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Abstract:Migraine is a highly disabling neurological condition, and preventative treatment still 

remains problematic, due to aspecificity of the majority of the currently available prophylactic 

drugs. Calcitonin-gene-related peptide (CGRP) plays a crucial role in migraine pathophysiology; 

agents aimed at blocking its activity have, therefore, been developed in recent years, among 

which are monoclonal antibodies (mAbs) against CGRP, to prevent migraine. Erenumab is 

the only mAb that targets the CGRP receptor instead of the ligand, with high specificity and 

affinity of binding. This review will report on the most recent data on erenumab characteristics 

and on the results of clinical trials on its employment in the prevention of episodic migraine 

(4–14 monthly migraine days): one Phase II and two Phase III trials (completed) and one Phase 

III trial (ongoing). Monthly subcutaneous administration (70 mg or 140 mg) of erenumab vs 

placebo for 3–6 months showed significantly higher efficacy in reducing the mean monthly 

number of migraine days and the use of migraine-specific medication, and in decreasing physical 

impairment and impact of migraine on everyday activities (P<0.001). A favorable safety profile 

was demonstrated by the lack of significant differences in the occurrence of adverse events in 

erenumab-treated vs placebo-treated patients. Global results so far obtained point to erenumab 

as a new promising candidate for the preventative treatment of episodic migraine. Licence 

applications for erenumab were recently submitted to the Food and Drug Administration in the 

USA and European Medicines Agency in Europe (May/June 2017). 
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Introduction
Migraine is a condition of recurrent pain episodes with highly disabling characterstics. 

Each episode has a duration of 4–72 hours; the pain, most often pulsating in quality 

and unilateral in location, is moderate to severe in intensity, aggravated by physical 

activity and typically accompanied by nausea and/or vomiting and phonophobia and 

photophobia. During the attack, the patient tends to isolate from any social context, 

most often lying in bed until resolution of the symptoms.1 In the episodic form, the fre-

quency of attacks is crucial in determining the burden of the disease and the therapeutic 

approach: low frequencies (1–3/month) can be handled with abortive medications only 

(eg, triptans, analgesics, non-steroidal-antiinflammatory drugs) and higher frequencies 

(4–14/month) necessarily need prophylactic medications in addition to symptomatics 

in order to prevent chronification (≥15 headache days/month).2  Chronicity is then par-

ticularly problematic as very few preventative medications work in this phase and often 

Correspondence: Maria Adele 
Giamberardino
Headache Center, SS. Annunziata 
Hospital, via dei vestini s.n., 66100 
Chieti, italy
Tel/fax +39 0871 541207
email mag@unich.it

Journal name: Journal of Pain Research 
Article Designation: Review
Year: 2017
Volume: 10
Running head verso: Giamberardino et al
Running head recto: Erenumab in episodic migraine
DOI: http://dx.doi.org/10.2147/JPR.S128143

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2752

Giamberardino et al

abuse of symptomatics occurs, leading to the complication of 

medication overuse headache and to an exponential increase 

of drug-related risks (eg, cardiocerebrovascular events and 

renal and gastrointestinal adverse events [AEs]).3–7

The current available options for prophylaxis include 

different drug classes, ie, calcium channel blockers (eg, 

flunarizine and cinnarizine), beta-blockers (eg, propanolol), 

and other antihypertensive compounds (eg, angiotensin-

converting enzyme inhibitors and aldosterone receptor 

blockers), tricyclic antidepressants (eg, amitryptiline), or 

antiepileptic drugs (eg, topiramate and divalproex sodium).2 

The vast majority of these drugs are, however, non-specific, 

ie, primarily designed for other indications, and in prolonged 

administration – as required for migraine prevention – can 

have numerous side effects and possible interactions with 

other medications in comorbid patients.8 Migraine, in fact, 

very often co-exists with a number of other medical condi-

tions, ranging from psychiatric disorders, cardiovascular 

diseases, myofascial pain syndromes, fibromyalgia, to numer-

ous forms of visceral pain, among which pelvic pain from 

endometriosis, primary dysmenorrhea, and irritable bowel 

syndrome, all often require concomitant medications.7,9–14 In 

addition, the percentage of unsatisfactory response to these 

preventative treatments remains high especially in migraine 

at a high frequency of attacks.2 An imperative need, there-

fore, exists for more specific prophylactic agents, which are 

mechanism-based. 

Calcitonin-gene-related peptide (CGRP) has been 

shown to play a crucial role in migraine pathophysiology; 

in recent years, agents directed at blocking CGRP activity, 

such as CGRP receptor antagonists or monoclonal antibod-

ies (mAbs), have thus gained exponential importance as 

potential preventative treatments of the condition.15–17 In 

this context, erenumab (AMG334, co-developed by Amgen 

and Novartis) holds a prominent place, being the only mAb 

against the CGRP receptor rather than against the ligand.18,19 

After a premise on the role of CGRP and its receptor in the 

generation of migraine pain, this review will focus on the 

pharmacology, mode of action, and pharmacokinetics of 

erenumab and then report the results of the clinical trials so 

far performed with this mAb in the prevention of episodic 

migraine. 

CGRP, its receptor, and migraine 
pain
CGRP, a 37-amino acid peptide discovered 30 years ago,20 

is part of the calcitonin family of peptides, together with 

calcitonin, amylin, and adrenomedullin. In humans, it exists 

in two major forms: a-CGRP, implicated in migraine, is 

expressed in sensory neurons of the dorsal root ganglia, in 

the trigeminal system, and vagal ganglia, while b-CGRP 

is primarily expressed in the enteric nervous system.17,21–25

CGRP not only has a potent vasodilating action, mediated 

by the receptors in smooth muscles, but also has a pronoci-

ceptive action exerted through enhancement of substance P 

release from primary afferent terminals and modulation of 

the synaptic transmission of glutamate.26–29

Its role in migraine was originally entirely ascribed to its 

vasodilating action at the level of the intracranial arteries.30 

In migraineurs, CGRP intravenously administered can, in 

fact, trigger a migraine-like attack after 2–4 hours,31–34 dur-

ing which dilation is evidenced in both the middle meningeal 

artery and the middle cerebral artery; this migraine-like 

episode is resolved by administration of sumatriptan.31 In 

non-migraine patients, intravenous CGRP only produces an 

initial mild headache without the characteristics of experi-

mentally induced migraine.32,35

In recent times, however, it has become clear that the 

CGRP role in migraine goes far beyond its vascular action; 

the peptide, in fact, modulates neuronal excitability, par-

ticularly facilitating pain responses in the trigeminal system 

and trigeminal nucleus caudalis,36–38 being thus implicated 

in mechanisms of both peripheral and central sensitizations 

underlying migraine pain.39

Neurogenic inflammation participates in peripheral sensi-

tization and CGRP is involved in the entire process, thanks to 

its vasodilator property and its ability to increase the release 

of substance P, which induces plasma extravasation.40 Another 

mechanism through which the peptide contributes to the 

phenomenon is through promotion of mast cell degranula-

tion which results in the release of a number of inflammatory 

and proinflammatory substances.41 By binding to its glial 

receptors, CGRP furthermore promotes release of cytokines 

in the trigeminal ganglia and nerve, which in turn produces 

sensitization of sensory neurons.42,43

The role of CGRP has also been suggested in cortical 

spreading drepression (CSD), underlying the aura phenom-

enon.44 CSD can activate meningeal nociceptors, producing 

CGRP release from the peripheral terminals of the pia and 

consequent neurogenic inflammation and the initial response 

of transient hyperemia.45 CGRP also seems to be implicated 

in other migraine-related phenomena, in addition to pain, 

eg, photophobia46,47 and gastrointestinal symptoms, such as 

nausea.48

The involvement of CGRP in the pathophysiology of a 

migraine attack is also supported by numerous other data. 
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Stimulation of the trigeminal ganglion in humans and cats 

produces CGRP release;49 in the course of a spontaneous 

migraine attack, CGRP levels are increased in the jugular 

outflow50 and in saliva51 with their reduction after adminis-

tration of triptans.52 CGRP serum levels are also elevated in 

between attacks in episodic53 and chronic migraine;54 this 

has led to the hypothesis that the peptide could represent a 

biomarker of the condition.

Based on all these elements, CGRP has produced increas-

ing interest as a possible target for compounds devoted to 

migraine control.19,55,56 Receptor antagonists were first devel-

oped, which compete with CGRP at the receptos sites. They 

showed promising results but the production of most of them 

had to be discontinued due to liver toxicity.2,55,57

mAbs against CGRP were then developed. Three of these 

macromolecules target the peptide. These are: ALD-403 

(Alder BioPharmaceuticals, Bothell, WA, USA), LY2951742 

(developed by Arteaus Therapeutics, Cambridge, MA, USA, 

with rights acquired by Eli Lilly and Co., Indianapolis, IN, 

USA), and LBR-101, now TEV-48125 (developed by Labrys 

Biologics-Pfizer, San Francisco, CA, USA, then acquired 

by Teva Pharmaceuticals, Petah Tikva, Israel). AMG334 

(Amgen, Inc., Thousand Oaks, CA, USA; Novartis, Basel, 

Switzerland), ie, erenumab, is the only compound of the class 

that targets the receptor instead of the ligand.19,58

All mAbs have a preferential peripheral site of action (at 

sites involved in migraine generation); therefore, given their 

large size, only 0.1–0.5% of them pass the blood–brain bar-

rier.55,56 They have several advantages, such as target specific-

ity and prolonged half-life, which make them suitable for 

monthly administration in preventing migraine. They have 

also been shown to be deprived of significant hepatotoxic-

ity. Initially, there was concern about employment of these 

compounds because of their blocking action of the vasodilat-

ing activity of CGRP, potentially involving cardiovascular 

repercussions (eg, inhibition of cardioprotective mechanisms 

during ischemia, or the triggering of medication-induced 

hypertension).19 However, various preclinical studies 

(monkeys and rats) so far performed have shown that even 

long-term inhibition of CGRP with mAbs does not produce 

relevant electrocardiogram or hemodynamic changes.18,58–60 

Also human studies have shown no significant cardiovascular 

side effects or changes in the results of laboratory tests.61

Several clinical studies have been conducted with all the 

molecules, showing promising results in migraine preven-

tion.18,62,63 Here we will concentrate on erenumab, which, 

as already stated, is the only mAb acting specifically on the 

receptor, instead on the free ligand. The theoretic advantage 

of an mAb targeting the receptor instead of the ligand is 

based on its higher specificity. This should involve a reduction 

of the side-effects, particularly long-term ones, linked to a 

complete blockade of CGRP action. So far, however, specific 

data comparing the effects vs side effects of mAbs targeting 

the ligand vs the receptor are still lacking; therefore, this 

assumption needs to be verified in future studies.

The CGRP receptor
The CGRP receptor complex is located at sites that are 

crucial to the triggering of migraine, including the cerebro-

vasculature, trigeminocervical complex in the brainstem, 

and the trigeminal ganglion. The receptor family on which 

CGRP and other peptides of the group act includes calcitonin 

receptor-like receptor (CLR) linked to a small transmembrane 

spanning protein, called RAMP1 (receptor activity modifying 

protein 1), which is indispensable to gurantee functionality.28 

RAMP1 facilitates the cell-surface expression of CLR and 

is essential for the binding of CGRP to its receptors. Among 

other residues, Y66, F93, H97, and F101 form a binding site 

for CLR by clustering together on the same aspect of the 

extracellular portion of RAMP1, probably in close proximity 

to its entrance into the plasma membrane.64

It is considered that the true receptor for CGRP is con-

stituted by CLR/RAMP1 complex. However, the family of 

RAMP proteins includes three members: RAMP1, RAMP2, 

and RAMP3. RAMP1 also associates with the receptor for 

calcitonin, forming a receptor for amylin, the related peptide, 

but this also possesses high affinity for CGRP. Dimerization 

of the CLR and RAMP2 creates a receptor that is highly 

responsive to the related peptide adrenomedullin (AM1 

receptor). The RAMP3 receptor confers a second adreno-

medullin receptor (AM2 receptor) that also has some selec-

tivity for CGRP.28 There are slso other combinations of CLR 

or the calcitonin receptor with RAMPs; as a result, receptors 

can be generated which are responsive to CGRP. The action 

of CGRP is potentially also exerted downstream of activation 

of the described receptors, in a cell type-dependent manner, 

though the physiological meaning of these actions is still 

unclear. In synthesis, receptor site and action of CGRP are 

both complex; more than one receptor which is responsive to 

CGRP can be expressed in crucial sites of the described sys-

tem.65 Receptor selectivity is, therefore, particularly important 

for any agent aimed at antagonizing a specific CGRP action, 

without affecting the actions mediated by the other receptors 

(see the following section). 
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Erenumab 
Pharmacology, mode of action, and 
pharmacokinetics
Ideal characteristics of an mAb targeting the receptor for 

CGRP are based on several considerations. Firstly, the bind-

ing site of CGRP on the calcitonin receptor-like receptor 

(CRLR)-receptor activity-modifying protein-1 (RAMP1) 

CGRP-receptor complex is broad;65 as a consequence, the 

most effective blockade can be achieved by an antibody able 

to span the distance between these subunits of the receptor. 

Secondly, since the CGRP receptor complex shares similari-

ties with other receptors of the family, it is essential for its 

blockade to be highly selective to avoid side effects linked 

to blocking of the other receptors. Furthermore, a long 

serum half-life of the antibody is key to allow administra-

tion to patients for preventative treatment at relatively long 

time intervals, which enhances patients’ compliance.62 All 

pharmacokinetic studies confirmed that erenumab has ideal 

requisites to this aim.

A recent study by Shi et al66 showed powerful actions of 

erenumab in inhibiting the binding of [125I]-CGRP to the 

human CGRP receptor (Ki of 0.02 nM, a 20-fold greater 

potency than that of telcagepant, Merck’s CGRP receptor 

antagonist) and in antagonizing CGRP in a functional assay 

(completely inhibiting the production of cAMP stimulated 

by CGRP with an IC50 value of 2.3 nM, comparable to that 

of telcagepant). It also showed species (human and cynomol-

gus monkey receptors) and receptor-family specificity and 

pharmacodynamic activity, being 5,000-fold more selective 

for the CGRP receptor than for other receptors of the human 

calcitonin family. In cynos, erenumab also dose-dependently 

prevented the increases in dermal blood flow induced by 

capsaicin on days 2 and 4 post-dosing, indicating a powerful, 

selective, and full antagonistic action on the CGRP receptor.66

The pharmacokinetics of erenumab was also character-

ized in the study by Vu et al,67 together with its inhibitory 

effects on capsaicin-induced dermal blood flow (CIDBF), 

which is a validated tool to assess the target engagement of 

compounds potentially inhibiting CGRP in the context of 

migraine therapy. The study pooled data from a single- and 

multiple-dose study in healthy subjects and migraine patients. 

Capsaicin stimulations were performed repeatedly, and 

dermal blood flow and concentrations of serum erenumab 

were measured. The authors conducted a population analysis 

using a nonlinear mixed-effects modeling, also evaluating 

the outcome on model parameters of gender, age, and body 

weight. Subcutaneous absorption half-life and bioavailability 

were 1.6 days and 74%, respectively. Maximum inhibition 

determined by erenumab was 89% (95% confidence interval 

[CI]: 87–91%). The required concentrations of the compound, 

to obtain 50% and 99% of maximum inhibition, were 255 ng/

mL and 1134 ng/mL, respectively. Increased body weight was 

linked to clearance of erenumab, though producing no effect 

on the inhibitory effect on CIDBF. The authors concluded 

that the pharmacokinetics of erenumab resulted in potent 

inhibition of CIDBF.

In reporting the results of two Phase I studies, evaluat-

ing safety, pharmacokinetics, and pharmacodynamics of 

single and repeated administrations of erenumab in healthy 

subjects and migraine patients, de Hoon et al68 concluded 

that erenumab has a nonlinear pharmacokinetic profile 

ranging from 1 mg to 70 mg, with the linear portion of the 

clearance from 70 mg to 210 mg being consistent with other 

human immunoglobulin G2 antibodies. A >75% inhibition of 

capsaicin-induced dermal blood flow was produced by single 

doses of erenumab, apparently without dose dependency for 

a dose ≥21 mg. The compound proved to have a satisfactory 

safety profile, being well tolerated. 

As all other mAbs, and unlike small molecules, erenumab 

does not raise hepatotoxicity concerns (it is not eliminated 

through hepatic, biliary, or renal routes) and involves a sig-

nificantly reduced risk of drug-to-drug interactions.68

Efficacy, quality of life, daily functioning, 
and adherence 
Efficacy of erenumab in episodic migraine has been evalu-

ated and is still currently being assessed in several Phase II 

and III studies (Table1). 

Study NCT01952574 (Phase II; https://clinicaltrials.gov/

ct2/show/NCT01952574)69 in episodic migraineurs (4–14 

monthly migraine days) was a randomized, double-blind, 

placebo-controlled, multicenter study (59 headache and 

clinical research centers in Europe and North America) of 

12 weeks. It evaluated the effects of erenumab vs placebo 

on the change in monthly migraine days from baseline to the 

last 4 weeks of the 12-week double-blind treatment phase 

(primary endopoint). A total of 483 patients were assigned 

to the different groups from August 6, 2013, to June 30, 2014 

(160 placebo; 108 erenumab 7 mg; 108 erenumab 21 mg, 107 

erenumab 70 mg). At week 12, there was a difference of −1.1 

days in the main change in monthly migraine days between 

the dose of 70 mg erenumab and placebo (−3.4±0.4 standard 

error vs −2.3±0.3 days, respectively [95% CI: −2.1 to −0.2]; 

P=0.021). In contrast, the 7 mg and 21 mg dose produced 

mean changes of −2.2±0.4 and −2.4±0.4 in monthly migraine 

days, which did not differ significantly from placebo. On the 
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whole, the results of the study supported the notion that ere-

numab at the dose of 70 mg could be effective in preventing 

episodic migraine. 

Study NCT02483585 (ARISE, Phase III) was recently 

completed (March 2017; https://clinicaltrials.gov/ct2/show/

NCT02483585). It was a multicenter, randomized, 12-week, 

double-blind, placebo-controlled study in the prevention of 

episodic migraine at a high frequency of attacks. A total of 

577 patients aged 18–65 years were randomized to receive 

once-monthly subcutaneous erenumab (70 mg) or placebo 

in a 1:1 ratio (respectively: 286 patients, 85.7% women, 

mean age 42.3 years, 90.6% white, or 291 patients, 84.9% 

women, mean age 42.2 years, 89% white). Patients enrolled 

in ARISE were experiencing between 4 and 14 migraine 

days each month with an average of ~8.3 migraine days per 

month at baseline. The primary endpoint was the change in 

monthly migraine days from baseline to the last 4 weeks of 

the 12-week treatment phase (the number of migraine days 

between weeks 9 and 12). 

In the time frame of completion of the double-blind treat-

ment phase at month 3, secondary outcome measures were 

the proportion of subjects presenting at least a 50% reduction 

from baseline in monthly migraine days, the change from 

baseline in monthly acute migraine-specific medication treat-

ment days, the change from baseline in physical impairment 

(to evaluate the effect of erenumab compared to placebo on 

the proportion of subjects with at least a 5-point reduction 

from baseline in mean physical impairment domain score as 

measured by the Migraine Physical Function Impact Diary 

[MPFID]), and the change from baseline in impact on every-

day activities (to evaluate the effect of erenumab compared to 

placebo on the proportion of subjects with at least a 5-point 

reduction from baseline in mean impact on everyday activi-

ties domain score as measured by the MPFID).

This study showed that erenumab vs placebo significantly 

reduced the mean monthly number of migraine days (2.9 

vs 1.8 days, respectively), from baseline to weeks 9–12 of 

treatment (P<0.001), increased odds of achieving a 50% or 

higher reduction in this same parameter (group rate of 39.7% 

vs 29.5% for a 50% or greater reduction in monthly number 

of migraine days; odds ratio [OR] 1.6; P<0.02), and reduced 

the number of monthly days of use of migraine-specific 

medication (1.2 vs 0.6 reduction; P<0.003).

The ARISE study, of 12-weeks duration, is followed by 

an open-label treatment phase (28 weeks) which should be 

completed in October 2017. 

Study NCT02456740 (STRIVE, Phase III) is a mul-

ticenter, randomized 24-week, double-blind, placebo-

controlled study in episodic migraine prevention which 

was completed in June 2017. The results were illustrated 

by Goadsby et al during the 69th Annual Meeting of the 

American Academy of Neurology in Boston.70

After screening, patients underwent a 4-week baseline 

period during which they kept electronic migraine diaries. A 

total of 955 patients were then randomized to receive once-

monthly subcutaneous placebo (n=319, 86% women, 87% 

Table 1 Erenumab in episodic migraine: Phase II and Phase III studies

Protocol and date of 
completion

Population active vs 
placebo

Modality of 
administration

Primary efficacy outcome Adverse events (AEs) 

NCT01952574
Phase ii, randomized 
double-blind placebo-controlled, 
June 2014

483
(108, 108, 107 vs 160)
 

7, 21, 70 mg sc
once/month
for 12 weeks

Week 9–12 vs basis
decrease in migraine days; 70 mg 
vs placebo (P<0.03)

Fatigue, nasopharyngitis, 
headache, vertigo

NCT02483585 – ARiSe
Phase III, randomized double-
blind placebo-controlled, 
March 2017

577 70 mg sc for 
12 weeks

Weeks 9–12 vs basis decrease 
in migraine days and migraine 
medications; 70 mg vs placebo 
(0.001<P<0.003)

Upper respiratory tract 
infection, injection site pain, 
nausea, nasopharyngitis

NCT02456740 – STRive
Phase III, randomized double-
blind placebo-controlled, 
June 2017

955 70, 140 mg sc 
once/month for 
24 weeks

24 weeks vs basis: decrease in 
number of monthly migraine 
days, migraine medications, 
MPFiD-eA, and MPFiD-Pi; 70 mg 
and 140mg vs placebo (P<0.001)

Upper respiratory tract 
infection, injection site pain, 
nausea, nasopharyngitis

NCT03096834
CAMG334A2301, Phase IIIb, 
randomized double-blind, 
March 2019, followed by a 1 year 
open label phase

382 Single dose sc 
once/month for 
12 weeks

Reduction in migraine days and 
improvement in patients’ quality 
of life

N/A

Abbreviations: MPFiD-eA, impact of migraine on everyday activities as evaluated via the Migraine Physical Function impact Diary; MPFiD-Pi, mean physical impairment 
domain score as measured by the Migraine Physical Function Impact Diary; N/A, not applicable sc, subcutaneous.
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white, mean age, 41.3 years), or erenumab 70 mg (n=317, 

85% women, 89% white, mean age, 41.1 years), or erenumab 

140 mg (n=319, 85% women, 92% white, mean age, 40.4 

years) in a 1:1:1 ratio, for 6 months. 

Patients experienced between 4 and 14 migraine days 

each month, with an average of 8.3 migraine days per month 

at baseline. Patients who previously had failed two preven-

tative medications were excluded. Slightly more than half 

the participants had no previous exposure to a preventative 

therapy. The primary endpoint was the change in mean 

monthly migraine days from baseline over the last 3 months 

of the double-blind treatment phase of the study (months 4, 

5, and 6). In the time frame of completion of the double-blind 

treatment phase at 24 weeks, secondary outcome measures 

were the: 1) proportion of subjects with at least 50% reduc-

tion from baseline in monthly migraine days; 2) change from 

baseline in mean monthly acute migraine-specific medication 

treatment days; 3) change from baseline in physical impair-

ment (mean physical impairment domain score as measured 

by MPFID); 4) change from baseline on impact on everyday 

activities (mean impact on everyday activities domain score 

as measured by the MPFID).  

In the last 3 months of treatment, a reduction of 3.2 days 

of monthly migraine days was observed for erenumab 70 

mg and 3.7 for erenumab 140 mg vs 1.8 for placebo, with 

a statistically significant difference between both doses of 

active treatment vs placebo (P<0.001). The percentage of 

patients presenting a 50% or greater reduction of mean 

monthly number of migraine days was 43.3% for erenumab 

70 mg and 50% for erenumab 140 mg vs 27% for placebo 

( ORs 2.13 and 2.81). There was also a greater reduction 

of migraine-specific medication days for the acute attack 

in the active arms vs the placebo arm: 1.1 and 1.6 days 

for erenumab 70 mg and 140 mg vs 0.2 days for placebo 

(P<0.001).

Patients treated with erenumab 70 mg reported a 5.5 point 

decrease on the impact of migraine on everyday activities 

(MPFID-EA) as evaluated by the MPFID. Patients treated 

with erenumab 140 mg showed a 5.59-point reduction for 

this same parameter, while placebo-treated patients showed a 

3.3-point reduction. The difference among the active groups 

and placebo group was highly significant (P<0.001). 

Physical impairment (MPFID-PI) decreased by 4.2 and 

4.8 points in the erenumab 70 mg and 140 mg arms, respec-

tively, vs only 2.4 points for the placebo arm (P<0.001).

Study NCT03096834 (CAMG334A2301, Phase IIIb) is 

ongoing, currently recruiting participants. This is a 12-week 

double-blind, randomized, multicenter study comparing the 

efficacy and safety of a once-monthly subcutaneous single 

dose of erenumab against placebo in adult episodic migraine 

patients (4–14 monthly migraine/days) who have failed two 

to four prophylactic migraine treatments. Patients providing 

consent and meeting inclusion criteria will undergo examina-

tions to determine eligibility. Those entering the study have a 

50% chance of receiving either erenumab or placebo. After 

the first 12-week double-blind phase, patients have the choice 

to remain in the study for the open-label phase, lasting 1 year, 

during which they will continue to receive erenumab once a 

month. The enrollment estimate is 220 patients, aged 18–65 

years, for a completion date in March 2018. 

Effectiveness is measured by reviewing reduction in 

migraine days and improvement in patient quality of life. 

In particular, in the time frame of the last month (Month 3) 

of the Double-Blind Treatment Epoch (DBTE), the primary 

outcome measure is the percentage of patients with a 50% 

response in the reduction of Monthly Migraine Days (MMD) 

(as assessed via patient report in the headache e-diary). In 

the time frame from baseline to the last month (Month 3) 

of the DBTE, secondary outcome measures are changes in 

1) number of monthly migraine days, 2) MPFID “impact 

on everyday activities” domain score, 3) MPFID “physical 

impairment” domain score, 4) number of monthly acute 

migraine-specific medication treatment days, 5) percentage of 

patients with a 75% response (patient report in the headache 

e-diary), 6) percentage of patients with a 100% response 

(patient report in the headache e-diary).

Efficacy of erenumab was also demonstrated in studies 

on chronic migraine prevention: NCT02066415 (Phase II, 

completed in April 2016),71,72 and NCT02174861 (Phase II), 

which assessed the long-term (13 months) safety and 

efficacy of this mAb (completed in May 2017; an Open-

Label Extension-OLE-Study). In a study by Tepper et al, 

667 patients with chronic migraine received placebo, or 

70 mg or 140 mg doses of erenumab (randomized 3:2:2 

to subcutaneous injections, every 4 weeks for 12 weeks); 

637 completed treatment. Erenumab 70 mg and 140 mg 

significantly reduced monthly migraine days vs placebo 

(P<0.0001). There was a difference of −1.1 days in the main 

change in monthly migraine days between 70 mg erenumab 

group and placebo.

In summary, all completed studies on episodic migraine 

showed clinically significant effectiveness of erenumab at 

a minimum dose of 70 mg on the main migraine variables. 

Both studies NCT01952574 and ARISE showed the same 
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 difference of −1.1 days in the main change in monthly 

migraine days with the 70 mg dose vs placebo for a 3-month 

duration of treatment. ARISE also showed a 0.6 day reduction 

of the acute migraine-specific medication days and a 10.2% 

increase in the percentage of patients presenting a 50% or 

higher reduction of monthly migraine days with the same 

dose vs placebo. A 6-month duration treatment, as carried 

out in the STRIVE study, enhanced efficacy for the same 

dose of 70 mg vs placebo, reducing by 1.4 the mean monthly 

number of migraine days and by 0.9 the migraine-specifc 

medication days and enhancing by 16.3% the percentage 

of patients presenting a 50% or greater reduction of mean 

monthly number of migraine days.

STRIVE also showed higher effects with the 140 mg 

dose vs placebo: a reduction of 1.9 migraine days and 1.4 

migraine-specific medication days and an increase of 23% 

in the percentage of patients presenting a 50% or greater 

reduction of mean monthly number of migraine days. 

In conclusion, the average response rate and reduction of 

mean monthly number of migraine days are similar across 

studies for the same duration of treatment and same dose 

of erenumab, 70 mg. The higher dose of 140 mg provides 

slightly better outcomes, but the cost/benefit ratio of dose 

increasing will need to be explored further in future studies, 

especially for longer-term treatments.

Safety and tolerability
Safety and tolerability of erenumab were assessed in the same 

efficacy studies reported in the previous sections.

In study NCT01952574 (Phase II),69 the most common 

reported AEs were headache, nasopharyngitis, and fatigue. 

One patient in the 7 mg erenumab group had a ruptured 

ovarian cyst and one patient in the 70 mg erenumab group 

presented migraine and vertigo; none of these events, how-

ever, proved related to the treatment. Globally, the percentage 

of recorded events was very similar and not significantly 

different among groups: 50% (54 patients) in the 7 mg 

erenumab group, 51% (54 patients) in the 21 mg erenumab 

group, and 54% (57 patients) in the 70 mg erenumab group 

vs 54% (82 patients) in the placebo group. Neutralizing 

antibodies were found in 3% of treated patients (317), but 

no specific link could be demonstrated between their appear-

ance and the occurrence of AEs. Other safety indicators (eg, 

electrocardiogram, laboratory tests, and vital signs) were all 

unaltered by treatment. This study will be followed by an 

open-label extension phase of up to 256 weeks, which should 

be completed in March 2020, to assess the long-term safety 

of the compound.

In the ARISE study, AEs of any type were reported by 

48.1% of erenumab-treated patients and 54.7% of placebo-

treated patients, with 1.1% vs 1.7% reporting serious AEs. 

Respiratory tract infection occurred in 6.4% vs 4.8% of 

erenumab- and placebo-treated patients, respectively. Injec-

tion site pain was reported by 6.0% vs 4.2% of the patients 

and nasopharyngitis by 5.3% vs 5.9%. No significant dif-

ferences in AEs were present between the erenumab and 

placebo groups. 

In the STRIVE study, erenumab proved to be well toler-

ated. Erenumab- and placebo-treated groups did not differ 

significantly regarding the occurrence of AEs, both serious 

and nonserious. Serious AEs were reported in 2.5% and 1.9% 

of the cases in the erenumab 70 mg and 140 mg groups vs 

2.2% of the cases in the placebo group; none of the events 

appeared treatment related. The most frequent AEs were naso-

pharyngitis and upper respiratory tract infection. The most 

common nonserious AE was a reaction at the injection site. 

Antibodies against erenumab developed in about 6% of 

the patients in the active groups (8% for the 70 mg arm and 

3.2% for the 140 mg arm). Neutralizing antibodies were 

only found in one patient of the 70 mg group, and none in 

the 140 mg group. 

The favourable profile of safety and tolerability of ere-

numab was also confirmed by studies in chronic migraine. 

In a study by Tepper et al,72 AEs occurred in 39%, 44%, and 

47% of the patients in the placebo, 70 mg, and 140 mg groups, 

respectively. The most common AEs were upper respiratory 

tract infection, nausea, and pain at the injection site; serious 

AEs occurred in 3%, 3%, and 1% of the patients respectively; 

none of these occurred in >1 patient in any of the groups or 

produced discontinuation. No neutralizing antibodies were 

recorded in the active groups. There were no significant 

changes in vital signs and laboratory or electrocardiogram find-

ings. The satisfactory safety profile of erenumab in this study 

is also indicated by the low withdrawal rate from the study.

Conclusion, approval status, and 
potential place in therapy
Erenumab, the only available mAb against the CGRP 

receptor, has proven effective in the prevention of episodic 

migraine in Phase II and III trials conducted so far, with a 

satisfactory safety profile, also confirmed by Phase II and III 

studies in chronic migraine. Erenumab thus seems particu-

larly suitable for migraine preventative treatment, represent-

ing an important step forward in the field, especially as the 

modality of administration, typically every month, has a high 

potential of enhancing patents’ compliance, which represents 
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a problem with the classic prophylactic agents that need to 

be assumed daily.62,73 The studies conducted so far did not 

differentiate among different migraine subtypes (eg, with 

and without aura) or age and sex of the treated patients, so 

it is not known if erenumab has similar or different effects 

in various subpopulations of migraineurs, which would be 

of interest to know in future trials on the compound to iden-

tify the best responder target population. Another important 

aspect regards the numerous comorbidities in migraine, 

especially painful, particularly frequent in female patients, 

such as visceral pain from single and multiple organs, often 

giving rise to phenomena of viscero-visceral hyperalgesia, 

myofascial pain syndromes, or fibromyalgia.9–14,74,75 Future 

studies should also address the crucial issue of possible differ-

ential effects of the preventative treatment via blockade of the 

CGRP receptor in subgroups of migraine patients with and 

without comorbidities. Erenumab is to be  co-commercialized 

by Amgen and Novartis in the USA. While Amgen retains 

exclusive commercialization rights in Japan, Novartis has 

exclusive commercialization rights in Europe, Canada, and 

rest of the world. A Biologics License Application was sub-

mitted by Amgen to the US Food and Drug Administration 

for erenumab in May 2017, based on the global data of the 

erenumab program so far obtained (four Phase II and III 

clinical studies), which enrolled more than 2,600 migraine 

patients reporting four or more migraine days per month, 

with some of them receiving erenumab for up to 3 years. The 

most recent data on trials with erenumab were presented at the 

59th Annual Scientific Meeting of the American Headache 

Society in Boston in June 2017.

In Europe, the Marketing Application for AMG334 by 

Novartis was accepted by the European Medical Agency in 

June 2017. The company declared that they will work with 

the European Health Authorities on their goal to make their 

fully human mAb erenumab, the first new therapy available 

to migraineurs in over a decade.

Disclosure
In the past 3 years, MAG received funding from Epitech 

Group, Helsinn Healthcare, and IBSA Institute Biochimique 

for research unrelated to the topic of the present paper, and 

honoraria from Helsinn Healthcare, IBSA Institute Biochi-

mique, and royalties from IASP Press. GA received hono-

raria from Epitech Group and Helsinn Healthcare. PM was 

in the Advisory Board of Teva, Allergan, Amgen, Novartis, 

Electrocore. He received Educational Grants from Allergan, 

ACRAF, and Pfizer; royalties from Springer; research grants 

from Elytra Pharma and Sanofi; travel reimbursements from 

EFIC, EHF, and SpringerNature, and an editorial grant from 

SpringerNature. RC and FC report no conflicts of interest 

in this work.

References
1. Headache Classification of the International Headache Society. The 

international classification of headache disorders, 3rd edition (beta 
version). Cephalalgia. 2013;33:627–808.

2. Giamberardino MA, Martelletti P. Emerging drugs for migraine treat-
ment. Expert Opin Emerg Drugs. 2015;20(1):137–47.

3. Affaitati G, Martelletti P, Lopopolo M, et al. Use of nonsteroidal anti-
inflammatory drugs for symptomatic treatment of episodic headache. 
Pain Pract. 2017;17(3):392–401. 

4. Bartolini M, Giamberardino MA, Lisotto C, et al. A double-blind, ran-
domized, multicenter, Italian study of frovatriptan versus almotriptan 
for the acute treatment of migraine. J Headache Pain. 2011;12(3): 
361–368. 

5. Bellei E, Monari E, Bergamini S, et al. Validation of potential candidate 
biomarkers of drug-induced nephrotoxicity and allodynia in medication-
overuse headache. J Headache Pain. 2015;16:559. 

6. Negro A, Curto M, Lionetto L, Giamberardino MA, Martelletti P. 
Chronic migraine treatment: from onabotulinumtoxinA onwards. Expert 
Rev Neurother. 2016;16(10):1217–1227. 

7. Tana C, Tafuri E, Tana M, et al. New insights into the cardiovascular 
risk of migraine and the role of white matter hyperintensities: is gold 
all that glitters? J Headache Pain. 2013;1:9. 

8. Lionetto L, Borro M, Curto M, et al. Choosing the safest acute therapy 
during chronic migraine prophylactic treatment: pharmacokinetic and 
pharmacodynamic considerations. Expert Opin Drug Metab Toxicol. 
2016;12:399–406.

9. Giamberardino MA, Affaitati G, Costantini R. Chapter 24. Referred pain 
from internal organs. Handb Clin Neurol. 2006;81:343–361. 

10. Giamberardino MA, Affaitati G, Costantini R. Visceral referred pain. 
J Musculoske Pain. 2010;18:403–410. 

11. Giamberardino MA, Affaitati G, Fabrizio A, Costantini R. Myofascial 
pain syndromes and their evaluation. Best Pract Res Clin Rheumatol. 
2011;25:185–198. 

12. Giamberardino MA, Affaitati G, Fabrizio A, Costantini R. Effects of 
treatment of myofascial trigger points on the pain of fibromyalgia. Curr 
Pain Headache Rep. 2011;15(5):393–399.

13. Giamberardino MA, Affaitati G, Martelletti P, et al. Impact of migraine 
on fibromyalgia symptoms. J Headache Pain. 2015;17:28. 

14. Giamberardino MA, Tana C, Costantini R. Pain thresholds in women with 
chronic pelvic pain. Curr Opin Obstet Gynecol. 2014;26(4):253–259. 

15. Bigal ME, Walter S, Rapoport AM. Therapeutic antibodies against 
CGRP or its receptor. Br J Clin Pharmacol. 2015;79:886–895. 

16. Iyengar S, Ossipov MH, Johnson KW. The role of calcitonin gene-related 
peptide in peripheral and central pain mechanisms including migraine. 
Pain. 2017;158(4):543–559. 

17. Karsan N, Goadsby PJ. Calcitonin gene-related peptide and migraine. 
Curr Opin Neurol. 2015;28:250–254. 

18. Mitsikostas DD, Rapoport AM. New players in the preventive treatment 
of migraine. MC Med. 2015;13:279. 

19. Wrobel Goldberg S, Silberstein SD.Targeting CGRP: a new era for 
migraine treatment. CNS Drugs. 2015;29:443–452.

20. Rosenfeld MG, Mermod JJ, Amara SG, et al. Production of a novel 
neuropeptide encoded by the calcitonin gene via tissue specific RNA 
processing. Nature. 1983;304:129–135. 

21. Eftekhari S, Salvatore CA, Johansson S, Chen TB, Zeng Z, Edvinsson 
L. Localization of CGRP, CGRP receptor, PACAP and glutamate in 
trigeminal ganglion. Relation to the bloodbrain barrier. Brain Res. 
2015;1600:93–109.

22. Eftekhari S, Warfvinge K, Blixt FW, Edvinsson L. Differentiation 
of nerve fibers storing CGRP and CGRP receptors in the peripheral 
trigeminovascular system. J Pain. 2013;14:1289–1303. 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2017:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2759

Erenumab in episodic migraine

23. Mulderry PK, Ghatei MA, Spokes RA, et al. Differential expression of 
alpha-CGRP and beta-CGRP by primary sensory neurons and enteric 
autonomic neurons of the rat. Neuroscience. 1988;25:195–205. 

24. Schou WS, Ashina S, Amin FM, Goadsby PJ, Ashina M. Calcitonin 
gene-related peptide and pain: a systematic review. J Headache Pain. 
2017;18(1):34. 

25. Wimalawansa SJ, Morris HR, Etienne A, Blench I, Panico M, MacIntyre 
I. Isolation, purification and characterization of beta-hCGRP from 
human spinal cord. Biochem Biophys Res Commun. 1990;167:993–1000. 

26. Marvizón JC, Pérez OA, Song B, et al. Calcitonin receptor-like recep-
tor and receptor activity modifying protein 1 in the rat dorsal horn: 
localization in glutamatergic presynaptic terminals containing opioids 
and adrenergic alpha2C receptors. Neuroscience. 2007;148:250–265. 

27. Oku R, Satoh M, Fujii N, Otaka A, Yajima H, Takagi H. Calcitonin 
gene-related peptide promotes mechanical nociception by potentiating 
release of substance P from the spinal dorsal horn in rats. Brain Res. 
1987;403:350–354. 

28. Russell FA, King R, Smillie S-J, Kodji X. Calcitonin generelated 
peptide: physiology and pathophysiology. Brain Physiol Rev. 
2014;94:1099–1142. 

29. Seybold VS. The role of peptides in central sensitization. Handb Exp 
Pharmacol. 2009;194:451–491. 

30. Brain SD, Grant AD. Vascular actions of calcitonin gene-related peptide 
and adrenomedullin. Physiol Rev. 2004;84:903–934. 

31. Asghar MS, Hansen AE, Amin FM, et al. Evidence for a vascular factor 
in migraine. Ann Neurol. 2011;69:635–645.

32. Hansen JM, Hauge AW, Olesen J, Ashina M. Calcitonin gene-related 
peptide triggers migraine-like attacks in patients with migraine with 
aura. Cephalalgia. 2010;30:1179–1186. 

33. Lassen L, Haderslev P, Jacobsen V, Iversen H, Sperling B, Olesen J. 
CGRP may play a causative role in migraine. Cephalalgia. 2002;2: 
54–61. 

34. Lassen LH, Jacobsen VB, Haderslev PA, et al. Involvement of calcitonin 
gene related peptide in migraine: regional cerebral blood flow and blood 
flow velocity in migraine patients. J Headache Pain. 2008;9:151–157.

35. Petersen KA, Lassen LH, Birk S, Lesko L, Olesen J. BIBN4096BS antago-
nizes human alpha-calcitonin gene related peptide-induced headache and 
extracerebral artery dilatation. Clin Pharmacol Ther. 2005;3:202–213. 

36. Durham PL. Calcitonin gene-related peptide (CGRP) and migraine. 
Headache. 2006;46(1):S3–S8. 

37. Eftekhari S, Salvatore CA, Calamari A, Kane SA, Tajti J, Edvinsson 
L. Differential distribution of calcitonin gene-related peptide and its 
receptor components in the human trigeminal ganglion. Neuroscience. 
2010;169:683–696. 

38. Moore EL, Salvatore CA. Targeting a family B GPCR/RAMP receptor 
complex: CGRP receptor antagonists and migraine. Br J Pharmacol. 
2012;166:66–78.

39. Goadsby PJ. Recent advances in understanding migraine mechanisms, 
molecules and therapeutics. Trends Mol Med. 2007;13:39–44. 

40. Bernstein C, Burstein R. Sensitization of the trigeminovascular path-
way: perspective and implications to migraine pathophysiology. J Clin 
Neurol. 2012;8:89–99.

41. Theoharides TC, Donelan J, Kandere-Grzybowska K, Konstantinidou 
A. The role of mast cells in migraine pathophysiology. Brain Res Brain 
Res Rev. 2005;49(1):65–76.

42. Capuano A, De Corato A, Lisi L, Tringali G, Navarra P, Dello Russo C. 
Proinflammatory-activated trigeminal satellite cells promote neuronal 
sensitization: relevance for migraine pathology. Mol Pain. 2009;5:43. 

43. De Corato A, Lisi L, Capuano A, et al. Trigeminal satellite cells express 
functional calcitonin gene-related peptide receptors, whose activation 
enhances interleukin-1b pro-inflammatory effects. J Neuroimmunol. 
2011;237:39–46. 

44. Eikermann-Haerter K, Negro A, Ayata C. Spreading depression and 
the clinical correlates of migraine. Rev Neurosci. 2013;24:353–363. 

45. Levy D. Migraine pain and nociceptor activation – where do we stand? 
Headache. 2010;50:909–916. 

46. Recober A, Kaiser EA, Kuburas A, Russo AF. Induction of multiple 
photophobic behaviors in a transgenic mouse sensitized to CGRP. 
Neuropharmacology. 2010;58:156–165. 

47. Recober A, Kuburas A, Zhang Z, Wemmie JA, Anderson MG, Russo 
AF. Role of calcitonin generelated peptide in light-aversive behavior: 
implications for migraine. J Neurosci. 2009;29:8798–8804. 

48. Mulderry PK, Ghatei MA, Bishop AE, Allen YS, Polak JM, Bloom SR. 
Distribution and chromatographic characterisation of CGRP-like immu-
noreactivity in the brain and gut of the rat. Regul Pept. 1985;12:133–143. 

49. Goadsby PJ, Edvinsson L, Ekman R. Release of vasoactive peptides in 
the extracerebral circulation of humans and the cat during activation of 
the trigeminovascular system. Ann Neurol. 1988;23:193–196. 

50. Goadsby PJ, Edvinsson L, Ekman R. Vasoactive peptide release in the 
extracerebral circulation of humans during migraine headache. Ann 
Neurol. 1990;28:183–187. 

51. Cady RK, Vause CV, Ho TW, Bigal ME, Durham PL. Elevated saliva 
calcitonin gene-related peptide levels during acute migraine predict 
therapeutic response to rizatriptan. Headache. 2009;49:1258–1266.

52. Goadsby PJ, Edvinsson L. The trigeminovascular system and migraine: 
studies characterizing cerebrovascular and neuropeptide changes seen 
in humans and cats. Ann Neurol. 1993;33:48–56. 

53. Ashina M, Bendtsen L, Jensen R, Schifter S, Olesen J. Evidence for 
increased plasma levels of calcitonin gene-related peptide in migraine 
outside of attacks. Pain. 2000;86:133–138. 

54. Cernuda-Morollón E, Larrosa D, Ramón C, Vega J, Martínez-Camblor 
P, Pascual J. Interictal increase of CGRP levels in peripheral blood as 
a biomarker for chronic migraine. Neurology. 2013;81:1191–1196. 

55. Edvinsson L. The journey to establish CGRP as a migraine target: a 
retrospective view. Headache. 2015;55:1249–1255. 

56. Edvinsson L. CGRP receptor antagonists and antibodies against 
CGRP and its receptor in migraine treatment. Br J Clin Pharmacol. 
2015;80:193–199. 

57. Hougaard A, Tfelt-Hansen P. Review of dose-response curves for acute 
antimigraine drugs: triptans, 5-HT1F agonists and CGRP antagonists. 
Expert Opin Drug Metab Toxicol. 2015;11:1409–1418. 

58. Bigal ME, Walter S, Bronson M, Alibhoy A, Escandon R. Cardiovascular 
and hemodynamic parameters in women following prolonged CGRP 
inhibition using LBR-101, a monoclonal antibody against CGRP. 
Cephalalgia. 2014;34:968–976. 

59. Walter S, Alibhoy A, Escandon R, Bigal ME. Evaluation of cardiovas-
cular parameters in cynomolgus monkeys following IV administration 
of LBR-101, a monoclonal antibody against calcitonin gene-related 
peptide. MAbs. 2014;6:871–878. 

60. Zeller J, Poulsen KT, Sutton JE, et al. CGRP function-blocking 
antibodies inhibit neurogenic vasodilatation without affecting heart 
rate or arterial blood pressure in the rat. Br J Pharmacol. 2008;155: 
1093–1103. 

61. Bigal ME, Escandon R, Bronson M, et al. Safety and tolerability of 
LBR 101, a humanized monoclonal antibody that blocks the binding 
of CGRP to its receptor: results of the Phase 1 program. Cephalalgia. 
2013;34:483–492. 

62. Giamberardino MA, Affaitati G, Curto M, Negro A, Costantini R, 
Martelletti P. Anti-CGRP monoclonal antibodies in migraine: current 
perspectives. Intern Emerg Med. 2016;11(8):1045–1057. 

63. Hou M, Xing H, Cai Y, et al. The effect and safety of monoclonal anti-
bodies to calcitonin gene-related peptide and its receptor on migraine: a 
systematic review and meta-analysis. J Headache Pain. 2017;18(1):42. 

64. Barwell J, Wootten D, Simms J, Hay DL, Poyner DR. RAMPs and CGRP 
receptors. Adv Exp Med Biol. 2012;744:13–24. 

65. Walker CS, Hay DL. CGRP in the trigeminovascular system: a role 
for CGRP, adrenomedullin and amylin receptors? Br J Pharmacol. 
2013;170(7):1293–307. 

66. Shi L, Lehto SG, Zhu DXD, et al. Pharmacologic characterization of 
AMG 334, a potent and selective human monoclonal antibody against 
the calcitonin gene-related peptide receptor. J Pharmacol Exp Ther. 
2016;356:223–231. 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Journal of Pain Research 

Publish your work in this journal

Submit your manuscript here:  https://www.dovepress.com/journal-of-pain-research-journal 

The Journal of Pain Research is an international, peer reviewed, open 
access, online journal that welcomes laboratory and clinical findings  
in the fields of pain research and the prevention and management 
of pain. Original research, reviews, symposium reports, hypoth-
esis formation and commentaries are all considered for publication.  

The manuscript management system is completely online and includes 
a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Dovepress

2760

Giamberardino et al

67. Vu T, Ma P, Chen JS, et al. Pharmacokinetic-pharmacodynamic rela-
tionship of erenumab (AMG 334) and capsaicin-induced dermal blood 
flow in healthy and migraine subjects. Pharm Res. Epub 2017 Jun 7; 
doi: 10.1007/s11095-017-2183-6.

68. de Hoon J, Van Hecken A, Vandermeulen C, et al. Phase 1, randomized, 
double-blind, placebo-controlled, single-dose and multiple-dose stud-
ies of erenumab in healthy subjects and patients with migraine. Clin 
Pharmacol Ther. Epub 2017 Jul 24; doi: 10.1002/cpt.799.

69. Sun H, Dodick DW, Silberstein S, et al. Safety and efficacy of AMG 
334 for prevention of episodic migraine: a randomised, double-blind, 
placebo-controlled, phase 2 trial. Lancet Neurol. 2016;15(4):382–390. 

70. Conference Coverage. Erenumab May Reduce Headache Days in 
Episodic Migraine. The monoclonal antibody appears to reduce the 
impact of migraine on everyday activity and physical function. Neurol 
Rev. 2017;25(6):1, 40 

71. Giamberardino MA, Costantini R. Challenging chronic migraine: 
targeting the CGRP receptor. Lancet Neurol. 2017;16(6):410–411. 

72. Tepper S, Ashina M, Reuter U, et al. Safety and efficacy of erenumab for 
preventive treatment of chronic migraine: a randomised, double-blind, 
placebo-controlled phase 2 trial. Lancet Neurol. 2017;16(6):425–434. 

73. Deen M, Correnti E, Kamm K, et al. Blocking CGRP in migraine 
patients – a review of pros and cons. J Headache Pain. 2017;18(1):96.

74. Giamberardino MA, Costantini R, Affaitati G, et al. Viscero-visceral 
hyperalgesia: characterization in different clinical models. Pain. 
2010;151(2):307–322. 

75. Iuvone T, Affaitati G, De Filippis D, et al. Ultramicronized palmitoyle-
thanolamide reduces viscerovisceral hyperalgesia in a rat model of endo-
metriosis plus ureteral calculosis: role of mast cells. Pain. 2016;157(1): 
80–91. 

www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 


