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Abstract: Frovatriptan is an orally active 5-hydroxytryptamine (5-HT) receptor agonist which

binds with high affinity to 5-HT
1B

 and 5-HT
1D

 receptors. Earlier clinical trials demonstrated

that frovatriptan 2.5 mg is significantly more effective than placebo in the acute management

of migraine and its associated symptoms. More recently, frovatriptan was shown to be effective

in the management of menstrual migraine. The incidence of menstrual migraine in subjects

receiving frovatriptan 2.5 mg twice daily during the six day perimenstrual period was 41%

compared with 67% with placebo. Frovatriptan treatment is generally well tolerated. The

most commonly reported adverse effects were dizziness, paresthesia, dry mouth, and fatigue.

Pharmacologic studies demonstrated that frovatriptan is cerebroselective. Its selectivity for

cerebral vessels lessens the potential for undesirable peripheral effects. Frovatriptan has a

terminal deposition half-life of approximately 26 hours, which appears to be independent of

age, gender, and renal function. This imparts that frovatriptan may be particularly well suited

to patients with prolonged migraines and those who suffer migraine recurrence. Frovatriptan

does not alter cytochrome P450 (CYP450) isoenzymes, as such it is unlikely to affect the

metabolism of other drugs. No dosage adjustments are necessary based on age, renal, or mild

to moderate hepatic impairment. Apart from its efficacy in the acute management of migraine,

frovatriptan is an effective agent when used as either acute therapy or as intermittent

prophylaxis therapy of menstrual migraines, particularly in women who do not respond to

conventional therapies.

Keywords: migraine, menstrual migraine, 5-HT
1B/1D

, receptor agonists, pharmacokinetics,

frovatriptan succinate

Introduction
Migraine is a primary headache disorder which affects approximately 28 million

people in the US (Lipton et al 2001). Typical symptoms of migraine include unilateral,

pulsating pain of moderate to severe intensity, which is often aggravated by routine

physical activity. Additionally, patients often report symptoms of nausea, photophobia

and/or phonophobia (HCC 1988; Russell et al 1996; Mulleners et al 2001). If

untreated, attacks typically last 4 to 72 hours (HCC 1998), and often result in disability

(Lipton and Stewart 1993). The prevalence of migraine varies considerably by age

and gender. The disorder is commonly reported in the second and third decades of

life (Lipton et al 2001), and females are more likely to suffer from migraine attacks

(18%) than males (6%) (Stewart et al 1994; Marks and Rapoport 1997). This increased

prevalence has been linked to menstruation (King and Herndon 2005). Nonetheless,

patients who suffer menstrual migraines may also experience migraine attacks at

various times (MacGregor 1997).

Although menstrual migraine was not recognized by the Headache Classification

Committee of the International Headache Society (IHS) in the past (HCC 1988), the
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revised version of the IHS (HCS 2004) included

“candidate” criteria in the appendix for menstrual related

migraine (formerly called menstrual-associated migraine)

and pure menstrual migraine (formerly called true

menstrual migraine). Though the “candidate” criteria are

indicative of insufficient validation for inclusion in the

formal classification system, it provides a framework for

future research and evaluation of migraines linked to

menses.

Irrespective of the cause, migraine patients must deal

with quality of life, employment, psychosocial, behavior,

and cognitive issues. The economic burden of migraine is

substantial, it has been estimated that migraine costs

American employers approximately 13 billion dollars a year

due to missed work days and impaired work function (Hu

et al 1999).

Management of migraine continues to evolve and

improve as a result of our increased understanding of this

disorder. The introduction of serotonin agonists in the early

1990s was a significant advance in the management of

migraine due to their established efficacy and favorable

adverse effect profile. All agents are approved for the acute

management of migraine with and without aura. Second-

generation triptans offer an improved pharmacokinetic

profile when compared with the previously marketed agents.

The latest triptan released to the global markets,

frovatriptan succinate, has shown promise in the

management of migraine and is associated with a low

incidence of headache recurrence. Frovatriptan has

distinctive pharmacokinetic and pharmacologic properties,

mainly a long terminal deposition half-life of approximately

26 hours.

This article reviews the pharmacology and

pharmacokinetics of frovatriptan and highlights

frovatriptan’s clinical potential in the management of

menstrual migraine.

Pharmacology
Frovatriptan (Figure 1) is a 5-HT receptor agonist which

binds with high affinity to 5-HT1B and 5-HT1D receptors

(Comer 2002). In vitro, frovatriptan shows moderate affinity

for the receptor 5-HT7, which is believed to contribute to

its distinctive pharmacologic properties (Brown et al 1998).

Frovatriptan demonstrated higher binding affinity than

sumatriptan at human 5-HT1B receptor (~4-fold) and a

comparable affinity at human 5-HT1D receptor (Comer

2002). Frovatriptan was shown to be the most potent 5-HT1B

agonist in vitro −log10 of the concentration causing 50%

maximal stimulation (pEC50) of 8.2 as compared with

sumatriptan, pEC50 of 7.0 (Stewart et al 1999).

Furthermore, frovatriptan was shown to be a full agonist

with moderate potency at the 5-HT7 receptor (pEC50:

6.2±0.1) as compared with sumatriptan and naratriptan

which were both partial agonists (pEC 50 <5.3) (Brown et al

1998).

When compared with sumatriptan, in vitro studies have

shown that frovatriptan exhibits higher selectivity for the

cerebral vasculature, with minimal effects on the coronary

vasculature (Parsons et al 1998). The findings are

corroborated by various in vivo preclinical studies (Comer

2002). Resembling other agents within the class, the

pharmacologic effects of frovatriptan can be ascribed to its

agonist effects at 5-HT1B/1D receptors on the extracerebral,

intracranial blood vessels, which become dilated during

migraine attacks, and on nerve terminals in the trigeminal

system. It is suggested that activation of these receptors

causes vasoconstriction, inhibition of neuropeptide release,

and reduced transmission in trigeminal pain pathways

(Tepper et al 2002).

Pharmacokinetics
As a second-generation triptan, frovatriptan has a distinct

pharmacokinetic profile. The mean blood terminal

deposition half-life of frovatriptan is approximately 26

hours, the longest among agents within its class, and is not

affected by gender, dose, or route of administration (Buchan

et al 2002).

The absolute oral bioavailability of Frovatriptan is 22%–

30% (Buchan 1998). The mean time to reach peak plasma

concentration (Tmax) is approximately 2–3 hours (Buchan

et al 1998). Food does not influence the pharmacokinetics

of frovatriptan (Buchan et al 2002).

Frovatriptan undergoes hepatic metabolism via CYP 1A2

isoenzyme and is eliminated both by hepatic metabolism

and renal excretion. Renal clearance accounts for

approximately 40% of total frovatriptan clearance including

parent and other minor metabolites. Frovatriptan is poorly

protein bound, with total protein binding estimated at 15%

(Buchan and Gay-Feutry 2000; Buchan et al 2002).

The pharmacokinetics of frovatriptan were not affected

by various degrees of renal impairment (creatinine clearance

16–73ml/min) or mild-to-moderate hepatic impairment

(Child-Pugh scores A & B) (Cohen et al 1999). Thus, no

dosage adjustments are necessary under these conditions.

Lastly, it should be noted that the pharmacokinetics and

tolerability of frovatriptan were not affected during migraine
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attacks, and were similar in migraine patients and healthy

subjects (Buchan, Ward, Zeig, et al 1999; Buchan et al 2002).

Table 1 summarizes the pharmacokinetic parameters of

frovatriptan.

Frovatriptan does not alter CYP450 isoenzymes or

monoamine oxidase (MAO); thus drug interactions of

frovatriptan are clinically insignificant. Nonetheless,

coadministration of frovatriptan and propranolol;

fluvoxamine; and combined oral contraceptives resulted in

small increases in mean peak plasma concentration (Cmax)

and area under the plasma concentration-versus-time curve

(AUC) of frovatriptan (Buchan et al 2002). Propranolol

resulted in an approximate increase of Cmax and AUC values

of approximately 25%. Corresponding values for

fluvoxamine were approximately 28% and 39%.

Coadministration of frovatriptan with combined oral

contraceptives resulted in increased Cmax and AUC of

frovatriptan by approximately 40%. Contrarily,

coadministration of frovatriptan and ergotamine tartrate

resulted in decreases in both Cmax and AUC of frovatriptan

by approximately 25% (Buchan, Ward, Oliver, et al 1999).

Due to lack of inhibitory or inducing effects on CYP

isoenzymes, frovatriptan appears to have a low risk of drug

interactions and dosage adjustments are unlikely to be

warranted (Buchan et al 2002).

Clinical efficacy and tolerability in
menstrual migraine
Silberstein et al (2004) sought to evaluate the efficacy, safety,

and tolerability of frovatriptan in prophylactic therapy of

menstrually-associated migraine (MAM). The primary

objective of the study was to determine whether frovatriptan,

administered for 6 days beginning 2 days prior to expected

onset of MAM, was more effective than placebo. Secondary

objectives included the severity and duration of MAM

attacks and associated symptoms.

MAM was defined as migraine that occurred between

day −2 and day +4 of the onset of menstruation, where the

first day of menstruation was defined as day +1. Of the

participants, 34% had a history of true menstrual migraine,

defined as migraine attacks occurring between day –2 to

day +2 of menstruation and did not occur at any other time.

In this multicenter, double-blind, placebo-controlled,

three-way crossover trial, patients were randomized to one

of six treatment sequences consisting of placebo,

frovatriptan 2.5 mg daily, and frovatriptan 2.5 mg twice

daily. Participants had to be at least 18 years of age, with

>1-year history of MAM, diagnosed with migraine

according to IHS criteria and have an attack frequency of at

least three of four perimenstrual periods (PMPs) in the

previous 12 months. Patients were excluded from the study

if they had >3 non-MAM attacks per month, >15 headache

days per month, or if they had any contraindication to the

use of serotonin-receptor agonists such as uncontrolled

hypertension or coronary artery disease. Patients receiving

oral contraceptives or migraine prophylactic therapies were

eligible to participate in the study if the dosages of these

medications had been stable for at least 2 months prior to

enrollment in the study.

Patients administered their study medications 2 days

before the anticipated MAM-onset date. Medications were

administered twice daily at 12-hour intervals for a total of

six days. Patients who failed treatment with study

medications were permitted to manage their migraines with

rescue medications, including acetaminophen-containing

products and propionic acid derivatives such as ibuprofen.

However, other triptans or ergotamine derivatives were not

permitted. Subjects were given diary cards to record efficacy

and tolerability. Additionally, patients documented headache

severity according to the IHS 4-point rating scale, where

0=absent, 1=mild, 2=moderate, and 3=severe. Functional

disability was assessed using the IHS 4-point scoring scale

and the presence of migraine-associated symptoms (nausea,

vomiting, phonophobia, and photophobia).

Five hundred and forty six subjects comprised the safety

population. The intention to treat analysis consisted of 506

subjects, 445 of which were treated and had efficacy data

Table 1 Pharmacokinetics of frovatriptan in healthy male and
female volunteers (age 18–45 years). Data obtained after a
single oral dose of frovatriptan 2.5mg (Buchan et al 2002)

Gender AUC Tmax Cmax T1/2 F (%)
(ng/h/mL) (hr) (ng/mL) (hr)

Male 42.9 2.3 4.23 27.4 22.1
Female 94.0 3.0 7.0 25.7 29.6

Abbreviations: AUC, area under the plasma concentration-versus-time curve;
Cmax , peak plasma concentration; F, bioavailability; T1/2, plasma half-life; Tmax, time
to reach peak plasma concentration.

Figure 1 Structure of frovatriptan.
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for three PMPs. Both frovatriptan regimens were superior

to placebo however, there was a dose-dependent reduction

in the incidence of MAM; 52% and 41% in subjects

receiving frovatriptan 2.5 mg daily and frovatriptan 2.5 mg

twice daily, respectively compared with 67% among placebo

recipients (p<0.0001). Similarly, the severity of MAM

attacks was in favor of both frovatriptan regimens. The

incidence of moderate or severe attacks was 28%, 37%, and

51% for frovatriptan 2.5 mg twice daily, frovatriptan 2.5 mg

daily, and placebo, respectively (all p-values <0.0001).

The mean duration of MAM attacks was 31.1 hours in

the placebo group compared with 20.3 hours and 16.6 hours

in subjects receiving frovatriptan 2.5 mg daily and

frovatriptan 2.5  mg twice daily, respectively (p<0.0001).

However, the difference between frovatriptan regimens did

not reach statistical significance.

The rates of associated MAM symptoms (nausea,

vomiting, photophobia, and phonophobia) were favorable

for both frovatriptan dose regimens; p<0.001, daily

frovatriptan vs placebo; p<0.0001, twice daily frovatriptan

vs placebo; and p<0.0001 for both frovatriptan dose

regimens in favor of frovatriptan 2.5 mg twice daily.

Lastly, functional disability, the use of rescue

medications, and patient satisfaction with study medications

were all in favor of frovatriptan treatment groups. Overall,

moderate to severe functional impairment was reported in

38% of subjects receiving placebo compared with 18%

(p<0.001) and 29% (p<0.01) of subjects receiving

frovatriptan twice daily and frovatriptan once daily

regimens, respectively.

The use of rescue medications was significantly reduced

by both frovatriptan regimens, 34% (p<0.01) and 44%

(p<0.001) when compared with placebo, 53%.

Frovatriptan regimens provided higher rates of patient

satisfaction when compared with placebo (p<0.0001), with

the twice daily regimen being more superior to the once

daily regimen. 86%, 80%, and 66% of patients rated their

treatment as “excellent’, “good” or “fair” in the frovatriptan

twice daily regimen, once daily regimen, and placebo,

respectively.

In view of safety, adverse effects were consistent with

those reported in other trials and most frequently consisted

of headache, nausea, dizziness, nasopharyngitis, and

dysmenorrhea. Adverse effects reported in the frovatriptan

groups were comparable with those reported by placebo

recipients. Nonetheless, nausea, dizziness, and pharyngitis

were more commonly reported among frovatriptan

recipients and were reported more frequently in the

frovatriptan twice daily regimen. Nausea was reported in

3.4% of subjects receiving placebo as compared with 4.8%

(p=0.091) and 6.8% (p=0.028) in subjects receiving once

daily and twice daily frovatriptan regimens. Other reports

of adverse effects were numerically higher in both

frovatriptan regimens when compared with placebo albeit

did not reach statistical significance.

A total of 21 subjects withdrew from the study, 17 in the

frovatriptan groups and 4 in placebo. The most common

reasons for withdrawal were nausea and dizziness in the

frovatriptan groups and abnormal electrocardiogram (EKG)

findings in placebo.

Overall, the authors concluded that frovatriptan is

effective in reducing the incidence of menstrually-associated

migraines, with the twice daily regimen being more

effective. Frovatriptan treatment was superior to placebo

and reduced severity, duration, and the need for rescue

medications.

In a six-month open-label design, the efficacy of

frovatriptan 2.5 mg in the abortive management of migraine

attacks was assessed both during and outside of menstrual

attacks (MacGregor and Keywood 2000). Menstrually-

associated migraine was defined as occurring between three

days prior to and four days post onset of menstruation. Data

was reported from 151 menstrual subjects for 2439 migraine

attacks, 659 of which occurred during a menstrual period.

Albeit the time to achieve relief was longer in menstrual

attacks; 5.5 hours vs 3.6 hours, migraine relief within 24

hours was achieved for both menstrual and non-menstrual

attacks, 82% and 87%, respectively. Of note, the majority

of attacks (~40%) were managed by a single dose of

frovatriptan 2.5mg. The authors concluded that frovatriptan

is effective in the acute management of menstrual migraines.

Discussion
Migraine is a common headache disorder that

disproportionately affects women.

Approximately half of all women affected by migraine

report that they are more likely to experience migraines in

association with menstrual periods (Edelson 1985; Johannes

et al 1995; Stewart et al 2000). Unlike other types of

migraine, the pathophysiologic bases of menstrual migraine

are related to neuroendocrine changes associated with the

menstrual cycle, particularly the fluctuations of estrogen

levels (Silberstein and Merriam 1991). Management of

menstrual migraines is challenging as the attacks are reported

to be of longer duration and are more refractory to therapies

(Massiou 1999; Granella et al 2004).
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In addition to hormonal manipulations, menstrual

migraines can be managed with nonsteroidal

antiinflammatory drugs and/or triptans given acutely or as

prophylactic therapies. Various triptans have been evaluated

in the acute management of menstrual migraines. Two

randomized controlled trials of sumatriptan and zolmitriptan

support their use in the acute management of menstrual

migraine (Facchinetti et al 1995; Loder et al 2004). In both

trials, oral zolmitriptan and subcutaneous sumatriptan

exhibited efficacy and well tolerability in the acute treatment

of menstrual migraines.

The role of triptans in the prophylactic therapy of

menstrual migraines emerged in the late 1990s. In total, four

triptans including sumatriptan, frovatriptan, naratriptan, and

zolmitriptan were evaluated against placebo (Karageorgiou

et al 2001; Newman et al 2001; Brandes et al 2002; Brandes,

Savani, Alderton, et al 2003; Brandes, Savani, Kwong, et al

2003; Diamond et al 2003; Mannix et al 2003; Nett et al

2003; Singer and Schim 2003; Smith and Nett 2003; Tepper

and Freitag 2003; Tuckman et al 2005).

The majority of the studies were reported in abstract

form and are limited by a number of factors including but

not limited to open-label design and suboptimal number of

participants.

None of the triptans is currently approved for the

management of menstrual migraines. Additionally, there are

no head-to-head trials to evaluate the efficacy of various

triptans in the management of menstrual migraines.

Promising aspects of frovatriptan include its favorable

pharmacologic and pharmacokinetic profiles. Frovatriptan

offers functional selectivity for cerebral over coronary

arteries. This effect is thought to lessen the potential for

deleterious peripheral adverse effects. Nonetheless, such

effect has not been clinically substantiated. Frovatriptan has

a terminal deposition half-life of approximately 26 hours,

which implies that frovatriptan may provide additional

benefits in patients with migraines of long duration and those

who experience headache recurrence. Collectively, its long

half-life and potential benefits in headache recurrence make

frovatriptan a valuable agent for prophylaxis and acute

management of menstrual migraines.

Using frovatriptan in the prophylaxis of menstrual

migraines is unlikely to be shown cost-effective, particularly

if used as first-line therapy. Patients who respond to

traditional pharmacologic agents such as nonsteroidal

antiinflammatory drugs should be continued on these

therapies. Additionally, menstrual migraines should be

managed with acute therapies prior to attempting

prophylactic therapy with triptans. Nonetheless, patients

who experience intractable and prolonged migraine attacks

that are not amenable to acute therapies may attain additional

benefits from prophylactic therapy with frovatriptan.

Conclusions
Frovatriptan is a potent, 5-HT1B/1D receptor agonist that

demonstrated safety and efficacy in the management of

migraine. Its efficacy, long duration of action and good

tolerability profiles show considerable potential in acute and

prophylactic management of menstrual migraines. Future

studies will further elucidate the role of frovatriptan in the

management of menstrual migraine.
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