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CGRP is an extensively studied neuropeptide that has been implicated in the pathophysiology of migraine. While a number of small
molecule antagonists against the CGRP receptor have demonstrated that targeting this pathway is a valid and effective way of
treating migraine, off-target hepatoxicity and formulation issues have hampered the development for regulatory approval of any ther-
apeutic in this class. The development of monoclonal antibodies to CGRP or its receptor as therapeutic agents has allowed this pathway
to be re-investigated. Herein we review why CGRP is an ideal target for the prevention of migraine and describe four monoclonal an-
tibodies against either CGRP or its receptor that are in clinical development for the treatment of both episodic and chronic migraine.
We describe what has been publically disclosed about their clinical trials and future clinical development plans.
Introduction

Migraine is a chronic, recurrent disorder characterized by
attacks of severe pain and associated symptoms, such as
nausea, photophobia, phonophobia and worsening with
exertion [1, 2]. Around 12% of adults have episodic mi-
graine (headaches on less than 15 days per month) [3],
while around 1% of the adult population suffers from
migraine and headaches on more days than not [4], a
condition termed chronic migraine. Although the ictal
symptoms of migraine are the prominent feature of
the disease, in-between attacks, individuals exhibit alter-
ations of event-related potentials that indicate a state of
altered brain activation [5, 6], as well as impaired health-
related quality of life and considerable disability [7, 8].
Additionally, migraine is considered a disease with
potential for progression. Increased headache frequency
or functional/anatomical sequelae of migraine attacks
develop over time [9].

Attempts to alleviate the suffering caused by migraine
over the centuries have been varied and encompass
treatments as primitive as trepanation of the skull, to
increasingly specific medications that act on receptor
subtypes implicated in the pathophysiology of migraine
[10]. Epidemiological and clinical studies of migraine have
highlighted the enormous economic and personal burden
it brings to workplace productivity and quality of life [11].
Increased awareness of migraine has given momentum
to well-designed studies of the physiological and clinical
characteristics of idiopathic primary headaches and the
development of progressively better informed classifica-
tion guidelines that provide a clear rationale for the selec-
tion of clinical treatment options [12]. Despite all of these
advances, nearly half of individuals with episodic or
chronic migraine who are in need of preventive therapies
do not receive them [13]. Even more disturbing, none of
the preventive medications currently available for the
treatment of episodic (e.g., topiramate, propranolol,
divalproex sodium, candesartan, etc.) or chronic migraine
(onabotulinum toxinA) have been developed for the
treatment of migraine. They were developed for other
indications and serendipitously were found to be effective
for migraine prevention.

Calcitonin gene-related peptide (CGRP) is a 37-amino
acid neuropeptide that is involved in different physiologi-
cal processes in humans. For a review of its role on
migraine pathophysiology, readers are referred to refer-
ences [14–17]. Since its description as playing a key role
in the pathophysiology of migraine, our knowledge on
CGRP has increased substantially, leading to a robust
015 The British Pharmacological Society
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interest in targeting CGRP to treat migraine. Clinical
proof-of-efficacy for the acute treatment of migraine
has been obtained with several small molecule CGRP re-
ceptor antagonists (CGRP-RAs) [18–20], but their devel-
opment has been complicated by signs of liver toxicity
associated with frequent use, or with formulation difficul-
ties [21, 22]. Therefore, much recent attention has been
given to the development of monoclonal antibodies
(mAbs) targeting the CGRP pathway. Herein we review
the current state of development in this area. We start
by briefly discussing the pathophysiology of migraine
and the relevance of CGRP. We follow by outlining the
clinical development of the three anti-CGRP and one
CGRP receptor antibodies currently in development.

CGRP as a migraine target and CGRP receptor
antagonists
Migraine initiates in the brain [23, 24], although animal
studies suggest that important events happen outside
of the central nervous system [25–27], which is amenable
to pharmacotherapy that does not require blood–brain
barrier penetration, such as mAbs [11].

Cortical [28–31] and subcortical events [32] are of
importance in migraine, and recent evidence suggests
that that key dysfunctions of migraine happen in the
brainstem, in areas involved with the modulation of
sensorial information [33, 34]. Migraine can develop with
pathology in the region of the peri-aqueductal grey
(PAG) [35, 36], or with a lesion of the pons [37, 38].

Following cortical changes, brainstem changes or
both, activation of the trigeminal system is thought
to occur [39]. When this system is activated, neuropep-
tides such as CGRP are released from peripheral nerve
endings in the cranium and face [40]. These neuropep-
tides act at peripheral sites and, as discussed below,
may play an important role in the generation and
maintenance of headache pain and possibly in other
migraine symptoms [41].

Following the activation of the trigeminal system,
CGRP is released at trigeminal nerve endings in the me-
ninges inducing vasodilation [42, 43] and activation of
sensory trigeminal pain neurons that innervate intracra-
nial blood vessels and the dura mater. It has been sug-
gested that local activation of these sensory nerves
involves dural mast cells as one factor in local inflamma-
tion, causing sensitization of meningeal nociceptors, al-
though expression of both CGRP receptor components
was not observed in human mast cells [44]. Nonetheless,
CGRP release leads to sensory nerve activation [45] since
peripheral CGRP-containing neurons (in the trigeminal
ganglion and elsewhere) are polymodal nociceptors that
innervate peripheral tissues and send primary afferent
input to the dorsal horn, trigeminal nucleus caudalis
(TNC), or nucleus of the solitary tract (which, in turn,
project to the brainstem, amygdala, hypothalamus and
thalamic nuclei) [46].
The initial approach of modulating CGRP function for
migraine therapy began with small molecules targeting
the CGRP receptor (CGRP-RAs). These molecules com-
pete with CGRP for a binding pocket or cleft produced
by the co-receptors, RAMP1 and CGRPR1. Reviews of
CGRP-RA clinical studies are provided by Edvinsson &
Linde [47], Silberstein [21] and Bigal et al. [48].

Five distinct CGRP-RAs have demonstrated proof of
efficacy for the acute treatment of migraine, but all were
discontinued for a variety of reasons, including concerns
of liver toxicity after frequent use [21, 22,49]. Nonethe-
less, in addition to demonstrating proof of concept for
the acute treatment of migraine, the CGRP-RA clinical
trials also demonstrated the extraordinary tolerability of
this class.

Anti-CGRP antibodies
As previously discussed, the migraine brain operates in a
delicate balance of many systems. Internal or external
triggers may upset the balance. The brainstem tone is in-
fluenced by cyclical processes in central, sensory and au-
tonomic systems [50]. CGRP is released peripherally
following activation of the trigeminovascular system by
migraine triggers, and CGRP acts on trigeminal nerves
to exacerbate peripheral sensory inputs to sensitized
central trigeminal pathways. Therefore, the brainstem
fails to modulate trigeminal nociceptive drive triggering
a migraine attack [51–53]. Anti-CGRP antibodies are
thought to remove the excessive CGRP that is released
at perivascular trigeminal sensory nerve fibres, while anti-
CGRP receptor antibodies block the receptor from signalling
[54]. The expectation is that by doing so, antibodies against
both the ligand and receptor would prevent CGRP-induced
activation of sensitized central trigeminal pathways,
therefore decreasing headache frequency over time.

mAbs have exquisite target specificity, thus
avoiding off-target toxicities common to small mole-
cules. In addition, most mAbs have reasonably long
terminal half-lives. This extended pharmacokinetic pro-
file results in less frequent dosing, which mitigates the
need for frequent oral dosing [55]. For example, while
typical migraine preventive medications need to be
dosed orally one to three times daily [56], a mAb ther-
apeutic might be administered once a month or even
less frequently.

From a safety and tolerability perspective, mAbs offer
great potential benefit over small molecules, whose met-
abolic profile in humans is often not fully understood
until clinical testing is underway. In many cases, toxico-
logical issues with mAbs are due to exaggerated pharma-
cology, not to off-target effects such as the liver toxicity
prevalent with the CGRP-RAs [57]. Since CGRP is a potent
vasodilator, four major cardiovascular effects are of
potential concern with CGRP inhibition, a priori,
medication-induced hypertension, counterbalancing
the effect of anti-hypertensive drugs that have vasodilatory
Br J Clin Pharmacol / 79:6 / 887
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properties, inhibition of stress- (or ischaemia-) induced
vasodilation, and impairment of cardioprotective mecha-
nisms. This topic has been reviewed elsewhere [48] and will
be detailed later in this manuscript.

There are some issues specific to the administration
of a mAb. These include infusion reactions, site admin-
istration reactions, as well as more systemic immuno-
logical effects. It is not uncommon for patients
treated with a biologic to experience an immune
response against the therapeutic protein. Most mono-
clonal antibodies are now composed of almost or en-
tirely human sequences, reducing the immunologic
liability. Nonetheless, anti-drug antibodies (ADA) need
to be screened for as their presence can neutralize
the effectiveness of the mAb by either directly interfer-
ing with the ability of the antibody to engage its
target or by reducing the effective concentration in
the blood by increasing the clearance rate. However,
unless the ADAs present a safety or efficacy risk, their
presence is generally of minimal concern. Given the
fact that three of the antibodies in development target
a soluble ligand, their relative safety risk should be
minimal. Nonetheless, the presence and characteristics
of ADAs are being investigated in phase 2 studies.
Should a patient experience an adverse reaction, the
extended half-life of the mAb could become a liability.
Discontinuation would not yield immediate clearance
of the molecule.

At the time of this writing, there are three mAbs
directed against CGRP in various stages of clinical
development, LY2951742, developed by Eli Lilly and
Co., ALD-403, developed by Alder Biopharmaceuticals
and TEV-48125 (LBR-101), developed by Teva Pharma-
ceuticals. In addition, there is one mAb against the CGRP
receptor complex in development by Amgen (AMG 334).
Table 1 contrasts relevant aspects of their development.
Table 1
Comparison of monoclonal antibodies targeting the CGRP pathway

ALD403 LY2951742

Target CGRP with a humanized antibody CGRP with a humaniz

t1/2 Around 32 days 25–30 days

Migraine state Episodic and chronic Episodic and chronic

Current development
phase

Finalized positive POC study with

a single dose level administered

once (Phase 2a) Currently

conducting dose-ranging

(Phase 2b).

Finalized positive POC

single dose level Curr

conducting dose-rang

(Phase 2b).

Form of administration
in phase 2

i.v.* s.c.

Phase 2 dosing
frequency

Monthly for s.c. and every

3 months for i.v.†

Twice per month (2a)

per month (2b)

*Announced plans to also develop a s.c. formulation. †Announced.
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All four companies have stated plans for development
in episodic and chronic migraine.

ALD-403
ALD-403 is a humanized antibody being developed by
Alder Biopharmaceuticals. A unique feature of this
programme is that the antibody is produced using yeast,
not mammalian cells. According to the company, the
process can yield faster production with subsequent
economic advantages and a different immunogenicity
profile [58].

ALD-403 was first tested in phase 1, in a two part,
placebo-controlled, single ascending dose study con-
ducted to evaluate the safety and tolerability of two
different formulations, administered subcutaneously
and intravenously. In the first part of the study, healthy
volunteers were enrolled and followed for 12 weeks after
a single ALD-403 administration, with pharmacokinetic
and pharmacodynamic assessments conducted. ALD-
403 displayed a half-life of approximately 32 days for
the 1000 mg dose and linear pharmacokinetics for doses
ranging from 1 to 1000 mg. Dose-related inhibition of
vasodilation induced by topically applied capsaicin was
observed [59]. In the second part of the study, ALD-403,
placebo or sumatriptan were administered, and no
impact on blood pressure was seen [59, 60], akin to what
had been seen in the development of CGRP-RAs [18]. In
the third part of the study, a s.c. formulation was tested
against the i.v. formulation and was found to have
around 70% bioequivalence [59].

Proof-of-concept was obtained in a phase 2a study,
where 163 participants with episodic migraine (who
had between 4–14 days of headache) received a single
1000 mg i.v. dose of ALD-403 or placebo and were
followed for 6 months. Participants were not allowed
any migraine preventive medication. After a 1 month
AMG 334 TEV-48125

ed antibody CGRP receptor with a human

antibody

CGRP with a fully humanized

antibody

Not disclosed Around 45 days

Episodic and chronic Episodic and chronic

study with

ently

ing

Dose-ranging (Phase 2b) Dose-ranging (Phase 2b)

s.c. s.c.

and once Once per month Once per month
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run in phase, patients were randomized in a 1: 1 ratio.
The primary end point was a decrease in the number of
migraine days (defined as a day fulfilling criteria for
migraine or probable migraine) in the second month
after treatment relative to baseline (before treatment).
This differs from trials conducted by other companies,
where the third month was selected for analysis, and
was likely driven by the fact that in this proof-of-concept
study the medication was given only once.

Participants had a mean age of around 39 years and
over 80% were women. They had, on average, 9–10 days
of headache per month, 8–9 of them qualifying for
migraine days. For the primary end point, participants
receiving ALD-403 had a decrease of 5.6 headache days
vs. 4.6 in the placebo group (P = 0.03). Results were also
significant at the end of month 1 (5.6 vs. 3.9, P < 0.01)
but not at month 3 (5.6 vs. 4.6). At any given month
post-randomization, around 75% of participants in the
ALD-403 group had more than 50% decrease in head-
ache frequency. For placebo, values ranged from 50%
to 67% depending on the month [61] (Table 2).

Adverse events were experienced by 46 (57%) of 81
patients in the ALD403 group and 43 (52%) of 82 in the
placebo group. The most frequent adverse events were
upper respiratory tract infection (placebo six [7%] pa-
tients vs. ALD403 seven [9%] patients), urinary tract
infection (four [5%] vs. one [1%]), fatigue (three [4%] vs.
three [4%]), back pain (four [5%] vs. three [4%]), arthralgia
(four [5%] vs. one [1%]), and nausea and vomiting (two
[2%] vs. three [4%]). Six serious adverse events were
reported by three patients and were judged to be unre-
lated to study drug [61].

Accordingly, ALD-403 successfully demonstrated effi-
cacy in this proof-of-concept study. Of note, when focus-
ing on the absolute efficacy of the compound, values are
quite remarkable (61% of participants having more than
50% improvement in migraine frequency over the 3
month period) [62]. However, the placebo rate was
Table 2
Proof-of-concept data for two anti-CGRP monoclonal antibodies

Decrease in migraine frequency (reduction in migraine days per month from baselin

1 month

2 months

3 months

Decrease in headache frequency (reduction in headache days per month from baseli

1 month

2 months

3 months

Any adverse events

*P ≤ 0.01; †P value not calculated; ‡P ≤ 0.05; §P ≤ 0.001
extremely high, and the therapeutic gain (placebo-
subtracted values) was less substantial and comparable
with available preventive medications. Factors contribut-
ing to the high placebo rate could be the exclusion of
more severely affected patients (those on preventive
medications not willing to discontinue it), the fact that
it was administered as an intravenous injection given
only one time, as well as the novelty of the therapeutic.

The company has announced plans to start phase 2b
in 2014, and at the time of writing one phase 2 study in
chronic migraine for ALD-403 is listed on clinicaltrials.
gov. In this study, the primary outcome measure will be
the change in migraine days from baseline to week 12.
Four different doses are being tested vs. placebo, all
delivered intravenously. The company also disclosed
plans to proceed with the development of ALD-403
formulated for intravenous (given every 3 months) and
subcutaneous (given every month) use [59].
AMG 334
Amgen’s antibody, AMG 334, is the only anti-CGRP
antibody that targets the CGRP receptor complex,
instead of the free ligand [63]. Several phase 1 studies
have been completed to test the safety and tolerability
of AMG 334. In one completed study, approximately 68
healthy subjects and migraine patients were adminis-
tered single ascending doses of AMG 334 by i.v. or s.c.
routes. Another phase 1 study tested multiple doses of
AMG 334 in both healthy subjects and migraine patients.
Three dose levels were examined, all administered via s.c.
injection, testing the safety, pharmacokinetics and
pharmacodynamics following multiple injections [64,
65]. Another phase 1 study was conducted in women
with hot flushes associated with menopause. Data have
not been disseminated for any of these trials.

AMG 334 transitioned directly from phase 1 to phase
2b. This mAb is being independently tested in episodic
ALD403 LY2951742

Drug Placebo Difference Drug Placebo Difference

e)

5.6 3.9 1.7§ 3.7 2.3 1.4*

5.6 4.6 1.0‡ 4.3 2.9 1.4†

5.6 4.6 1.0 4.2 3.0 1.2†

ne) Not reported

4.3 2.3 2.0§

4.6 3.7 0.9

4.9 3.7 1.2*

57% 52% 5% 72% 67% 5%

Br J Clin Pharmacol / 79:6 / 889
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and chronic migraine patients. In the episodic migraine
trial, three dose groups plus placebo are being tested,
and the medication is given subcutaneously once per
month. The primary end point for this study is the
change in monthly migraine days from baseline in the
last 4 weeks of a 12 week, double-blind treatment phase.
Eligible patients have had a history of migraine for at
least 12 months prior to screening and experience from
4 to 14 migraine days a month. At clinicaltrials.gov, the
final completion of the trial (efficacy and safety) was
estimated to be July 2015 [66].

AMG 334 is also being tested in patients with chronic
migraine. After a run-in phase, patients are randomized
to one of two doses of the medication or placebo, given
subcutaneously monthly for 3 months, followed by a 9
month, open label long term safety extension phase.
Estimated completion of this study is August 2016 [67,
68]. In both the episodic and chronic migraine trials, pa-
tients cannot be on preventive medications.

Very little is known about this compound, as no data
have been shared publically. An important discussion topic
is the use of receptor vs. ligand targets for mAbs. It could be
hypothesized that a mAb directed against a receptor may
result in complete blockade of signalling, compared with
incomplete blockade with a ligand mAb. In a recent debate
at the American Headache Society safety concerns were
raised about the ramifications of total signalling inhibition,
while the author of the presentation reported that no
safety or cardiovascular concerns have been seen with this
approach using AMG 334 [69].

LY2951742
LY2951742 is a humanized mAb anti-CGRP being devel-
oped by Eli Lilly and Co. Initial development of the
antibody was conducted by Arteaus Therapeutics The
LY2951742 phase 1 programme assessed 56 subjects. In
the first phase of the programme, the safety and tolera-
bility of LY2951742 was examined following escalating
single doses. After the initial phase was completed, a re-
peat dose expansion phase was initiated, where subjects
received repeat doses of LY2951742 every other week for
6 weeks. Safety, tolerability, PK and PD were assessed in
this phase of the study. LY2951742 was reported to be
well tolerated and showed linear PK with a t1/2 ranging
from 25–30 days and a tmax from 7–14 days for the s.c.
formulation [70]. Accordingly, the half-life of this com-
pound is in the lower range of the CGRP antibodies in
development.

Proof-of-concept (phase 2a) for the compound has
been concluded and data have been published in peer-
review medical journals [71]. The study was conducted
in 35 centres in the USA. Patients aged 18–65 years with
4 to 14 migraine headache days per month were
randomly assigned (1: 1) to LY2951742 or placebo.
LY2951742 (150 mg) or placebo were given as a s.c. injec-
tion once every 2 weeks for 12 weeks. The primary end
890 / 79:6 / Br J Clin Pharmacol
point was the mean change in number of migraine head-
ache days per 28 day period assessed at 9–12 weeks after
the start of therapy. Safety was assessed over 24 weeks,
including the 12 week treatment period and the subse-
quent 12 weeks after the end of study drug
administration.

For the primary end point, the mean change from
baseline to week 12 in the number of migraine headache
days was –4.2 days (62.5% decrease) in the LY2951742
group vs. –3·0 (42.3% decrease) in the placebo group
(P = 0.003) (Table 2). Secondary end points were equally
positive. Compared with the placebo group, subjects
receiving LY2951742 showed a greater reduction in the
number of headache days and the number of migraine
plus probable migraine headache days relative to
placebo. A 50% response rate at the third month was
achieved by 70.4% active vs. 45.2% placebo patients.
Quality of life and disability measurements improved
significantly more in those receiving active therapy [71].

Adverse events were reported to a similar extent in
both groups: 77 (72%) of 107 patients in the LY2951742
group and 74 (67%) of 110 patients in the placebo group.
The most common adverse events for both the
LY2951742 and placebo groups were upper respiratory
infections and viral infections. There were no serious
adverse events that were considered to be treatment-
related. Injection site reactions (mild pain or erythema)
seemed to be more common in those receiving active
treatment (20% vs. 6%).

There were no clinically important changes in labora-
tory parameters, ECGs or vital signs between the groups.

Anti-drug antibodies were detected in eight patients
at screening, and at the end of the study they were de-
tected in 20 patients. There are no mentions about
whether the antibodies were neutralizing to LY2951742,
or more likely to be associated with adverse events, rela-
tive to cases without anti-drug antibodies [71].

The company is currently conducting a large phase
2b study, where four different doses of LY2951742 are
being tested against placebo. Based on what is publically
disclosed, it is not clear whether the study is being con-
ducted in episodic migraine only, or in episodic and
chronic migraine. In contrast to phase 2a, where the
compound was given every 2 weeks, in this study it is
being given once per month. The double-blind phase
lasts for 3 months [72].

TEV-48125 (LBR-101)
TEV-48125 (LBR-101, formerly known as RN-307), is a fully
humanized anti-CGRP mAb, acquired by Teva from
Labrys Biologics. In contrast with the other mAbs in
development, TEV-48125 was developed for episodic
and chronic migraine from the start.

Among the studies conducted in the preclinical
development of TEV-48125 are two independent
monkey cardiovascular safety studies. In a single dose
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telemetry study, eight normotensive adult male cyno-
molgus monkeys were first administered vehicle only,
and telemetery data were collected beginning approxi-
mately 1 h pre-dose until 22 h post-dose. Six days after
vehicle administration, the same animals received a
single i.v. administration of TEV-48125 (100 mg kg–1)
and parameters were measured again. In a separate mul-
tiple dose safety study, 48 adult, gender-matched cyno-
molgus monkeys received vehicle or TEV-48125 as an
intravenous injection once weekly for 14 weeks at doses
of 10 mg kg–1, 100 mg kg–1 or 300 mg kg–1. In each
group, two animals of each gender were allowed to re-
cover for an additional 4 months following the end of
dosing. In both of these studies, no relevant changes
were noted in systolic or diastolic blood pressure rela-
tive to vehicle-treated animals. Group mean heart rates
were relatively consistent across the dose groups and
time points measured, with no statistical differences
measured (Figure 1) suggesting that at least in mon-
keys, cardiovascular and haemodynamic parameters
do not appear to be affected by potent long term in-
hibition of CGRP [73].

The i.v. clinical pharmacokinetics of TEV-48125 have
been studied in five different phase 1 trials with doses
ranging from 10 to 2000 mg as 1 h i.v. infusions [74].
Maximum plasma concentrations (Cmax) were reached
shortly after the end of infusion. The terminal half-life
(t½) ranged from 39.4 to 48.3 days and the increase in
area under the curve appeared to be greater than
dose proportional between 10 and 30 mg and to be
Figure 1
Haemodynamic data from a 14 week, repeat dose study of TEV-48125 (LBR
systolic blood pressure; B: diastolic blood pressure; C: heart rate; D: time–concen
10 mg kg–1, 100 mg kg–1, 300 mg kg–1. Week 1 10 mg kg–1, 100 mg kg–1, 300 m
approximately dose proportional between 30 and
1000 mg. The s.c. clinical PK were characterized in a
separate phase 1 study. Accordingly, TEV-48125 has the
longest half-life among the anti-CGRP antibodies [75].

As an i.v. formulation, TEV-48125 was administered to
94 subjects, while 45 received placebo. Doses ranged
from 0.2 mg to 2000 mg given once (day 1) as a single
i.v. infusion, or up to 300 mg given twice (day 1 and
day 14) [74]. Across the broad range of doses, i.v. TEV-
48125 was well tolerated and overt safety findings did
not emerge. Participants receiving placebo reported an
average of 1.3 treatment-emergent AEs (related or not
to study medication). Across all TEV-48125 doses,
treatment-related adverse events (TRAEs) happened in
21.2% of subjects receiving TEV-48125, compared with
17.7% in those receiving placebo. At doses of 100 mg
TEV-48125 or higher, TRAEs happened in 22.4% of partic-
ipants. At doses of 1000 mg or higher, they happened in
21.7% of participants (Figure 2) [74].

Clinical laboratory findings were similar across
placebo and TEV-48125. In particular, liver function
abnormalities were not observed for aspartate amino-
transferase (AST), alanine aminotransferase (ALT), total
bilirubin, alkaline phosphatase or gamma-glutamyl
transferase (GGT) among subjects receiving any of the
studied doses of TEV-48125 [74].

The sustained haemodynamic effects of CGRP inhibi-
tion following TEV-48125 were assessed via a double-
blind, placebo controlled, single dose, dose escalation
study, where 31 women (mean age = 56 years) were
-101) in monkeys. Data are shown with 95% confidence intervals. A:
tration profile at weeks 1 and 13. Modified from reference [73]. Vehicle,
g kg–1, Week 13 10 mg kg–1, 100 mg kg–1, 300 mg kg–1

Br J Clin Pharmacol / 79:6 / 891



Figure 2
Cardiovascular parameters in subjects receiving TEV-48125 (LBR-10) or placebo. Footnote: Data from phase 1 study of TEV-48125 in normal, healthy
women volunteers. TEV-48125 or placebo was delivered as a 1 h i.v. infusion. Means are shown ± SD. placebo, LBR-10

M. E. Bigal et al.
randomized to receive placebo or TEV-48125 (1 h i.v. in-
fusion) at doses ranging from 300 to 2000 mg. The latter
represents a supra-therapeutic exposure. Participants
were confined for 7 days and followed after discharge
for 168 days. Continuous cardiac telemetry was initiated
2 h before infusion and continued until 8 h after comple-
tion of infusion. All physical and haemodynamic assess-
ments and ECGs were conducted six times during day
1, daily during the first 3 days of confinement, 1 week af-
ter discharge (day 14), and then 1, 2 and 3 months after
infusion. No clinically relevant changes in systolic or
diastolic blood pressure, heart rate, or ECG parameters
(RR, PR, QRS intervals or QTcF ) were observed when
comparing baseline vs. post-dose time points, or
between groups for any parameter or time-point tmax

(Figure 2) [76].
TEV-48125 is currently being investigated in two ded-

icated phase 2b studies, one in high frequency episodic
migraine and one in chronic migraine. Four dosing para-
digms are being investigated. Both studies have a paral-
lel design, a 1 month run-in phase followed by
randomization and monthly s.c. injections for 3 months.
Estimated primary completion is in the first quarter of
2015. Of notice, the episodic migraine study testing
TEV-48125 included a population with a higher fre-
quency of attacks [8–14] relative to the other CGRP
mAb trials. The trials have not excluded participants on
preventive medication, in an attempt to capture a
892 / 79:6 / Br J Clin Pharmacol
population as close as possible to real life paradigms.
Of course, a potential risk to this strategy is that these
patients may be more severely affected than those not
using preventive medications. However, we expect many
patients in this category are in great need of an effective
migraine preventive medication.
Conclusion

CGRP is a well-studied, ubiquitous neuropeptide found
both centrally and peripherally at the very centres of
the migraine process. The development of mAbs to CGRP
and its receptor represents an incredible example of
translational research. Over 20 years of intense research
on the target translated into what may be the first class
of medications being developed specifically for the pre-
vention of migraine in over 50 years [77]. Four monoclo-
nal antibodies are currently being developed for episodic
and chronic migraine. Proof-of-efficacy has been
obtained and so far no safety concerns have emerged.
Relevant cardiovascular effects have not been reported.
Based upon the emerging data, mAbs targeting the
CGRP pathway are a promising novel drug class that
may provide a valuable new option for clinicians aiming
to relieve the burden of individuals with episodic or
chronic migraine.
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