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background

 

Calcitonin gene–related peptide (CGRP) may have a causative role in migraine. We there-

fore hypothesized that a CGRP-receptor antagonist might be effective in the treatment

of migraine attacks.

 

methods

 

In an international, multicenter, double-blind, randomized clinical trial of BIBN 4096

BS, a highly specific and potent nonpeptide CGRP-receptor antagonist, 126 patients

with migraine received one of the following: placebo or 0.25, 0.5, 1, 2.5, 5, or 10 mg

of BIBN 4096 BS intravenously over a period of 10 minutes. A group-sequential adap-

tive treatment-assignment design was used to minimize the number of patients ex-

posed.

 

results

 

The 2.5-mg dose was selected, with a response rate of 66 percent, as compared with

27 percent for placebo (P=0.001). The BIBN 4096 BS group as a whole had a response

rate of 60 percent. Significant superiority over placebo was also observed with respect

to most secondary end points: the pain-free rate at 2 hours; the rate of sustained re-

sponse over a period of 24 hours; the rate of recurrence of headache; improvement in

nausea, photophobia, phonophobia, and functional capacity; and the time to mean-

ingful relief. An effect was apparent after 30 minutes and increased over the next few

hours. The overall rate of adverse events was 25 percent after the 2.5-mg dose of the drug

and 20 percent for the BIBN 4096 BS group as a whole, as compared with 12 percent for

placebo. The most frequent side effect was paresthesia. There were no serious adverse

events.

 

conclusions

 

The CGRP antagonist BIBN 4096 BS was effective in treating acute attacks of migraine.

abstract

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
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igraine is among the most com

 

-

mon

 

 

 

disorders, with a one-year preva-

lence of 12 percent.

 

1,2

 

 According to the

Global Burden of Disease Study conducted under

the auspices of the World Health Organization,

migraine is one of the leading causes of disabil-

ity.

 

3

 

 Although the availability of triptans — selec-

tive agonists of serotonin (5-hydroxytryptamine

[5-HT]) receptors that activate 5-HT

 

1

 

B

 

 and 5-HT

 

1

 

D

 

(5-HT

 

1

 

B/

 

1

 

D

 

) receptors — has greatly improved the

acute treatment of migraine, many patients have no

response to triptans, complete pain relief is the ex-

ception rather than the rule, and their vasoconstric-

tive properties cause concern among doctors and

patients alike. Thus, new approaches to the man-

agement of migraine are needed.

 

4

 

Calcitonin gene–related peptide (CGRP) is one

of several neuropeptides found in the human tri-

geminal sensory neurons. It is found in both the

pericranial vascular nerves and the trigeminal gan-

glion.

 

5

 

 CGRP is a potent dilator of cerebral and du-

ral vessels,

 

6

 

 and it is involved in meningeal dural

vasodilation.

 

7

 

 Cranial CGRP levels are elevated in

patients with migraine,

 

8

 

 and an infusion of CGRP

can trigger a migraine attack.

 

9

 

 We therefore hypoth-

esized that CGRP antagonists might be effective

in the treatment of acute migraine.

BIBN 4096 BS is a nonpeptide CGRP-receptor

antagonist with an extremely high affinity and spec-

ificity for the human CGRP receptor.

 

10

 

 Extensive

experiments in animals, in vitro studies of human

cephalic arteries, and studies in humans have shown

that it potently blocks the effect of CGRP.

 

11

 

 BIBN

4096 BS is the first CGRP antagonist available for

clinical studies. In this context, we planned a proof-

of-concept study, using a double-blind, random-

ized, placebo-controlled design. The primary aims

were to evaluate the efficacy of this new treatment

and to provide preliminary data on its safety and

tolerability.

The study was performed in accordance with the

Declaration of Helsinki and under the principles of

Good Clinical Practice. The trial was approved by

all ethics committees of the participating countries,

and all patients gave written informed consent. The

study was conducted in 16 centers in Denmark, Ger-

many, the Netherlands, and the United Kingdom

from February to December 1999. The study was

designed by the sponsor in consultation with the

investigators. Data management and analysis were

performed by the sponsor and fully reported to the

investigators. The article was written chiefly by two

academic authors, with all others contributing.

 

patients

 

Patients who met all of the following criteria were

considered for enrollment: receipt of a diagnosis of

migraine (with or without aura) according to the

criteria of the International Headache Society

 

12

 

 at

least one year before enrollment, an age at the on-

set of migraines of no more than 50 years, a current

age of 18 to 65 years, a history of one to six migraines

per month for the preceding six months, and the

ability to give written informed consent. Patients

with severe medical or psychiatric illness, overuse

of any medication, or frequent nonmigraine head-

aches were excluded.

 

study design

 

A group-sequential adaptive treatment-assignment

design was chosen to achieve the trial’s objectives

with a comparatively low number of patients and,

especially, to minimize exposure of patients to non-

efficacious doses. The goal of this sequential pro-

cedure is to identify the lowest dose of a drug that is

superior to placebo (the minimal effective dose), as

evidenced by a rate of response of at least 60 per-

cent. The study design is based on group-sequen-

tial methods for the interim analysis of an ongoing

trial,

 

13

 

 and so-called up-and-down adaptive assign-

ment designs are used to investigate the efficacy of

a range of doses.

 

14

 

 A simple up-and-down design

has previously been used in the study of potential

treatments for acute migraine.

 

15

 

Groups of six patients presenting with moder-

ate-to-severe migraine were treated, with four pa-

tients being randomly assigned to receive one dose

of BIBN 4096 BS and two patients to receive place-

bo. With the BIBN 4096 BS dose of 1.0 mg used as

the base line, the dose for each succeeding group

was determined on the basis of the response ob-

served in the preceding group. The dose in the next

group was decreased if at least three of the four pa-

tients in the BIBN 4096 BS group had a response;

otherwise, the dose was increased. At the highest

or lowest dose, the rule was modified to avoid treat-

ment outside the target range. If results for the pre-

ceding six patients were not available to guide the

dose used for the next group, the next lower dose

was used. This up-and-down process was to be ter-

minated when one of the doses satisfied the selec-

m

methods
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tion criteria: the dose had been tested in at least five

groups, and the response was observed in at least

four groups among at least three of the four patients

in each group who received BIBN 4096 BS. This ap-

proach ensured that at least 20 patients were treat-

ed with the selected dose and at least 18 patients re-

ceived placebo. If the threshold for stopping was

reached before three groups had been treated with

the highest dose, then additional groups were to be

added until a minimum of 12 patients had received

the 10-mg dose.

 

procedures

 

After the first screening visit, patients returned when

they had an acute migraine attack. They were then

included in the study provided the attack had not

lasted more than six hours, was moderate to se-

vere, and was not improving. Base-line assessments

included history taking, physical examination,

measurement of vital signs, a pregnancy test for

women of childbearing potential, and 12-lead elec-

trocardiography. The pain associated with the mi-

graine during the study was rated as mild, moder-

ate, or severe. The presence or absence of nausea,

vomiting, photophobia, and phonophobia was as-

sessed, and the Clinical Disability Scale completed.

Investigators used a telephone call-in system set up

by a central randomization center. After random-

ization, each patient received a 10-minute intrave-

nous infusion of placebo (xylitol) or of 0.1, 0.25,

0.5, 1, 2.5, 5, or 10 mg of BIBN 4096 BS. Each pa-

tient was treated only once. Use of placebo has ad-

vantages in pain studies

 

16

 

 and is generally recom-

mended in migraine trials

 

17

 

 because of variable

rates of response to placebo in different trials

 

18

 

 and

because it poses no risk to patients except that it de-

lays treatment for two hours. Base-line measures

of efficacy were repeated 30 minutes and 1, 2, and

4 hours after the infusion was begun and again af-

ter 24 hours by means of a telephone interview with

the patient. A stopwatch was used to measure the

time to meaningful relief.

Adverse events and the use of concomitant med-

ications were monitored through day 7 (

 

±

 

2 days)

(the day of the third visit, when laboratory tests were

repeated). If patients did not have a response, they

were given their usual migraine treatment, and the

lack of response was recorded. Patients could be dis-

charged at any time after the four-hour assessment.

A safety officer at the central randomization center

judged the tolerability and safety of all treatments

in an unblinded fashion. All other parties involved

in the study remained blinded until the study was

completed and the data base locked.

 

outcome measures

 

The primary efficacy end point was a response, de-

fined as the reduction of severe or moderate head-

ache at base line to mild or no headache at two

hours. Secondary end points were the rates of re-

sponse 30 minutes and 1, 4, and 24 hours after the

start of the infusion; the headache-free rates at 30

minutes and 1, 2, 4, and 24 hours after the start of

the infusion; the rates of sustained response over

a 24-hour period; the relief of nausea, vomiting,

photophobia, and phonophobia; the time to mean-

 

Table 1. Demographic Characteristics of the Patients.

Group
Total
No.

Median
Age

No. of
Women

No. of
Men

Median Time
since Diagnosis

Median No.
of Attacks 

in Past 6 Mo
History of Attacks

with Aura

Current Attack
Associated 
with Aura

 

yr yr percent

 

BIBN 4096 BS 85 47 71 14 20 18 27 12

0.25 mg 1 43 1 0 29 6 0 0

0.5 mg 4 42 3 1 15 15 25 25

1 mg 20 49 18 2 20 19 25 5

2.5 mg 32 45 29 3 19 18 25 13

5 mg 16 52 13 3 28 26 38 13

10 mg 12 47 7 5 25 12 25 17

Placebo 41 47 29 12 22 24 34 12

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
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ingful relief; the degree of clinical disability; the

use of rescue medication; the frequency of adverse

events; and changes from base line in heart rate,

blood pressure measured while the patient was su-

pine, or clinical laboratory values.

 

statistical analysis

 

The response rate in the dose group, selected by

means of the group-sequential adaptive treatment-

assignment procedure, was compared with the re-

sponse rate in the placebo group with the use of

Fisher’s exact test and a one-sided alpha level of

0.025. At the planning stage, computer simulations

were used to estimate the necessary statistical pow-

er and sample size for the trial. The resulting sam-

ple size was 130 to 150 patients. The trial was de-

signed to have a statistical power of 80 percent,

provided that at least one of the doses of BIBN 4096

BS produced a response rate of 60 percent or more

and the response rate in the placebo group was 30

percent. In view of the inherent design bias in the

observed rates of response (in particular, the possi-

bility of overestimating the response to the selected

dose), the actual type I error rate had to be estimat-

ed on the basis of the simulations; the error rate

does not exceed the nominal level of 2.5 percent

when response rates in the placebo group are 40

percent or less. Because of the unstratified nature

of randomization and the small size of most dose

groups, only descriptive methods were used in the

secondary statistical analyses.

We screened 380 patients, and 127 presented dur-

ing an acute migraine attack and underwent ran-

domization. One of the 127 patients did not receive

trial medication. The analysis of efficacy is thus

based on all 126 treated patients. The demographic

characteristics of the patients are summarized in

Table 1. All patients were white.

 

primary end point

 

The primary end point was a response two hours

after treatment. The up-and-down process, driv-

en by the proportion of patients with a response

in the preceding group, led to the selection of the

2.5-mg dose of BIBN 4096 BS. The rate of re-

sponse to this dose was 66 percent (21 of 32 pa-

tients), and the rate of response to placebo was 27

percent (11 of 41 patients, P=0.001) (Fig. 1). Ef-

fects of the other doses are shown in Figure 1. A dif-

ference in response rates between the BIBN 4096

BS group as a whole and the placebo group was

apparent after 30 minutes (Fig. 2).

 

secondary end points

 

Pain-free rates are given in Table 2. The duration of

the attack at the time of treatment did not differ sig-

results

 

Figure 1. Rates of Response Overall, for Each Dose of BIBN 4096 BS Tested, 

and for Placebo among Patients with a Moderate or Severe Headache 

at Base Line.

 

A response was defined as the absence of a headache or the presence of a 

mild headache two hours after treatment. The number of patients in each 

group is shown.
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Figure 2. Rates of Response According to the Time after the Start of the Infusion.
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nificantly between those who had a response and

those who did not have a response. Nausea, photo-

phobia, phonophobia, and functional capacity all

improved in parallel with the extent of response to

treatment. The rate of recurrence was 19 percent

among patients who received the 2.5-mg dose and

20 percent among the BIBN 4096 BS group as a

whole, as compared with 46 percent among pa-

tients who received placebo. The rate of use of res-

cue medication was lower among patients who re-

ceived BIBN 4096 BS than among those who

received placebo.

 

tolerability and safety

 

The overall rate of adverse events was 20 percent in

the BIBN 4096 BS group as a whole and 12 percent

in the placebo group. In the group given 2.5 mg of

BIBN 4096 BS, 25 percent of the patients had at

least one adverse event. The rates in the 1-mg group

were similar. The most frequent adverse events are

shown in Table 3. Paresthesias were relatively fre-

quent but were mild. All other events occurred only

in single patients. None of the patients had abnor-

mal laboratory values that could be classified as ad-

verse events.

We found that the nonpeptide CGRP-receptor an-

tagonist BIBN 4096 BS is effective in treating mi-

graine attacks up to six hours after onset. We were

also able to provide a good estimate of the range

of doses likely to be assessed in future clinical tri-

als, while minimizing the exposure of patients to

placebo.

CGRP is a potent vasodilator, particularly in the

cerebral circulation.

 

5

 

 Isolated human pial arteries

are approximately 10 times as sensitive to CGRP as

middle meningeal arteries and 20 times as sensi-

tive as subcutaneous arteries.

 

19

 

 CGRP is present in

perivascular trigeminal-nerve fibers that supply the

pial arteries, the meningeal arteries,

 

20

 

 and the ex-

tracranial cephalic arteries.

 

21

 

 Stimulation of the tri-

geminal ganglion in humans and cats

 

22

 

 and elec-

trical stimulation of the superior sagittal sinus in

animals

 

23,24

 

 induce the release of CGRP into the

cranial circulation. During spontaneous migraine

attacks, the level of CGRP is increased in blood from

the external jugular vein, which drains the extracra-

nial compartment.

 

8,25

 

 The intravenous infusion of

CGRP elicited migraine-like headaches in 8 of 10

patients with a history of migraine, and in 3 of 10

patients, this headache fulfilled the criteria for mi-

graine without aura devised by the International

Headache Society.

 

9

 

 Sumatriptan, an effective acute

antimigraine treatment

 

26

 

 of the class of serotonin

5-HT

 

1B

 

/

 

1

 

D

 

–receptor agonists,

 

27

 

 normalizes elevat-

ed CGRP levels as it terminates a migraine attack,

 

25

 

an observation consistent with the clinical effect

of BIBN 4096 BS that we observed. Thus, CGRP

may have a role in both initiating and mediating

migraine attacks.

BIBN 4096 BS blocks trigeminal-induced facial

vascular dilatation in the marmoset

 

10

 

 and CGRP-

induced dilation of both human and bovine cerebral

vessels.

 

11

 

 Similarly, triptans can block meningeal

vascular dilation,

 

28

 

 a response that involves CGRP

 

7

 

and nitric oxide.

 

29

 

 Studies that have used micro-

iontophoresis have shown that BIBN 4096 BS blocks

activity in the trigeminocervical complex of the cat

that is induced by CGRP, 

 

l

 

-glutamate, or stimula-

tion of the superior sagittal sinus.

 

30

 

 This effect is

shared with ergot derivatives and triptans.

 

31

 

 In hu-

mans BIBN 4096 BS caused only minor adverse

events

 

32

 

 and had no constrictor effect on the mid-

dle cerebral, radial, or superficial temporal artery or

on regional cerebral blood flow, blood pressure,

or heart rate.

 

33,34

 

 It antagonized the extracerebral

effect of infused CGRP in humans.

 

33

 

 BIBN 4096 BS

has not shown vasoconstrictor activity in several an-

imal models or in human studies, and it is the first

migraine-specific medication that is not a vasocon-

strictor.

The rate of response to pain two hours after treat-

ment — the main end point of the study — was sig-

nificantly higher after the infusion of BIBN 4096

BS than after the infusion of placebo. The robust-

discussion

 

Table 2. Headache-free Rates According to the Time after the Start 

of the Infusion.

Group Total No. Time after Start of Infusion

 

30 min 1 hr 2 hr 4 hr 24 hr

 

number of patients (percent)

 

BIBN 4096 BS 85 3 (4) 10 (12) 25 (29) 34 (40) 40 (47)

0.25 mg 1 0 0 0 0 0

0.5 mg 4 0 0 0 0 2 (50)

1 mg 20 0 1 (5) 4 (20) 5 (25) 9 (45)

2.5 mg 32 1 (3) 5 (16) 14 (44) 18 (56) 15 (47)

5 mg 16 0 2 (12) 4 (25) 6 (38) 11 (69)

10 mg 12 2 (17) 2 (17) 3 (25) 5 (42) 3 (25)

Placebo 41 1 (2) 1 (2) 1 (2) 4 (10) 6 (15)
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ness of this primary conclusion was confirmed by

the similarly positive results we found for all the

secondary end points with the use of descriptive

methods. Proof of concept was thus established.

Despite the small number of patients in the study, it

was possible to identify a narrow range of doses that

should be used in future clinical trials. The effect on

migraine pain was somewhat lower than the re-

ported rate of response to injectable sumatriptan

 

26

 

but corresponded to the best published results for

oral triptans.

 

35

 

 The methods we used tend to over-

estimate the effect of the chosen dose, but on the

other hand, our study required patients to be treat-

ed in a hospital, and they may have been rather re-

fractory to treatment. Because of the relatively small

sample and the special design of our study, the de-

gree to which it can be compared with traditional

designs is highly uncertain, although the pain-free

rate at two hours of 44 percent and the rate of recur-

rence of 19 percent after the 2.5-mg dose of BIBN

4096 BS are promising when compared with these

rates after treatment with triptans.

 

35

 

We confirmed the favorable safety and tolera-

bility results reported in a previous phase 1 study.

 

32

 

The overall rate of adverse events was low. All events

were mild or moderate. Paresthesia was the only

adverse event of note. BIBN 4096 BS does not seem

to have vasoconstrictor properties,

 

32

 

 but our data

base was too small for us to assess cardiovascular

safety. If subsequent studies prove the drug to be

without vasoconstrictor properties, this will repre-

sent an advantage over the triptans.

Our results pose some important clinical and

fundamental pathophysiological questions. Would

patients who have no response to triptans benefit

from treatment with a CGRP antagonist, or would

the benefit be confined to those who have a response

to triptans? How would a CGRP antagonist and a

triptan compare if studied contemporaneously? Giv-

en that CGRP antagonists have no direct vasocon-

strictor effects, would this class of compounds of-

fer similar efficacy and be safer than triptans? Can

CGRP antagonists establish the primacy of the nerve

over the vessel during a migraine attack? Only fu-

ture studies that use a more easily administered

formulation of a CGRP antagonist can answer these

questions, but our findings offer the prospect of

both better treatment and a greater understanding

of one of the most common clinical problems in

medicine.
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