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Introduction

Migraine is a chronic, evolutive, neurological disease which 
affects more than 10% of people worldwide, affecting mostly 
young, female patients, impacting during their more produc-
tive, and socially active life years.1,2 Many adults with 
migraine or severe headaches are at a disadvantage. In recent 
years in the United States, migraine has caused an average of 
about 4 million clinic visits per year, and more than 4 million 
outpatient visits. In 2018, for example, about 40% of U.S. 
adults with migraine were unemployed.3 According to the 
Global Burden of Disease estimates (GBD) 2019, migraine 
alone was second among the causes of disability, and first 
among women under 50 years of age.4 Until 2019, the pain 
phase of migraine was treated exclusively with a combina-
tion of analgesics such as non-steroidal anti-inflammatory 
drugs, triptans or other classes of medicines.5,6 Because of 
lack of adherence, occurrence of adverse events, and a high 
risk of developing a medical overuse, there was a loss 

of beneficial sustain on these treatments.7 Recently, new 
monoclonal antibodies (mAbs) designed to block the signal-
ing of the calcitonin gene-related peptide (CGRP), that is, 
galcanezumab, and its CGRP ligand (ie, erenumab, freman-
ezumab, and eptinezumab), have been proposed based on 
pivotal trials. The anti-CGRP mAbs demonstrated their 
major effectiveness in the reduction of the monthly migraine 
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days (MMD) in comparison to traditional treatments, in the 
prevention of both episodic migraine (EM) and chronic 
migraine (CM), without developing a medical overuse and 
avoiding adverse events.8-11 CGRP is a neuropeptide which 
modulates the nociceptive signal: it is a vasodilator that has 
been associated with the pathophysiology of migraine, as a 
significant increase of CGRP levels was observed during 
migraine attack.12 Nowadays in both the United States of 
America (USA) and in the European Union (EU) the clinical 
use of anti-CGRP mAbs has been authorized respectively by 
the Food and Drug Administration (FDA) and the European 
Medicines Agency (EMA), following a centralized proce-
dure.13,14 The anti-CGRP mAbs are indicated in patients hav-
ing at least 4 migraine attacks per month, and the 
administration must be prescribed in a Headache Center, 
took via a monthly intravenous injection (eptinezumab) or at 
home by a subcutaneous administration (erenumab, galcan-
ezumab, fremanezumab).15 In the USA, both the phases of 
authorization of new medicinal products and the determina-
tion of the drug prices come before the placing on the market 
of the new products, which are immediately available to the 
clinical structures and pharmacies.16 In the EU, after the 
issue of centralized marketing authorization (MA) by EMA 
and the publication on the European Official Journal, a 
medicinal product is authorized to be marketed throughout 
the EU.14,17 However, the real access in clinics to the medici-
nal product may be delayed at national level of Member 
States by the pathways for defining reimbursement and pre-
scription status.

Objective

In the absence of pivotal studies which have compared the 
efficacy of individual anti-CGRP mAbs in comparison to 
other medicines of the same therapeutic class other than pla-
cebo, and in relation to anti-CGRP mAbs placed on the global 
market with a difference in purchase price, this study has been 
carried out with the aim of searching the most recent literature 
for studies that may have compared directly or indirectly the 
efficacy of anti-CGRP mAbs in clinical practice. We assessed 
anti-CGRP mAbs cost-saving to provide useful and new evi-
dence which may be applicable during the prescribing evalu-
ation steps, in the relevant clinical setting.

Methods

Search Strategy

An overview of systematic reviews for the purpose of 
extracting effectiveness data has been performed on 
December 31, 2022 on PubMed® database, using the follow-
ing query: “((erenumab AND fremanezumab) OR (fremane-
zumab AND galcanezumab) OR (erenumab AND 
galcanezumab) OR (erenumab AND eptinezumab) OR (gal-
canezumab AND eptinezumab) OR (fremanezumab AND 

eptinezumab)) AND ((monthly migraine days) OR (monthly 
headache days) OR (response rate) OR (reduction rate) OR 
(disability)).”

Inclusion and Exclusion Criteria

To evaluate anti-CGRP mAbs effectiveness, the following 
inclusion criteria have been considered in the data analysis: 
all the studies which considered patients affected by migraine 
and which focused on anti-CGRP mAbs effectiveness, all the 
studies which compared the efficacy of at least 2 of the 4 
anti-CGRP mAbs measured at a follow up of 3 months, in 
relation to the first revaluation required by the Summary of 
Product Characteristics (SPC) of these medicines. In particu-
lar, for the evaluation of the effectiveness of the anti-CGRP 
mAbs we included randomized clinical trials, real world 
studies, reviews and meta-analyses; case reports have been 
excluded. All studies which did not examine at least 2 medic-
inal products between erenumab, fremanezumab, galcane-
zumab, and eptinezumab have been excluded, as well as all 
studies which did not investigate MMD as the primary out-
come (Figure 1).

Article Selection and Data Extraction

Two reviewers (A.Z. and R.LS.) screened all titles, abstracts 
and full texts independently, and solved disagreements by 
consensus or consultation with a third reviewer. Then the fol-
lowing information has been extracted: (i) first author, (ii) 
year of publication, (iii) type of study, (iv) journal, (v) anti-
CGRP mAbs studied, (vi) duration of treatment, (vii) adverse 
events described, and (viii) efficacy of anti-CGRP mAbs ver-
sus placebo. The details are shown in Table 1. The efficacy of 
the medicinal products compared to the placebo has been 
assessed in terms of risk ratio. Unit dose cost and dosage 
regimens of anti-CGRP mAbs have been extracted by con-
sulting Drugs.com, a virtual platform which includes all 
medicines authorized by the FDA and placed on the American 
pharmaceutical market.

Data Analysis

We conducted a descriptive analysis of the characteristics of 
the included literature. The evaluation of the cost analysis 
has been carried out in accordance with the Consolidated 
Health Economic Evaluation Reporting Standards 2022 
(CHEERS2022) checklist.

Results

Search Results

Overall, we identified 67 studies from the literature search, 
of which 57 studies were excluded since they did not fall 
under the inclusion criteria of our study. Ten out of the 67 
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studies indirectly compared the efficacy of at least 2 anti-
CGRP antibodies to each other, but always comparing single 
anti-CGRP mAbs to placebo and never with head-to-head 
studies (Figure 1).

Characteristics of Included Articles/Studies

Of the 10 studies included (Table 1), 4 (40%) were system-
atic review-meta-analysis, 3 (30%) were meta-analysis, 1 
(10%) was an observational study, 1 (10%) a comparative 
study, and 1 (10%) a retrospective real-life study. One article 
was published in 2018, then none in 2019, 2 in 2020, 4 in 
2021, and 3 in 2022.

Effectiveness of Anti-CGRP mAbs

All the 10 studies selected showed a protective exposure to 
risk factor in MMD reduction: in fact, risk ratio values are in 
all cases under 0, confirming that the efficacy event—that is, 
the reduction in the number of monthly migraine days in the 

group of treated subjects—is higher and significant than in 
the control group. Similarly, assessing the occurrence of 
adverse events, the risk ratio value in most cases does not 
exceed 1, confirming that the risk of the event occurring in 
the treated group is lower than in the control group (Table 1). 
Although head-to-head studies between the anti-CGRP 
mAbs have not been published yet, nor in pivotal trials his-
torical controls with drugs used to treat migraine such as cal-
cium antagonists or botulinum toxin A have been used, 
currently a major efficacy of 1 anti-CGRP mAb compared to 
the others has been not demonstrated significantly. However, 
the comparison was not placed as the main objective of the 
study, but was developed as a surrogate endpoint.

Cost-Saving Analysis

The cost-saving analysis in the American scenario high-
lighted eptinezumab as the anti-CGRP mAb with the minor 
cost, followed by fremanezumab, erenumab, and galcane-
zumab. In a quarter, the treatment with eptinezumab 100 mg, 

67 studies

10 studies
considered

57 studies excluded: case 
reports, studies which did 
not investigate MMD as 

the primary outcome, 
studies which did not 

examine at least two anti-
CGRP mAbs

Figure 1.  Flow-chart of considered studies.
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fremanezumab 225 mg, fremanezumab 675 mg, erenumab 
70 mg, erenumab 140 mg, and galcanezumab 120 mg costs to 
the national healthcare service $1.705, $2.130, $2.130, 
$2.229, $2.229, and $2.788, respectively. Consequently, in a 
quarter there is a cost saving of $425, $524, and $1.083 per 
patient using eptinezumab, regardless from the dosage, 
rather than fremanezumab, erenumab, or galcanezumab, 
respectively. The different costs of eptinezumab, erenumab, 
galcanezumab, and fremanezumab are illustrated in Table 2. 
Analyzing only the anti-CGRP mAbs administered subcuta-
neously, it appears that in one quarter, using fremanezumab, 
there would be a cost saving per patient respectively of $99 
and $658, regardless of dosage, compared with using ere-
numab or galcanezumab.

Discussion

Our investigation confirms that the marketing of the new 
anti-CGRP mAbs has profoundly influenced the quality of 
life of migraine patients, confirming the efficacy and the 
good tolerability of these medicinal products. In this context, 
it is noteworthy that, unlike eptinezumab, other anti-CGRP 
mAbs are indicated for s.c. administration (Table 2). 
However, significant price gaps among anti-CGRP mAb 
products have been highlighted. In fact, eptinezumab is the 
medicinal product with the lowest purchase price, whereas 
the treatment with galcanezumab costs the most. It is note-
worthy that eptinezumab is only administrable e.v. in outpa-
tient settings, therefore, the actual cost of its administration 
is expected to vary, depending on the actual care costs 
incurred by the facility in the outpatient settings, as well as 
with the occurrence of any side effects when the drug is 
administered. In addition, patients who take eptinezumab 
often have to switch to the 300 mg formulation to achieve the 
therapeutic effect, causing a sharp 3-time increase in treat-
ment costs.28 Furthermore, from our study it emerges that 
anti-CGRP mAbs are only indirectly compared to each other. 
Indeed, head-to-head studies, which directly compare the 
effectiveness and safety among single anti-CGRP mAbs as a 
primary endpoint, have not been published yet. From our 

search we noticed that erenumab is the anti-CGRP mAb 
more prescribed, but we should assume that the reason is not 
attributable to the lower price of erenumab than galcane-
zumab or 300 mg eptinezumab, but rather to the fact that it 
has been marketed both in USA and in Europe at least 1 year 
before all the other anti-CGRP mAbs.13,17 In fact, since gal-
canezumab, fremanezumab, and eptinezumab have also been 
placed on the market, it seems that physicians tend to equally 
address the therapeutic choice between all the anti-CGRP 
mAbs, having to assess several variabilities during the pre-
scription phase such as the availability of the medicines in 
the clinical setting, the local technical specifications, medi-
cines’ shortages, etc.29 On the other hand, it is noteworthy 
that the treatment with galcanezumab in a trimester costs the 
most due to the double vials administered during the induc-
tion phase. Migraine has a huge financial burden on global 
economies, costing $19.6 in the USA30 and €27 billion31 in 
the EU annually. Rather, the true socioeconomic cost of 
migraine is likely higher than that, given it costs nearly 
£6 billion in service use and lost employment in the United 
Kingdom alone.32 Therefore, economic analysis of new treat-
ments is key to offering the patient the best available treat-
ment while preserving the economic resources of healthcare 
systems.

Limitations

The studies considered in our analysis assessed the efficacy 
of the anti-CGRP mAbs at a heterogeneous time follow-up, 
which in most cases has been estimated at 3 months, but in 
others at 6 months or even 12 months. In relation to anti-
CGRP mAbs efficacy, in our analysis we considered the 
3 months period only, as it was the period with the most data 
available. Probably, this is justified by the fact that most of 
the studies extracted from our analysis were conducted in the 
years 2020 to 2021, therefore the time period with respect to 
patients enrolled was shorter than in studies published more 
recently. In addition, it is often documented in the literature 
that the efficacy does not undergo noteworthy changes by 
lengthening the follow-up time33-36: actually, the efficacy at 

Table 2.  Cost-Saving Analysis of Medicinal Products Containing Anti-CGRP mAbs Authorized and Marketed in the USA, as of 31 
December 2022.

API
Medicinal 
product MA date Strengths

Administration 
route

Price  
ex-factory/

unit ($)

Vials 
administered 
in a quarter

Quarterly 
treatment 
price ($) Saving Δ ($)

Eptinezumab Vyepti® 21/02/2020 100 mg/1 mL IV 1705 1 1705 Basal value
Erenumab Aimovig® 17/05/2018 70 mg/1 mL SC 743 3 2229 524
Erenumab Aimovig® 17/05/2018 140 mg/1 mL SC 743 3 2229 524
Fremanezumab Ajovy® 14/09/2018 225 mg/1.5 mL SC 710 3 2130 425
Fremanezumab Ajovy® 14/09/2018 675 mg/1.5 mL SC 2130 1 2130€ 425
Galcaezumab Emgality® 27/09/2018 120 mg/1 mL SC 697 4 2788 1083

Note. CGRP = calcitonin gene-related peptide; API = active pharmaceutical ingredient; MA = marketing authorization; IV = intravenous; SC = subcutaneous.
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3 months after the first administration of the drug has similar 
values to that found at 6 or 12 months of treatment. In regard 
to the cost-saving analysis, we considered only USA pur-
chase prices for 2 basic reasons. Firstly, the USA is a more 
mature market than the EU for anti-CGRP mAbs as FDA 
released its authorization earlier than EMA; secondly, com-
paring USA prices with those in major European countries 
(since they are not centrally established in the EU), no note-
worthy net differences were found on the euro-dollar cur-
rency exchange rate (Tables 2 and 3).

Conclusions

Migraine is the most disabling of all neurological disorders, 
with an estimated global prevalence of 14.0% (range 12.9%-
15.2%). Worldwide, in 2019, migraine was responsible for 
42.1 million (95% CI 6.42-95.6) years lived with disability 
(YLDs), or 4.8% (0.8-10.1) of total YLDs.37 Migraine head-
ache makes up 88.2% (60.7%-97.7%) of the global burden 
of headache disorders. Therefore, efficacy and safety pro-
files being equal, the use of anti-CGRP mAbs in clinical 
settings should also take into consideration the impact of 
such treatments on the economic sustainability of healthcare 
systems and services. Particularly, in the last decades, the 
mission of healthcare systems has been made increasingly 
difficult by the rising costs for innovative treatments. 
Considering the limited economic resources, it is strategic to 
optimize the therapy prescription in order to identify the 
most appropriate pharmacological treatment for the patient. 
Supporting the selection of the most proper treatment with 
cost-saving data is particularly relevant for treating chronic 
diseases (eg, migraine) that require long-life treatment. For 
innovative treatments, hospital pharmacists play an impor-
tant role in supporting the clinical assessments in setting up 
pharmacological treatments, collaborating in multidisci-
plinary teams with the physicians and with the local deci-
sion-makers, to be able to carry out the best choices for the 
patients and for national healthcare system economic 
resources. This is particularly true for patients affected by 
CM and EM, which are generally treated in outpatients’ 

settings. It is also notable that recently came into the market 
the gepant medicines, new therapeutic alternatives for the 
treatment of migraine prevention administered orally and 
which may be added to the arsenal of current migraine man-
agement. Therefore, it will be desirable to acquire new evi-
dence about safety and efficacy of migraine prevention 
medicines, to be able to provide more data which may be 
assessed by the multidisciplinary hospital teams, also to 
detect differences in the efficacy of anti-CGRP mAbs in 
patient subgroups.38
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