 2.4 (x2.2; 7.0) 1.9 (x1.2; 5.0) 0.4 (x0.8; 1.6)

Riza 5 mg 7.9 (4.7; 11.1) 6.1 (3.2; 9.0) 0.9 (x0.04; 1.8)

Riza 10 mg 13.5 (10.6; 16.3) 9.4 (7.2; 11.6) 1.5 (0.8; 2.3)

Ele 20 mg 1.9 (x15.5; 19.3) 2.6 (x6.6; 11.7) x0.3 (x3.1; 2.6)

Ele 40 mg 7.3 (2.7; 11.8) 7.5 (4.5; 10.6) 0.9 (x0.2; 2.0)

Ele 80 mg 18.9 (11.2; 26.6) 14.6 (10.2; 19.0) 2.6 (0.6; 4.5)

Almo 12.5 mg 1.8 (x2.7; 6.2) x1.5 (x3.9; 1.0) x0.4 (x1.6; 0.8)

Response 2 h Pain free 2 h Recurrence

Sustained

pain free

Absolute TG Absolute TG Absolute Absolute

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Suma 25 mg 56.0 (53.1; 58.9) 23.6 (18.7; 28.5) 23.4 (21.0; 25.9) 14.4 (11.0; 17.8) 26.7 (22.6; 30.7) 16.7 (14.5; 18.9)

Suma 50 mg 62.7 (60.4; 65.1) 30.9 (23.9; 37.9) 28.7 (26.5; 30.9) 18.0 (11.7; 24.3) 27.8 (24.7; 30.9) 19.8 (17.8; 21.8)

Suma 100 mg 59.0 (57.3; 60.8) 29.1 (25.7; 33.7) 28.9 (27.2; 30.5) 19.5 (17.3; 21.8) 29.9 (26.9; 32.9) 20.0 (18.2; 21.3)

Zolmi 2.5 mg 63.5 (60.8; 66.2) 30.9 (26.1; 35.8) 29.1 (26.6; 31.7) 20.4 (15.6; 25.1) 30.3 (26.2; 34.4) 19.0 (16.1; 21.8)

Zolmi 5 mg 62.8 (60.0; 65.6) 33.8 (23.4; 44.2) 32.4 (29.7; 35.1) 25.2 (16.9; 33.5) 34.2 (25.6; 42.8) 21.9 (19.3; 24.6)

Nara 2.5 mg 48.6 (45.7; 51.4) 22.2 (16.9; 27.5) 22.4 (20.0; 24.7) 14.1 (10.7; 17.5) 21.4

24.0

(13.4; 29.3)

2–24 h

(20.9; 27.2)

4–24 h

15.9 (13.4; 18.5)

Riza 5 mg 62.4 (60.2; 64.5) 27.6 (23.0; 32.2) 30.5 (28.4; 32.5) 22.0 (19.5; 24.5) 39.3 (36.5; 42.2) 18.9 (17.0; 27.3)

Riza 10 mg 68.6 (66.9; 70.4) 34.6 (29.6; 39.6) 40.1 (38.3; 42.0) 30.4 (27.5; 33.2) 36.9 (34.8; 39.1) 25.3 (23.7; 26.9)

Ele 20 mg 48.9 (44.5; 53.3) 23.9 (15.3; 32.5) 16.4 (13.2; 19.7) 11.0 (7.2; 14.7) 28.4 (18.1; 38.7) 10.6 (7.7; 13.5)

Ele 40 mg 60.2 (58.0; 62.4) 35.2 (29.8; 40.7) 27.2 (25.2; 29.2) 22.5 (18.1; 26.8) 21.4 (18.8; 24.0) 20.9 (19.1; 22.7)

Ele 80 mg 65.8 (63.3; 68.3) 42.0 (35.8; 48.2) 33.0 (30.5; 35.4) 28.4 (23.5; 33.3) 19.8 (17.0; 22.7) 25.0 (22.8; 27.2)

Almo 12.5 mg 61.2 (57.6; 64.8) 25.0 (14.1; 35.9) 61.2 21.0 (13.3; 28.7) 26.2 (22.1; 30.3) 25.9 (22.7; 29.1)

Frova 2.5 mg* 41.5 (39.3; 43.8) 16.6 (13.1; 20.1)

*Data from published abstracts; when the number of patients responding to frovatriptan was not given, the number of patients was
calculated from the percentage and total number treated given.
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