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Migraine is a common primary headache disorder 
characterized by recurrent attacks of throbbing 
pain, associated symptoms (nausea, vomiting, photo 

and phonophobia), a heightened sensitivity to stimuli, and 
other neurological symptoms. Migraine affects about 11 to 
12 percent of the American and global population, mak-
ing it the third most common disease worldwide. Chronic 
migraine, defined as 15 or more headache days per month 
(of which eight are migraine), affects nearly one percent 
of the population.1-4 Migraine results in enormous impact 
on headache-related disability, quality of life, and medical 
resource utilization.5-7

Many treatments are available for migraine, but no drug 
has made a more significant impact on acute treatment than 
triptans. Triptans are a class of medications which bind and 
stimulate serotonin receptors and are highly efficacious in abort-
ing a migraine attack.8 Tripans work by inhibiting the activity 
of the trigeminal nerve and its’ connections with the brain. Its 
role in constriction of cerebral blood vessels is controversial.9 
Following triptans, another groundbreaking development in 
migraine treatment was the use onabotulinumtoxinA for 
chronic migraine prevention which significantly improved qual-
ity of life.10,11 Recently, momentum has shifted toward develop-
ment of the monoclonal antibody (mAb) directed at calcitonin 
gene-related peptide (CGRP) and its’ receptor, for the treatment 
of migraine and cluster headache.

Ahead, we will offer and overview of mAbs and the 
research currently being conducted for the use of mAbs in 
headache disorders.

CGRP AND MIGRAINE
First described in the early 1980s, CGRP is a 37 amino 

acid peptide, which is ubiquitously found in the central 

and peripheral nervous system. It is produced in two forms, 
alpha-CGRP and beta-CGRP.12 Cells produce alpha-CGRP by 
an alternate processing of the RNA responsible for calcito-
nin, hence the name. Despite the similar origin, CGRP has a 
unique function compared to calcitonin, which is primarily 
involved in calcium and bone metabolism. CGRP has long 
been proposed to play a integral role in nociception and 
the modulation of pain pathways in headache disorders.13 
CGRP is a potent cerebral vasodilator and key molecule in 
the mediation of pain transmission in the trigeminovascular 
system as well as the pain pathways between the brain-
stem, thalamus and cortex.13-15 Elevated CGRP levels have 
been measured in migraine patients compared to healthy 
controls and CGRP infusion can induce migraine attacks in 
the experimental setting.16,17 The motivation for developing 
drugs targeting CGRP and its’ receptor has been based on 
these observations. 

There are two types of drugs that have been developed to 
inhibit the action of CGRP. Several small molecules, termed 
“gepants,” were developed to target the CGRP receptor for 
acute and later preventive migraine treatment. These small 
molecules can cross the blood-brain barrier. They are similar 
in mechanism and efficacy to the triptans in treating acute 
migraine without the adverse effect of coronary vasocon-
striction. However, development of these drugs has been 
met with roadblocks to adverse side effects such as hepato-
toxicity or inadequate bioavailability. New gepants are now 
under development.

Therapeutic mAbs have the unique advantage of high 
target specificity, which decreases adverse side effects from 
binding outside of the intended target. In 1986, muro-
monab, was the first monoclonal antibody approved by the 
FDA.18 Currently, there are over 30 therapeutic mAbs avail-
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able in the US and Europe.19 Monoclonal antibodies have 
been developed for the treatment of cancer, inflammatory 
diseases, and transplant rejection. The use of mAbs in neu-
rology has been limited to multiple sclerosis, thus many neu-
rologists have limited exposure to and knowledge of mAbs.  

THE BIOLOGY OF AN ANTIBODY
Antibodies are globulin proteins, termed immunoglobu-

lins (Ig), produced by B cells to target an antigen (a molecule 
capable of inducing an immune response). Antigens stimu-
late antibody production. There are five classes of antibod-
ies: IgG, IgM, IgA, IgD, and IgE. IgG comprises 75 percent 
of serum immunoglobulins. Antibodies generally have a Y 
shape composed of two heavy chains and two light chains. 
The type of heavy chain determines the class of antibody.20 
One end of the antibody is composed of both the heavy 
and light chain, is termed the fragment antigen-binding 
(Fab) arm. The end of the Fab arm contains the variable 
region of the antibody, which is responsible for selectivity to 
binding particular antigens. The Fab arm binds foreign pro-
tein at a site termed the epitope of the antigen. The specific 
region of the Fab that directly contacts the epitope is called 
the complementarity-determining region (CDR).21 The other 
end of the antibody is composed of only heavy chains and 
is termed the fragment crystallizable (Fc) arm. The Fc arm 
only has constant regions. The Fc arm binds the surface of 
host immune cells to trigger an immune reaction, known 
as effector function,22 which leads to antigen elimination.23 
(See Figure 1)

Different clones of B cells produce different antibodies. 
Since each B cell produces its own unique antibody, this 
results in multiple different antibodies (polyclonal antibod-
ies). The exception is B cell tumors, known as myelomas, 
which produce identical antibodies from clones of a single 

B cell (monoclonal antibodies). Monoclonal antibodies can 
be produced synthetically be the creation of hybridoma 
cells. These were first produced by immunizing mice with 
a particular antigen then culturing spleen cells from the 
immunized mouse with myeloma cells from another mouse. 
The cells fuse and reproduced indefinitely, resulting in the 
generation of large amounts of antibodies targeted at the 
intended antigen.20 Monoclonal antibodies derived from 
mice are called “murine” mAbs. Given that murine mAbs are 
completely foreign proteins, problems arise when used ther-
apeutically in humans, including allergic reactions and the 
formation of anti-drug antibodies (ADAs). This propensity 
for a drug to generate ADAs is referred to as immunogenic-
ity.21 Also problematic is that murine mAbs are metabolized 
quickly. This is due to weak binding of the antibody to the 
neonatal Fc receptor (FcRn), a molecule that protects IgG 
from being broken down.24

The next step to improve the safety and tolerability of the 
antibody was to develop more human antibodies. Scientists 
used genetic engineering to develop “chimeric” antibodies, 
meaning approximately 65 percent human-derived and the 
rest mouse-derived. In a chimeric mAb, the constant region, 
responsible for binding the human cell human-derived, 
and the variable region, responsible for binding the foreign 
antigen, is mouse-derived.25 Further developments lead to 
the creation of humanized mAbs in which only part (CDR 
region) of the variable region of the Fab arm is mouse-
derived, the rest, approximately 90 percent, human-derived. 
Now technology has allowed for the development of 100 
percent, or “fully human” mAbs, derived from genetically 
modified mice using antibody engineering. Fully human 
mAbs have the lowest potential for immunogenicity.26 The 
WHO developed a nomenclature system for naming mAbs, 
with the following suffixes: “-momab” for mouse mAbs, 
“-ximab” for chimeric mAbs,  “-zumab” for humanized 
mAbs, and “-humab” for fully human mAbs (See Figure 1).27

The metabolism of mAbs is different that of small mol-
ecule drugs. The mAbs cannot be filtered by the kidneys 
or excreted in the urine due to their large molecular size. 
Instead mAbs are engulfed, or phagocytosed, by immune 
cells called macrophages and monocytes, which make up 
the reticuloendothelial system (RES). This is the primary 
mode of metabolism. Internal binding to the neonatal Fc 
receptor allows the mAb to be recycled to the cell surface. 
Monoclonal antibodies have to be given parenterally (IV, 
SQ, or IM). Since they have a half-life of about one month 
they can be administered much less frequently than small 
molecule drugs.

MONOCLONAL ANTIBODIES FOR MIGRAINE
Most migraine prevention treatments were originally 

developed for other indications, such as anti-epileptic drugs 

Figure 1 – Antibody Structure*
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(AEDs), cardiac medications, anti-depressants, and onabotu-
linumtoxinA. The CGRP mAbs are the first drugs developed 
specifically for migraine prevention. Currently four CGRP 
monoclonal antibodies are being studied in phase 2 and 3 
clinical trials. Three of these mAbs are directed at the ligand 
and one is directed at the CGRP receptor (See Table-1 com-
parison of the four CGRP mAbs). 

Galcanezumab/LY2951742. Galcanezumab, or LY2951742, 
originally developed by Arteaus Therapeutics and subse-
quently acquired by Eli Lilly and Company, is a humanized 
CGRP mAb targeted at the ligand. It was studied in a phase 
2, randomized, double-blind, placebo controlled study of 
patients with migraine four to 14 days per 28 days. Primary 

endpoint was mean change in mean headache days per 
month assessed at nine to 12 weeks. Galcanezumab was 
administered as subcutaneous injection once every two weeks 
for 12 weeks. The mean change in migraine days per 28 days 
was -4.2 or 63 percent, vs. -3 or 42 percent in placebo. Adverse 
events included injection site pain or erythema, upper respi-
ratory tract infection, and abdominal pain, with no serious 
adverse events related to the study drug.28 Currently Eli Lilly is 
recruiting for two separate phase 3 studies for Galcanezumab, 
randomized, double-blind, placebo-controlled studies for epi-
sodic migraine (EVOLVE-2) and chronic migraine (REGAIN). 

ALD403. ALD403, developed by Alder 
Biopharmaceuticals, is a humanized CGRP ligand mAb 

TABLE 1 – COMPARISON OF CGRP MONOCLONAL ANTIBODIES

Name And Type 
of mAb

Target Administration Type of 
Migraine 
Studied

Outcomes Adverse Effects

Galcanezumab 
or LY2951742, 
Humanized28

CGRP 
ligand

SQ injection 
once every 2 
weeks for 12 
weeks

Migraine 4-14 
days per 28 
days

Change in monthly migraine 
days: 
-4.2 with LY2951742 versus -3 
with placebo

Injection site pain or ery-
thema, upper respiratory tract 
infection, and abdominal pain

ALD403, 
Humanized29

CGRP 
ligand

Single IV dose EM: 5-14 
migraine days 
per 28-days

CM: 15+ head-
ache days per 
month (8+ 
migrainous)

EM: Change in monthly 
migraine days: 
-5.6 days with ALD403 versus 
-4.6 days with placebo

CM: 75% responder rate 
week 1-12: 27-33% with 
ALD403 versus 21% with 
placebo

Upper respiratory tract infec-
tion, sinusitis, nasopharyngitis, 
urinary tract infection, fatigue, 
back pain, arthralgia, nausea, 
dizziness, vomiting

TEV48125, 
Humanized31,32

CGRP 
ligand 

SQ injection 
every 28 days

CM: 15+ 
migraine days 
per month and 

EM: 8-14 
migraine days 
per month

For CM study, change in 
migraine days:  -6.3 with 
TEV48125 versus -3.5 with 
placebo 

For EM study, mean change 
in headache hours: -67.5 
hours with TEV48125 versus 
-37.1 hours with placebo

Mild injection-site pain and 
pruritus

Erenumab, or 
AMG334, 
Fully human33

CGRP 
receptor 

Monthly SQ 
injections

4-14 migraine 
days per 
month

Change in monthly migraine 
days:  -3.4 days with AMG334 
versus -2.3 days with placebo

Nasopharyngitis, fatigue, and 
headache
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studied in a phase 2 randomized, double-blind, placebo-
controlled trial for the prevention of frequent episodic 
migraine (five to 14 migraine days per 28-days). Patients 
were randomized to a single 1000 mg dose of intravenous 
ALD403 or placebo. The primary efficacy endpoint was 
change in frequency of migraine days from baseline to five 
to eight weeks, and was -5.6 days for ALD403 compared to 
-4.6 days in the placebo group. The most frequent adverse 
events were upper respiratory tract infection, urinary tract 
infection, fatigue, back pain, arthralgia, nausea and vomit-
ing. There were no serious adverse events related to the 
study drug.29 

ALD403 was also studied in a randomized, double-blind, 
placebo-controlled trial of ALD403, an anti-CGRP antibody 
in the prevention of chronic migraine (15 to 28 headache 
days per month, with at least eight days of which were 
migraine days). Patients were randomized to a single IV 
dose of 300 mg, 100 mg, 30 mg, 10 mg, or placebo. Primary 
endpoint was 75 percent responder rate for weeks 1 to 12, 
and was 33 percent in 300 mg group, 31 percent in 100 
mg group, 28 percent in 30 mg group, 27 percent in 10 mg 
group and 21 percent in placebo group. The most com-
mon adverse event was upper respiratory tract infection, at 
10 percent, followed by nasopharyngitis, nausea, sinusitis, 
dizziness, and bronchitis. No serious adverse events related 
to the study drug were reported. ALD403 is proceeding to 
phase 3 trials for chronic migraine (PROMISE 2) and fre-
quent episodic migraine (PROMISE 1) as well as trials for SC 
and IM administrations of ALD403 every three months 
following phase 1 results warranting further study.30

TEV48125. TEV48125, owned by Teva Pharmaceuticals, 
originally developed by Labrys Biologics: Pfizer as LBR101, is 
a humanized CGRP ligand mAb. TEV48125 was studied for 
prevention of chronic migraine and high-frequency episodic 
migraine (eight to 14 migraine days per month) in two sepa-
rate randomized, double-blind, placebo-controlled phase 2 
trials. In the high frequency episodic migraine trial, patients 
were randomized to subcutaneous injections of TEV48125 
225 mg, 625 mg, or placebo every 28 days, for three cycles 

in both studies. For the high-frequency episodic migraine 
study, the primary efficacy endpoint was change in migraine 
days in weeks nine to 12 compared to baseline. The change 
in migraine days was -6.3 for the 225 mg group vs. -6.1 in the 
675 mg group and -3.5 in the placebo group. The second-
ary endpoint was change in headache days. The difference 
in change in headache days was -2.6 between the placebo 
group and the 225 mg group and -2.6 days between the pla-
cebo group and the 675 mg group.31

In the TEV48125 study for chronic migraine, patients were 
randomized to three 28-day cycles of one cycle of 675 mg 
of subcutaneous TEV48125 followed by two cycles of 225 
mg, 900 mg for three cycles, or placebo. The primary efficacy 
endpoint was change from baseline in headache-hours dur-
ing third treatment cycle. The mean change in headache 
hours at weeks 9 to 12 was -60 hours for the 675/225 mg 
group, -67.5 hours in the 900 mg group and -37.1 hours in 
the placebo group. The most common adverse reactions 
were mild injection-site pain and pruritus. No serious treat-
ment related adverse events occurred.32 Patients are cur-
rently being recruited for two separate phase 3 TEV48125 
trials for episodic and chronic migraine.

Erenumab/AMG334. Finally, Erenumab, or AMG334, 
co-developed by Amgen, Inc. and Novartis, is a fully human 
mAb to the CGRP receptor, in contrast to the other three 
CGRP mAbs, which are humanized and targeted to the 
ligand. Erenumab was studied in a randomized, double-
blind, placebo-controlled phase 2 trial for episodic migraine 
(four to 14 migraine days per month) prevention. Patients 
were randomized to monthly subcutaneous AMG334 7 mg, 
21 mg, 70 mg, or placebo. The primary endpoint was mean 
change in monthly migraine days at week 12 from baseline. 
The mean change in monthly migraine days at week 12 was 
-3.4 days with AMG334 70 mg versus -2.3 days with placebo. 
Differences in outcomes for the 7 mg and 21 mg doses com-
pared to placebo was not significant. The most frequently 
adverse events were nasopharyngitis, fatigue, and headache. 
No serious treatment related adverse events occurred.33

Though unpublished, Novartis has presented results from 
a randomized, 12-week, double-blind, placebo-controlled 
study of AMG334 for chronic migraine. Patients were ran-
domized to three cycles of monthly subcutaneous injections 
of AMG334 70 mg, 140 mg, or placebo. The primary end-
point, change in monthly migraine days, assessed at weeks 
9 to 12, was -6.6 days in 70 mg and 140 mg group, com-
pared to -4.2 days in the placebo group. Change in monthly 
headache hours, assessed as secondary endpoint was -64.8 
hours for 70 mg, -74.5 hours for 140 mg, and -55.2 hours 
for placebo.34 A phase 3 trial is currently being conducted 
on AMG334 for the prevention of chronic migraine (ARISE 
trial).35

“The availability of an agent 
designed specifically for migraine, 

may serve to provide a sense of 
legitimacy and hope to the millions 

of people living with migraine.”
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CONCLUSION
CGRP has long been implicated to play an important 

role in migraine. Based on decades of research, the suc-
cessful development of CGRP mAbs for migraine marks a 
long-awaited breakthrough in migraine treatment. CGRP 
mAbs are the first agents developed specifically for migraine 
prevention and have demonstrated promising efficacy in 
clinical trials. Migraine is a debilitating and often stigmatiz-
ing condition, in which patients are frequently treated with 
medications reappropriated from other indications, such as 
anti-depressants. Thus, the availability of an agent designed 
specifically for migraine, may serve to provide a sense of 
legitimacy and hope to the millions of people living with 
migraine.

Although the CGRP mAbs have been therapeutically 
promising, several factors may serve as a barrier to use of 
these agents. Wide accessibility and inconvenience is of 
concern, as these agents will be expensive, non-oral, and per-
haps requiring a headache specialist or a headache specialty 
center for in-office administration. 

Despite these barriers, great potential for impact on the 
medical field remains. The large amount of publicity gener-
ated by the success of these agents may lead to a height-
ened awareness and accelerated development of preventive 
migraine therapies designed for specific biological targets. 
The potential spectrum of use for CGRP mAbs outside of 
migraine is yet to be seen. Now being studied also for treat-
ment of cluster headache, a disease notorious for lack of 
efficacious treatment options, CGRP mAbs may be useful in 
other non-headache conditions. Continued success of these 
agents may motivate drug developers to pursue novel thera-
pies for other challenging pain conditions such as fibromy-
algia or intractable back pain. Certainly practitioners await 
the availability of these agents with great anticipation during 
what marks a very exciting time for migraine research and 
an innovative step toward improving the quality of life for 
our patients. n
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“Wide accessibility and 
inconvenience is of concern, as 
these agents will be expensive, 

non-oral, and perhaps requiring a 
headache specialist or a headache 

specialty center for in-office 
administration.”


