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Abstract

Öz

Migren ataklarla seyreden, şiddetli olması nedeniyle kişinin günlük yaşam aktivitelerini olumsuz etkileyen ve önemli ekonomik yüke neden olan primer baş 
ağrısıdır. Migrenin ekonomik, sosyal ve fiziksel yükü ağrı sıklığındaki artış ile birlikte artmaktadır. Özellikle kronik migrenli (KM) veya sık atak geçiren 
epizodik migrenli (EM) hastalarda mekanizma temelli tedavilere ihtiyaç her geçen gün daha fazla hissedilmektedir. Konvansiyonel önleyici tedaviler esasen farklı 
hastalıklara yönelik olarak geliştirilmiş, migren baş ağrısında da etkili oldukları çalışmalarda gösterilmiş tedavilerdir. Bu tedavilerin etkililiği ve istenmeyen 
etkileri ile ilgili sorunlar migrenli hastalarda yeterli süreyle kullanımlarını kısıtlamaktadır; çoğu hasta etkisiz atak tedavileri nedeniyle ilaç aşırı kullanım baş 
ağrısı riski altındadır. Yakın dönemde migren patofizyolojisinin daha iyi anlaşılması migrene özgü tedavilerin geliştirilmesine yönelik araştırmalara yeni bir yön 
vermiştir. Kalsitonin gen ilişkili peptid (CGRP), migren patogenezindeki rolüne ilişkin ipuçlarıyla dikkatleri üzerine çekmiş ve 1990’lı yıllardan başlayarak ilaç 
araştırmalarının odağı haline gelmiştir.
Migren tedavisine yönelik ilk geliştirilen ve kullanıma giren monoklonal antikor erenumabdır. CGRP reseptörüne karşı geliştirilmiş tek terapötik antikor olması ile 
migren profilaksisinde kullanılan ve CGRP ligandını hedef alan diğer monoklonal antikorlardan ayrışır. Erenumab insan yapısıyla tamamen aynı “(human)” olacak 
şekilde tasarlanmıştır; immünoglobulin G2 sınıfında yer alan, immünomodülatör etkisi olmayan bir monoklonal antikordur. Yüksek afinite ve seçicilikle CGRP 
reseptörünü bloke edip CGRP ligandının bu reseptöre bağlanmasını engeller. Kalsitonin ailesindeki diğer reseptörler üzerinde önemli bir etkisi bulunmamaktadır. 
EM ve KM’li hastalarda ağrılı gün sayısını ve atak tedavisine olan ihtiyacı azaltmada etkili bulunmuş, hasta geri bildirim sonuçlarını iyileştirmiştir.
Anahtar Kelimeler: Erenumab, kalsitonin gen ilişkili peptid, migren, önleyici tedavi, ilaç aşırı kullanım

Migraine is a type of primary headache with recurrent attacks, negatively affects the daily living activities of sufferers because of its severity, and causes a heavy 
economic burden. The economic, social, and physical burdens of migraine grow with the increasing frequency of headache attacks. Mechanism-based treatments 
are increasingly needed, especially for those with chronic migraine (CM) or episodic migraine (EM) with frequent attacks. Conventional migraine-preventive 
medications have been essentially developed for some other diseases and shown to be also effective against migraine headaches. Efficacy, safety, and tolerability 
issues limit their use for an adequate duration, and most patients are under the risk of medication-overuse headache because of the ineffectiveness of attack 
treatments. In recent decades, a better understanding of migraine pathophysiology has given a new direction to migraine drug research to fulfill the unmet need for 
the development of migraine-specific medications. Calcitonin gene-related peptide (CGRP) has attracted attention with its potential role in migraine pathogenesis 
and has become the focus of drug research in this area as of the 1990s. The first monoclonal antibody developed and approved for the treatment of migraine is 
erenumab. Being the only therapeutic antibody against the CGRP receptor, erenumab differs from the other monoclonal antibodies for migraine prevention that 
target the CGRP ligand. Erenumab is a fully human, immunoglobulin G2 class monoclonal antibody with no immunomodulatory effect. It blocks the CGRP 
receptor with high affinity and selectivity and prevents binding of the CGRP ligand to this receptor. It does not have a significant effect on other receptors in the 
calcitonin receptor family. Erenumab has been shown to diminish the number of migraine days and the need for attack treatment and to improve patient-reported 
outcomes in patients with EM and CM.
Keywords: Erenumab, calcitonin gene receptor protein, migraine, preventive treatment, medication overuse
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Introduction
Migraine accompanied by nausea, vomiting, and sensitivity 

to light and sound is a common type of headache that usually 
occurs as unilateral, throbbing, moderate-severe, and long-
lasting and recurrent attacks (1). Attacks vary in frequency and 
duration, negatively affecting the daily life and work productivity 
of sufferers (2,3,4,5). The International Classification of Headache 
Disorders-3 diagnostic criteria defined migraine headache as 
episodic (<15 days/month) and chronic migraine (CM), having 
at least 15 headache days/month, with at least 8 days of having 
headaches with migraine features, for more than 3 months (1). 
Episodic migraine (EM) attacks can become more frequent over 
time for various reasons and progress into CM (6,7,8).

According to the Global Burden of Disease data, migraine 
affects more than 1.12 billion people worldwide, and its age-
adjusted prevalence is 14.72% (9). It is more common in women 
than in men, and its prevalence peaks in the fourth decade (30-
34 years) (9). In a field study conducted in Turkey in 2008, the 
prevalence of migraine was 16.4% and that of CM was 1.7% when 
medication overuse was also included (10). The prevalence of 
migraine in Turkey increased slightly in 2013, reaching 16.7% 
(11). Migraine is the main cause of disability in individuals aged 
<50 years (12). It negatively affects people physically, socially, 
and functionally and reduces their quality of life (2,4,5). The 
economic, social, and physical burdens of migraine grow with the 
increasing frequency of pain (4,5,13). The burden of CM on the 
individual and society is greater because of health-related resource 
use and the frequency of accompanying comorbidities (5,13,14). 
Many factors were found to determine the chronification and 
treatment resistance in patients with migraine. Medication 
overuse and cutaneous allodynia are independent risk factors for 
chronification (8). A study reported that the progression to the 
chronic form occurs at an average annual rate of 2.5% (6). The rate 
of progression from CM to EM was related to treatment success, 
which was 26% in 2 years, and it was observed more frequently 
in patients with a relatively low number of days with pain and 
those without allodynia (15). Effective treatment in migraine is 
important to prevent chronification as well as reduce the frequency 
and severity of pain and restore functionality (13,16,17). The 
recommendation was to give preventive treatment to patients 
in cases of headache for ≥4 days/month, attacks adversely 
affected daily life despite acute treatment, ineffective and/or 
contraindicated acute drugs, or known medication overuse (18). 
Conventional preventive treatments consist of medications that 
have been developed for various diseases and have demonstrated 
effectiveness in migraine headaches. The most commonly used drug 
groups for this purpose are beta blockers (propranolol, atenolol, 
and timolol), anticonvulsants (valproic acid and topiramate), 
antidepressants (venlafaxine, duloxetine, and amitriptyline), 
and calcium channel blockers (flunarizine). In the treatment of 
migraine, generally, these drugs should be started at a low dose, 
increased to the effective dose by dose titration, and used for a 
sufficient period. Adequate time is considered at least 2 months for 
the initial evaluation in terms of response to treatment (whether 
the drug works or not) and at least 6 months for the therapeutic 
effect (19). Low tolerability and suboptimal effectiveness are the 
main obstacles to the long-term use of conventional preventive 
therapies (20). In the Second International Burden of Migraine 

Study, 28.3% and 44.8% of patients with EM and CM were using 
preventive treatment, respectively (20). In a database analysis, in 
which the data of patients with CM who were started on preventive 
treatment were evaluated retrospectively, the discontinuation rate 
was 75% at 6 months and 86% at 12 months (21). A study that 
retrospectively examined treatment patterns and health care use 
in a large patient population with health insurance found that the 
treatment was discontinued in 5.4 months (median) in patients 
with migraine for whom preventive treatment was initiated for the 
first time, and this period was 3.0 and 2.7 for the second and third 
preventive treatments, respectively (22). The limited effectiveness 
of these drugs, which should be taken one to several times a day 
regularly, and their side effects and tolerability problems restricts 
the treatment options and thus adversely affect the compliance of 
the patients with the treatment.

Although the limitations of the treatments used in migraine 
prophylaxis reveal the need for the development of new treatment 
options, no significant progress has been made in this regard 
until recently. In the last few decades, a better understanding of 
migraine pathophysiology has given a new direction to the search 
for migraine-specific treatments. Calcitonin gene-related peptide 
(CGRP) has attracted attention in this respect and has become the 
focus of drug research since the 1990s (23). CGRP is a member 
of the CGRP family, along with calcitonin, adrenomedullin, and 
amylin. It was first suggested in 1985 that CGRP, which was 
defined in 1982 and proven to exist in the trigeminovascular 
(TGV) system in 1984, might have a role in migraine development 
(24). CGRP is widely found in the central and peripheral nervous 
systems, including the TGV system, which has an important role 
in the pathophysiology of migraine (24). It plays a role in different 
processes of migraine such as in the activation of the TGV system, 
nociceptive signaling, vasodilation, neurogenic inflammation, 
and peripheral and central sensitization. To show its effect, it 
mainly binds to the CGRP receptor, which is the only member 
of the calcitonin receptor family of which relationship with 
migraine has been demonstrated so far. This receptor has three 
parts, calcitonin-like receptor (CLR), receptor activity-modifying 
protein 1 (RAMP1), and receptor component protein (RCP) (23). 
The RAMP1 protein is decisive because the receptor is specific 
to CGRP. RCP enables the receptor to couple with the cAMP 
signaling pathway and makes it functional. The CGRP receptor 
activates the cyclic adenosine monophosphate (cAMP) signaling 
pathway and increases cAMP. It activates phosphokinase K, which 
plays a role in the vasodilator and neural effects of CGRP (25).

Within the framework of strategies to suppress the effects 
of CGRP in treatment of migraine, the main focus was the 
development of small molecules (gepants) that are CGRP receptor 
antagonists (26). The first members of this class were developed 
over 15 years ago, but clinical development was discontinued 
because of liver toxicity. Two of the second-generation gepants 
(ubrogepant and rimegepant), in which a similar problem was not 
observed, were recently approved for use. The development process 
of new gepants is still ongoing (27).

Monoclonal antibodies targeting CGRP or its receptor are 
another group of drugs of which potential to act on CGRP has 
been investigated (26,28). CGRP administered intravenously for 
experimental purposes can trigger a migraine attack even though 
it does not cross the blood-brain barrier (29). This suggests that 
monoclonal antibodies, which have a limited ability to cross the 
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blood-brain barrier because of their large molecular size, may have 
a role in migraine treatment. Monoclonal antibodies targeting 
CGRP and CGRP receptor have a very low rate of crossing the 
blood-brain barrier (<0.1% and 1500 times less than gepants), but 
are effective in migraine, supporting the view that the site of action 
of these drugs is outside the blood-brain barrier (30). Although 
they require subcutaneous or intravenous administration, their 
long half-lives allow infrequent use, suggesting that monoclonal 
antibodies may be an appropriate treatment approach for migraine 
prophylaxis and will contribute to increasing treatment compliance 
of and retention on treatment (30). Moreover, antibodies do 
not cause hepatotoxicity since they break up into amino acids 
by proteolysis; the possibility of drug-drug interactions is low 
because hepatic, renal, and biliary processes do not affect their 
elimination; the risk of non-target toxicity is low because of their 
high selectivity, and their tolerability is good (31). In addition, 
the European Headache Federation guideline on monoclonal 
antibodies acting on the CGRP ligand or its receptor states that 
the rapid onset of action of these therapeutic antibodies (usually 
within 1 month of the first dose) is an advantage over conventional 
treatments. This guideline recommends the use of monoclonal 
antibodies for at least 3 months, as the therapeutic benefit may 
increase with continuing treatment, and clinical improvement 
may occur over time in some patients whose conditions have 
initially deteriorated or who were unresponsive to treatment (32).

As of writing this review, four monoclonal antibodies (i.e., 
erenumab, fremanezumab, galcanezumab, and eptinezumab), with 
erenumab being the first, have been approved for the preventive 
treatment of EM and CM in many countries (32,33). Since 
erenumab is the only monoclonal antibody developed against the 
CGRP receptor, it differs from other monoclonal antibodies (i.e., 
galcanezumab, fremanezumab, and eptinezumab) targeting the 
CGRP ligand (28,34). It blocks the CGRP receptor, preventing 
CGRP from binding to this receptor. It was approved by the Food 
and Drug Administration in the USA in May 2018 and by the 
European Medicines Agency in the European Union in July of the 
same year, to be administered subcutaneously (35) at a dose of 70 
mg or 140 mg once a month (34). The recommendation was to 
administer fremanezumab as once-monthly subcutaneous injection 
(225 mg) or as three consecutive subcutaneous injections every 
3 months (36). Regarding galcanezumab, the recommendation 
was to administer a loading dose of 240 mg (two consecutive 
subcutaneous injections of 120 mg), followed by a monthly 
injection (120 mg) (37). Unlike other monoclonal antibodies 
indicated in migraine prophylaxis, eptinezumab is administered 
intravenously (100 mg or 300 mg every 3 months) (38).

Erenumab was designed to have a low risk of immunogenicity 
(39). It is a monoclonal antibody in the structure of “human” 
immunoglobulin G2 (IgG2), which has the same amino acid 
sequence as in humans (34). Among the approved therapeutic 
antibodies for migraine prophylaxis, erenumab is the only 
monoclonal antibody with a “human” feature (28). The binding 
affinity of IgG2 to immune effector cells is very low (40,41). 
Therefore, from a biotechnological point of view, IgG2 is a 
preferred IgG subclass in therapeutic antibody development 
(41). Since its target molecule, the CGRP receptor, is located 
outside the immune system, erenumab is not expected to have 
an immunomodulatory effect (26). Erenumab blocks the CGRP 
receptor with high affinity and selectivity, preventing the binding 

of the CGRP ligand to this receptor, and it has no significant effect 
on other members of the calcitonin receptor family (31).

Clinical Development Program
The clinical development program of erenumab for migraine 

mainly consisted of four studies conducted in EM or CM 
(42,43,44,45). Another study included in this program was the 
LIBERTY (phase IIIB) study conducted in patients with EM who 
had not responded to 2-4 preventive treatments before (46). Basic 
information about these studies is summarized in Table 1. In a 
dose-determination study, only 70 mg of erenumab among doses 
of 7, 21, and 70 mg administered once a month was superior 
to placebo in terms of efficacy (42). Therefore, the efficacy and 
safety of 70 mg and/or 140 mg erenumab were investigated in 
subsequent studies (43,44,45,46). More than 2500 patients were 
treated with erenumab in registry studies (47). In development 
studies, patients were randomized to the erenumab 70 mg or 140 
mg arms at the start of the double-blind treatment period (DBTP) 
(42,43,44,45,46). Patients who completed placebo-controlled 
DBTP in the clinical development program were included in the 
active treatment period (ATP) ranging from 28 to 256 weeks (dose 
blind in the STRIVE study, open label in others) (Table 1). In 
addition to the primary and secondary efficacy and safety analyses 
in the datasets of the studies, various post-hoc and subgroup 
analyses (such as the onset of the clinical, efficacy in patients with 
a history of treatment failure, and medication overuse) that could 
guide clinical practice were also performed.

Effectiveness
The effect of erenumab starts from the first use and continues 

up to 4 weeks (subsequent erenumab administration) in patients 
with EM and CM (48). The primary efficacy endpoint for the 
first four studies in Table 1 was the change from baseline in the 
number of monthly migraine days (MMD) in the last part of the 
placebo-controlled DBTP (last 4 weeks for the 12-week studies, 
last 3 months for the 24-week STRIVE study). A reduction of 
≥50% from baseline in MMD (proportion of responding patients) 
and the change from baseline in the number of monthly acute 
migraine-specific medication days (AMSMD) were the main 
secondary endpoints (42,43,44,45). The primary efficacy endpoint 
of the LIBERTY trial was the proportion of patients who achieved 
a ≥50% reduction in MMD from baseline in the last 4 weeks of the 
double-blind period (46). As shown in Table 2, erenumab reduced 
MMD and AMSMD more than the placebo in all phase III/IIIB 
studies included in the clinical development program, and the 
proportion of patients with a ≥50% reduction in MMD was higher 
in the erenumab treatment groups than in the placebo group 
(43,44,45,46). The findings in the ATP show that the proven 
efficacy of 70 mg and 140 mg erenumab in DBTP is consistently 
maintained in the long term (up to 5 years for EM, 1 year for CM) 
(49,50,51).

Episodic migraine
The main efficacy results of DBTP of studies other than 

the dosing study included in the clinical study program are 
summarized in Table 2. In the 24-week placebo-controlled DBTP 
of the STRIVE trial (n=995), erenumab 70 mg and 140 mg 
were efficacious in reducing MMD and AMSMD from baseline 
and increasing the proportion of patients with a ≥50% reduction 
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in MMD (Table 2) (44). These effects persisted for 52 weeks, 
including the study’s 28-week ATP (n=845) (50). In patients 
treated with erenumab 70 mg or 140 mg, at the end of 1 year, a 
decrease of 4.2±0.2 and 4.6±0.2 days, respectively, was found in 
ATP compared with the onset of DBTP (mean MMD 8.3), and 
a decrease of 1.1±0.2 and 1.8±0.2 days, respectively, was noted 
when compared with onset of the ATP. In patients who switched 
from placebo to erenumab at onset of the ATP, doses of 70 and 140 
mg administered every 4 weeks resulted in a decrease of 2.2±0.4 
days and 2.9±0.4 days, respectively, in MMD. A reduction of 
≥50% from baseline in MMD was observed in 61.0% and 64.9% 
of patients in the erenumab 70 mg group and erenumab 140 
mg group, respectively, and a reduction of ≥75% from baseline 
in MMD was observed in 38.5% and 40.8% of patients in the 
erenumab 70 mg group and erenumab 140 mg group, respectively. 
The proportion of patients who achieved a 100% reduction from 
baseline in MMD was 19.8% and 21.2% in erenumab 70 and 140 
mg groups, respectively (50). In a subgroup analysis of the STRIVE 
trial, erenumab was efficacious in patients with EM who had failed 
≥1 or ≥2 prior preventive treatments (52). Both doses of erenumab 
administered in these subgroups significantly decreased MMD at 
the 4th to 6th months of DBTP compared with baseline. AMGS was 
2.0 days (1.2-2.8; p<0.001) lower in patients with ≥1 preventive 
treatment failure receiving 70 mg erenumab and 2.5 days (1.7-3.4; 
p<0.001) lower in patients with ≥1 preventive treatment failure 
receiving 140 mg erenumab compared with the placebo [difference 
95% confidence interval, (CI)]. In patients with ≥2 preventive 
therapy failures, AMGS was 1.3 (0.0-2.6; p<0.05) days lower in 
the erenumab 70 mg group and 2.7 (1.4-4.0; p<0.001) days lower 
in the erenumab 140 mg group. AMGS decreased ≥50% from 
baseline in 38.6% of patients with ≥1 preventive treatment failure 
receiving 70 mg erenumab and 39.7% of those with ≥1 preventive 

treatment failure treated 140 mg erenumab (these rates were 
26.5% and 36.2%, respectively, in patients with ≥2 preventive 
treatment failure). AMSMD improvements were also observed 
in these subgroups (52). The long-term efficacy of erenumab in 
patients in whom previous preventive therapy had failed was also 
maintained. In the STRIVE study, 52.3% (erenumab 70 mg) 
and 55.0% (erenumab 140 mg) of patients with a history of at 
least one treatment failure achieved ≥50% MMD improvement 
from baseline at year 1 (weeks 49-52) compared with baseline 
(before DBTP), and both doses of erenumab produced a consistent 
reduction in AMSMD over 1 year (53). As shown in Table 2, in the 
LIBERTY study conducted in patients with EM who had failed 
2-4 prior preventive treatments, erenumab 140 mg decreased 
MMD and AMSMD in the last 4 weeks (weeks 9-12) of DBTP 
compared with baseline. With erenumab, a ≥50% reduction in 
MMD was achieved in 30% of the patients (p=0.002 for difference 
versus placebo), and a reduction of ≥75% (p=0.025 for difference 
versus placebo) was found in 12% of the patients (46). All patients 
enrolled in the 3-year open-label treatment period (OLTP) of the 
LIBERTY trial were treated with erenumab 140 mg. Data for the 
first 112 weeks showed that MMD decreased ≥50%, ≥75%, and 
100% from baseline in 57.2%, 30.6%, and 16.2% of the patients, 
respectively (54). For patients who switched from placebo to 
erenumab at the onset of OLTP, the corresponding rates were 
61.2%, 31.8%, and 17.6%, respectively (54). The 1.8±0.4 day 
decrease in MMD from baseline in the last 4 weeks (weeks 9-12) 
of OLTP was also observed in the first- and second-year interim 
analyses of OLTP [52 weeks: 3.7 (4,1); 112 weeks: 4.2 (5.0)] and 
persisted (46,54). The longest timeframe results of erenumab came 
from the 256-week OLTP following 12-week DBTP of a phase II 
study in patients with EM (49). 

Table 1. Main characteristics of phase II and phase III/IIIB studies in the erenumab clinical development program

Study (references)
Number of 
randomized 
patients

Sun et al. (42)
N=483

Tepper et al. (43)
N=667

Goadsby et al. 
(44) (STRIVE)
N=955

Dodick ve ark. 
(45) (ARISE)         
N=577

Reuter ve ark. (46) 
(LIBERTY) 
N=246

Development phase II II III III IIIB

Patient group

18-60 years, EM
EM history ≥12 
months
No preventive 
therapy or failure 
of ≤2 preventive 
treatments

18-65 years, CM
CM history ≥12 
months 
No preventive 
therapy or failure 
of ≤3 preventive 
treatments
including patients 
with medication 
overuse

18-65 years, EM
EM history ≥12 
months
No preventive 
therapy or failure 
of ≤2 preventive 
treatments 

18-65 years, EM
EM history ≥12 
months
No preventive 
therapy or failure 
of ≤2 preventive 
treatments

18-65 years, EM
EM history ≥12 
months
Failure of 2-4 
preventive treatments, 
migraine symptoms 
4-14 days/month and 
headache <15 days/
month* at screening 
and baseline

Study duration
Screening
Initiation
Double-blind therapy
Active treatment†
Safety follow up

   ≤3 w
    4 w
  12 w
256 w
  12 w

≤3 w
 4 w
12 w
‡
12 w

≤3 w
4 w
24 w
28 w
12 w

≤3 w
 4 w
12 w
28 w
12 w

 ≤2 w
   4 w
  12 w
156 w
 12 w

*Headache related or not related with migraine, †Treatment blindness was maintained in the STRIVE study, while other studies were open-label, ‡Patients who completed 
the double-blind treatment study were included in the 52-week open-label extension study (51). EM: Episodic migraine, CM: Chronic migraine, w: Week
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In the first 2 years of this period, patients were treated with 70 
mg erenumab, and with the protocol change, the dose of patients 
who completed their second year was increased to 140 mg to obtain 
long-term safety data regarding high-dose treatment (49). The 
mean MMD of 8.7±0.2 days at the beginning of the study (before 
double-blind treatment) decreased by 5.3±0.3 from baseline in the 
last 4 weeks of the 5-year OLTP, and the reduction rates in MMD 
were ≥50%, ≥75%, and 100% in 71%, 47.1%, and 35.5% of the 
patients, respectively. The mean AMSMD of 6.2±0.2 at baseline 
decreased by 4.4±0.3 days in the last 4 weeks of OLTP (49).

Chronic Migraine
In the clinical development program, the efficacy of erenumab 

in patients with CM was investigated in the pivotal study of 12-
week DBTP and in the 52-week OLTP, which included patients 
who completed the pivotal study (43,51). As presented in Table 
2, both doses of erenumab (70 mg and 140 mg) in the main study 
reduced MMD and AMSMD; approximately 40% of patients 
had a ≥50% reduction from baseline in MMD (43). Patients 
participating in OLTP were initially started on 70 mg erenumab. 
As the primary endpoint of the study was related to safety, the 
protocol was subsequently modified to obtain more data on high-
dose treatment (140 mg/month), and all patients who had not yet 
completed the first 28 weeks of the study or who were new to 
the study were treated with erenumab 140 mg. The reduction in 
MMD in DBTP compared with the baseline study continued in 
the OLTP as well. The mean MMD (95% CI) at week 52 of OLTP 
was 8.5 (7.6-9.4) days and 10.5 (9.4-11.5) days lower than that 
of the baseline study in the erenumab 70 mg and 140 mg groups, 
respectively. The proportions of patients with ≥50% reduction 
in MMD at week 52 of OLTP were 67.3% and 53.3% for 140 
mg and 70 mg erenumab, respectively, which were higher than 
the rates in DBTP (41.0% and 40.0%, respectively) (51). The 
mean AMSMD, which was 9.5 at the start of the main study, also 
decreased consistently to 4.9 and 4.5 days at weeks 40 and 52 
of OLTP, respectively (51). In addition, in 54.1% (95% CI 46.6-
61.6) of patients treated with erenumab in the 12-week main 
study, CM converted to EM, and in 96.8% (95% CI 91.1-99.3) 
of those with EM in the first 12 weeks of OLTP, EM persisted 
in the long-term follow-up (after 64 weeks). Of the patients 
without  conversion from CM to EM in the main study, 43.4% 
(95% CI 32.5-54.7) of cases progressed to EM within the first 
12 weeks of OLTP, and in 77.8% of those patients, EM remained 
after 64 weeks (95% CI 60.9-89.9) (55). The findings show that 
erenumab provides a consistent and sustainable long-term clinical 
improvement in patients with CM. A subgroup analysis of the 
12-week CM pivotal study evaluated the efficacy of erenumab in 
patients with and without a history of preventive treatment failure 
(56). Erenumab reduced MMD more than the placebo at the third 
month of the study (last month of DBTP) compared with baseline 
in those with a history of treatment failure. In patients with a 
history of ≥2 preventive treatment failures, the reduction in MMD 
[least squares mean (95% CI)] was 4.3 (2.8-5.8) days more in the 
140 mg erenumab group and 2.7 (1.2-4.2) days more in the 70 mg 
erenumab group compared with the placebo group (p<0.001 for 
both). In patients with prior treatment failure, erenumab 140 mg 
was more effective than erenumab 70 mg in both reducing MMD 
and increasing the proportions of patients achieving ≥50% and 

≥75% reductions in MMD from baseline. Erenumab also reduced 
AMSMD more in patients with a history of preventive treatment 
failure. The higher baseline AMSMD may have played a role in 
this outcome in patients who had previous treatment failure (56).

Erenumab reduced MMD and AMSMD in patients with CM 
with a history of medication overuse and clinical improvement was 
accompanied by an increase in the quality of life and a decrease 
in disability (57). In patients with previous preventive treatment 
failure and medication overuse (≥15 days of simple analgesic or 
≥10 days of triptan, ergotamine, or combination therapy) during 
the 4-week baseline, erenumab reduced monthly acute headache 
medication use more than the placebo. The number of days of 
acute headache medication use per month [LSM (95% CI)] was 
2.6 (1.2-4.0) days and 4.3 (2.9-5.6) days lower in the 70 mg and 
140 mg erenumab groups, respectively, than in placebo group 
(p<0.001 for both) (58). A study reported that 81%, 72%, and 
70% of patients who had overused simple analgesic, triptan, or 
combined analgesic therapy, respectively, at the baseline of the CM 
pivot study, stopped using these drugs at the end of the 52-week 
extension study (59).

When the efficacy of erenumab was evaluated in patients 
without allodynia [Allodynia Symptom Checklist (ASC)-12 total 
score <3] and in patients with moderate-to-severe allodynia (ASC-
12 ≥6), MMD at 3 months was 5 (1.4-3.7) days lower in the 
erenumab 70 mg group (p=0.001) and 3.3 (1.3-5.3) days lower 
in the erenumab 140 mg group (p<0.001) compared with the 
placebo. This suggested that allodynia did not negatively affect 
the efficacy of erenumab in patients with CM (60).

Patient-reported Outcomes
Effects of 70 mg and 140 mg doses of erenumab on the health-

related quality of life, functioning, and migraine-related disability 
in patients with EM and CM were evaluated with the Migraine-
Specific Quality of Life Questionnaire (MSQ), Headache Impact 
Test-6 (HIT-6), Migraine Disability Assessment Scale (MIDAS), 
and they are evaluated only in patients with CM with Patient 
Feedback Results Assessment Information System (PROMIS) 
Pain Interference Scale short form 6b. As summarized in Table 3, 
erenumab was effective in improving social and physical quality of 
life and reducing migraine-related disability in patients with EM 
and CM (61,62).

In a post-hoc analysis evaluating HIT-6, MIDAS and MSQ 
scores at 6 months in patients with EM who had failed ≥1 previous 
preventive treatment, and HIT-6 and MIDAS at 12 weeks in 
patients with CM who had failed ≥1 and ≥2 previous preventive 
treatments, and in a subgroup analysis evaluating PROMIS data, 
erenumab (70 mg and 140 mg) provided clinically significant 
improvement in all scores compared with baseline of studies 
(63,64).

Safety Results
Findings from the double-blind and OLTP of the placebo-

controlled studies in phase II/III that included nearly 3.000 patients 
with EM and CM showed that erenumab was generally safe and 
well tolerated (42,43,44,45,46,49,50,51,54). In two systematic 
reviews and meta-analysis based on randomized controlled trials 
in the clinical development program, no difference was found 
regarding the development of adverse events (AEs) and serious 
AEs (SAEs) between 70 mg and 140 mg doses of erenumab or 
between placebo and erenumab (65,66).
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In the 24-week DBTP of the STRIVE study in patients with 
EM, the top 3 most commonly reported (percentage of patients) 
AEs were nasopharyngitis (9.9%), upper respiratory tract infections 
( URTIs) (6.7%), and injection site pain (3.2%) in the erenumab 
70 mg group, and nasopharyngitis (11.0%), URTIs (4.7%), 
sinusitis (3.4%), and constipation (3.4%) in the erenumab 140 
mg group (44). Considering the duration of exposure to erenumab 
during the 28-week ATP, URTIs were the most common AEs with 
both erenumab doses (due to the change in the new version of 
the AE reporting terminology, nasopharyngitis was reported as 
URTI, unlike in DBTP) (50). Most AEs seen in patients receiving 
erenumab were mild to moderate. A patient in the erenumab 140 
mg arm of the study with cardiac conduction defect (first-degree 
atrioventricular block and intraventricular conduction defect), 
mitral valve insufficiency, and a history of hyperlipidemia died of 
heart failure, and a genetic, arrhythmogenic structural anomaly 
associated with sudden cardiac death was found at autopsy (50). 
The proportion of patients who discontinued erenumab because of 
AE was 2.2% for both erenumab doses (2.5% in the placebo arm) 
in the DBTP and 1.4% and 2% in the erenumab 70 mg and 140 
mg arms during the 28-week ATP, respectively (44,50).

In the 12-week DBTP of the study in patients with CM, 
the top 3 most common AEs were injection site reactions (4%), 
nasopharyngitis (3%), and URTIs (3%) in the erenumab 70 mg 
group. In the erenumab 140 mg group, the top 3 most common 
AEs were constipation (4%), injection site reactions (4%), 
and muscle spasms (4%). Constipation was not observed in the 
erenumab 70 mg group, and muscle spasms were observed in less 
than 1% of patients (43). In the 52-week OLTP that included 
patients who completed this study, most AEs in patients receiving 
erenumab were mild-to-moderate, and no life-threatening or 
fatal AE was observed. Considering the duration of exposure to 
erenumab, the most common AEs were viral uURTIs (16.4/100 
patient-years), URTIs (7.2/100 patient-years), and sinusitis 
(7.1/100 patient-years) (51). Treatment was terminated because of 
AE in <1% of patients (2 patients receiving erenumab 140 mg) in 
the 12-week DBTP and in 2.6% of patients in the 1-year OLTP 
(erenumab 70 mg, 9 patients; erenumab 140 mg, 7 patients) 
(43,51). In a subgroup analysis of two pivotal studies conducted 
in CM and EM, the safety and tolerability of erenumab in the 12-
week period of DBTP in terms of cardiovascular, cerebrovascular, 
and peripheral vascular events were comparable in different age 
groups (18-40, >40-50, >50-55, and >55 years). was safe and 
well-tolerated in older patients. Sedation, cognitive dysfunction, 
and anticholinergic AEs were not observed in patients receiving 
erenumab (67).

In the analysis of pooled data from the four phase II/III studies 
in the clinical development program, the placebo, erenumab 70 
mg, and erenumab 140 mg groups were comparable regarding 
the development of vascular events during the 12-week period of 
DBTP. During clinical development, no difference was found in 
the occurrence of vascular events between the double-blind and 
OLTP (68). Hypertension (mainly after the first injection and 
within 7 days) was reported in the post-marketing period. Thus, 
this situation should be taken into account in the follow-up (69). 
Based on the 12-week DBTP findings of studies in patients with 
EM and CM, hypertension or diastolic hypertension was reported 
in 0.9%, 0.8%, and 0.2% of patients in the placebo, erenumab 
70 mg, and erenumab 140 mg groups, respectively. These 

findings and current long-term safety findings of the clinical 
trial program do not indicate an increased risk for hypertensive 
episodes (49,50,51,54,69). The increase in blood pressure of 2-3 
mmHg observed within the 5-year OLTP in patients with EM 
was compatible with the age-related change observed in the 
Framingham Heart Study (49,70,71). The rate of hypertension in 
the study was lower than that observed in the placebo group (1.9 
and 3.8/100 patient-years, respectively) in the pooled analysis of 
double-blind, placebo-controlled studies (49,72).

The longest-term safety data on erenumab were based on 
the results of the 5-year OLTP of the phase II study conducted 
in patients with EM, which demonstrated that erenumab was 
well tolerated in the long term (49). No increase was noted in 
the incidence of AE or SAE over time, and no new cases of safety 
emerged. Considering the duration of exposure to erenumab, the 
most common AEs were nasopharyngitis (10.6/100 patient-years), 
URTI (6.7/100 patient-years), and influenza (4.6/100 patient-
years) (49). The constipation rate (1.8/100 patient-years) was 
lower than the pooled data (7.0/100 patient-years) (72) for the 12-
week period of DBTPs of the four placebo-controlled studies in 
the clinical development program, and no patients discontinued 
treatment (49). Eighteen, (4.7%; 1.3/100 patient-years) patients 
discontinued erenumab treatment because of AEs in the 5-year 
OLTP (49).

Furthermore, 6.3% (56/884) of patients receiving erenumab 
70 mg in the DBTP of four placebo-controlled studies developed 
erenumab-binding antibodies, and antibodies became negative 
in 2 of 3 patients with neutralizing antibody (Nab) positivity. 
Binding antibody developed in 2.6% (13/504) of patients receiving 
erenumab 140 mg, and Nab was not detected. More than half 
of the patients with binding antibody positivity who continued 
treatment were antibody negative at the end of the study. Antibody 
development did not adversely affect the efficacy and safety of 
erenumab (73). The safety results of erenumab for the 5-year long-
term OLTP showed that the probability of developing antibodies 
to erenumab was low, and antibodies developed especially in the 
first 6 months of treatment and tended to disappear over time. 
Moreover, 30 (76.9%) of 39 patients who developed binding 
antibodies and 2 (66.7%) of 3 patients who developed Nab in the 
5-year OLTP became negative for antibodies over this period (49).

Real-life Studies
In a real-life study conducted in Italy, erenumab was given 

to patients with frequent EM (9-14 days/month; mean number 
of previous failed treatments, 3.7) or CM (mean number of 
previous failed treatments, 5.2) with a history of treatment failure. 
Erenumab 70 mg was initiated, and the dose was increased to 140 
mg in week 8 in patients who did not respond adequately. MMD 
(CM, 12.9 days reduction), pain intensity assessed by visual analog 
scale (EM, 1.8; CM, 2.6 units reduction) and HIT-6 score (EM, 
10.5; CM, 12.9 reduction) significantly improved from baseline. 
In 2/3 of patients with frequent EM and CM, MMD was reduced 
by ≥50%. Of patients whose erenumab dose was increased to 140 
mg, 69.8% benefited from the dose increase. Erenumab was well 
tolerated by patients, and mild-to-moderate AEs observed in 
13.1% of the patients, with constipation as the most common AE 
(9.1%) (74).

In a real-life study of adults with CM aged 18-65 years in 
whom at least four different classes of oral preventive therapy or 
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onabotulinum toxin A failed because of ineffectiveness or side 
effects, erenumab decreased the number of days with headache 
from 21.1±0.7 days/month to 11.4±0.9 (p<0.001) and 8.9±0.7 
(p<0.001) days at months 3 and 6, respectively. Pain severity, 
migraine-related disability, impact on daily life, quality of life, 
allodynia, sleep quality, depression, and anxiety symptoms 
improved, and MIG-SCOG (subjective cognitive deficit score 
caused by migraine attacks) did not change. In this study, of 
which safety results were consistent with those of the randomized 
controlled studies, 25.7% of the patients had AEs, and the most 
common AEs were constipation (23.9%), fatigue (7%), and 
nausea (5%). No SAE was observed, and no patient discontinued 
treatment because of AEs (75).

In a retrospective cohort studyfrom the USA  which was 
based on a database search the use of acute migraine-specific 
drugs (triptan and ergotamine) was reduced or stopped initiating 
erenumab treatment. According to the drug records 12 months 
before (pre-index) and at least 6 months (post-index) after the start 
of erenumab, migraine-specific acute treatments were discontinued 
(triptan, 35.9%; ergotamine, 60.5%) in 36.8% of 23,222 patients, 
who used acute migraine-specific drugs in the pre- and post-index 
periods treated with at least three doses of erenumab, and doses 
were reduced [80.7% in triptan users (mean reduction, 1.2±6.6 
units) and 60.7% in ergotamine users (mean reduction, 0.4±6.9 
units)] in 80% of patients (76).

Preliminary results of an observational study conducted in the 
USA in patients with CM, most of whom had previously used ≥5 
preventive treatments, including botulinum toxin, showed that 3 
months of erenumab treatment reduced MMD from 16.5 to 7.5 
and reduced migraine disability score from 62 to 49. In 42.5% 
of patients using botulinum toxin, it was possible to reduce or 
discontinue this treatment in the process (77).

In Germany, TELESCOPE and PERISCOPE “online” survey 
studies revealed the evaluations of physicians and patients with 
migraine (non-physician) regarding their erenumab treatment 
experience. In an interim analysis of the PERISCOPE study, 85% 
of 91 patients who had previously used an average of six different 
preventive treatments and had been using erenumab for at least 
3 months were able to cope better with their daily work after 
starting erenumab treatment, 83% experienced fewer days lost 
due to migraine, 47% felt improvement in migraine symptoms 
beginning from the first injection, and 67% had decreased 
severity and duration of attacks (78). In the interim analysis of 
the TELESCOPE study based on observation of 109 patients, 
physicians reported that the effect of erenumab was evident in 
75% of their patients from the first dose reducing pain intensity 
and frequency in 80% and 92% of patients, respectively (79).

Conclusions
Problems with the effectiveness, safety, and tolerability of 

conventional preventive drugs that were originally developed 
for diseases other than migraine limit their use for sufficient 
duration in migraine. Furthermore, most patients are at risk of 
medication overuse headaches because of the ineffectiveness of 
attack treatments. Sustainable preventive treatment is important 
in improving the quality of life of patients with migraine and 
reducing the socioeconomic burden of the disease.

Erenumab is the first and only preventive therapy in the class of 
monoclonal antibodies developed against the receptor of CGRP, a 

neuropeptide that plays a central role in migraine pathophysiology. 
It is a fully human IgG2 monoclonal antibody designed to bind to 
the CGRP receptor with high affinity and selectivity. Erenumab 
administered at subcutaneous doses of 70 mg or 140 mg once 
a month provides a consistent and sustainable effect that is 
noticeable from the first week of treatment in patients with EM 
and CM. Its safety and tolerability profile was comparable with 
placebo. Findings from current real-life studies are consistent with 
those from the clinical development program. Real-life studies 
will continue to guide migraine management in daily practice, 
reflecting clinical experience in different patient populations.
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