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Abstract
Migraine is among the commonest causes of headache in all ages. It is the second most
common cause of neurological disability. Currently, antihypertensive, antidepressants and
antiepileptic drugs are reasonable preventable medications for chronic migraine. Despite the
higher levels of stigma associated with this disease, fewer attempts were made in past
regarding the treatment options for chronic migraine. Recently, a novelty treatment was
introduced known as calcitonin gene-related peptide (CGRP) monoclonal antibodies as a
possible mechanism for the prevention of migraine attacks. CGRP played an important role in
the etiology of migraine headaches and was considered as the major peptide behind the cause
of the headache disorders. We have reviewed the benefits of these monoclonal antibodies in
terms of their efficacy and adverse effects with the available treatment choices. These drugs
showed superior results when compared to the placebo and were considered generally safe
in the majority of clinical trials. Earlier versions of CGRP antagonists, known as gepants, were
less tolerable due to their tendency to cause liver and cardiovascular complications. Thus, in
comparison to the earlier gepants, these CGRP monoclonal antibodies were safer and
demonstrated excellent tolerability. Short-term side effects were only limited to mild-moderate
injection site rash or pruritus, however, their long-term side effects are still unknown. Despite
the higher cost of these drugs, we have analyzed the applicability of this drug in the developing
countries. Although the quality-adjusted life year (QALY) gained per cost of the drug is still
expensive and majority of people may not afford, its excellent tolerability and less adverse
effects should also be considered a reason to implement this drug, particularly for resource-
limited countries. Moreover, these medications could also become a prototype for future
inventions and creations (cost-effective versions for resource-limited countries). In conclusion,
this review suggests that CGRP monoclonal antibodies are safer and excellent alternate option
for patients with chronic migraine as it has better efficacy, tolerability, and provides a hope to
reduce the stigma associated with migraine. All these benefits should be the deciding factors
when opting for this treatment and the decision should not be made solely on the
socioeconomic status.
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Introduction And Background
Migraine is one of the most common neurological disorders which happens to affect almost all
age groups. The most common presenting symptoms are severe headaches which are often
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accompanied or triggered by strong visual light, sound or odour. The discovery of calcitonin
gene-related peptide (CGRP), roughly 34 years ago, was thought to be one of the major peptides
that had specific role in the regulation of cerebral blood vessels [1]. In 1992, an attempt was
made to understand the role of sumatriptan and dihydroergotamine on the suppression of
CGRP on the animal models and humans [2]. To further identify the role of CGRP as a culprit
behind the migraine headache in the migraineurs, a double blind cross-over study was
conducted in 2002 which reported severe headaches in patients following the administration of
human αCGRP [3]. Hence, the role of CGRP was defined as the cause behind episodic migraine
headache.

CGRP and migraine pathophysiology
CGRP, a 37-amino acid peptide, is the predominant peptide responsible for cerebral and
peripheral blood vessel dilatation [4]. It exists in α and β isoforms. In the brain, the αCGRP is
mainly expressed in the regions of trigeminovascular system, whereas β isomer is mainly found
in the enteric nervous system [5]. However, while cerebral vessel dilation is one of its major
effects, nociception, uptake of glucose and the stimulation of glycolysis in skeletal muscles are
considered its other effects [6, 7].

The role of CGRP in migraine pathophysiology had been the motivation behind the innovation
of the drug called CGRP antagonists. The first designer drug, olcegepant (BIBN4096BS), had
high affinity and selective CGRP antagonist [8]. These CGRP antagonists resulted in liver
toxicity for which their use was proposed to be discontinued. However, due to their adverse-
effects, new and modified drugs called CGRP receptor antibodies were created recently. These
newly developed drugs worked well outside central nervous system (CNS) (in particular,
meninges) and they did not cross blood-brain barrier (BBB), whereas gepants and triptans
crossed BBB but only to a minor degree [9, 10]. This review will highlight efficacy of CGRP
receptor blockers in terms of its benefits and associated adverse effects. Nevertheless, our main
focus of this review will be its consideration for developing countries despite its higher cost.

Review
Efficacy of gepants: based on two hours pain-free interval
studies
Gepants generally provide relief to the patients with headache associated with migraine. In
2016, out of all gepants, telcagepant was studied in the majority of clinical trials as the
prototype drug and showed significantly better results when compared to placebo or alternate
choices [11]. However, when compared with the variety of drugs belonging to the triptans
family, telcagepant, BI44370, and rimegepant showed no significant difference in terms of
their efficacy [12-14]. Interestingly, two newer drugs, ubrogepant and rimegepant, showed
lower efficacy than triptans and simple analgesics. Their low efficacy was postulated due to
their slower oral absorption, and in decreased therapeutic gain when compared to telcagepant
[15].

Efficacy of antibodies against CGRP: based on phase III and
phase II clinical trials
These antibodies against CGRP or its receptor have played pivotal role in the management of
migraine. Their action out of CNS (as they do not cross BBB) and in particular, in the trigeminal
system, is responsible for the relief of migraine attacks [10]. Currently, there are four
monoclonal antibodies, i.e., eptinezumab, fremanezumab, galcanezumab and erenumab that
are being studied for chronic and episodic migraine [16]. Out of these, galcanezumab and
fremanezumab published phase III trials, whereas erenumab despite better results was only
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tested in phase II trials. Galcanezumab showed slight better results when compared to
fremanezumab in the chronic migraine (defined as headache for equal or more than 15 days).
Nevertheless, out of all these drugs, best results were seen with trial of eptinezumab which
showed a reduction in monthly number of headaches (-8 days) in chronic migraine [16]. Table 1
provides an overview of the efficacy of current monoclonal antibodies (mAbs) in management
of chronic migraine in terms of mean reduction of headache days per month.

CGRP Monoclonal Antibodies Mean Reduction of Headache Days per Month

Eptinezumab -8

Fremanezumab -4.6

Galcanezumab -4.8

Erenumab -6.6

TABLE 1: The efficacy of current monoclonal antibodies in management of chronic
migraine in terms of mean reduction of headache days per month.
CGRP: Calcitonin gene-related peptide

Headache disorder in developing countries: migraine being the
most documented literature over the past decade
A study was published in 2008 that gathered data from major developing countries from 1997 to
2006 using the term “headache” from low, lower middle, upper middle and higher
socioeconomic countries (classification based on World Bank categorization). Out of all the
known causes of headaches, migraine was the focus of majority publications representing
48.9% of the data, whereas non-migraine pain constituted about 26.4%. Only one-third (29.5%)
of the data showed articles for the treatment of headache [17]. The World Health Organization
(WHO) ranks migraine as the third most common headache in the world and second most
disabling neurological condition [18]. Considering the predominant cause of headaches in
developing countries is migraine yet only one-third of the data discusses its treatment. The
WHO has identified three barriers to effective care for headaches, and in particular, migraine
[18]. Table 2 summarizes three barriers to effective care.

World Health Organisation barriers to effective migraine treatment

Lack of knowledge among healthcare
providers: Healthcare providers are not
well trained to diagnose and treat
headache disorders.

Poor awareness:
Headaches are not
perceived as serious
threat due to its episodic
nature.

Direct and indirect costs due to delay seeking
treatment: Despite advancement, people often
delay treatment due to costly investigations
pertaining to accurate diagnosis.

TABLE 2: Three barriers to the effective treatment of headache disorders by WHO.
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The role of CGRP monoclonal antibodies in developed
countries: why is it still a reasonable choice despite being an
expensive treatment?
According to the Institute for Clinical and Economic Review (ICER) report, CGRP monoclonal
antibodies are costly, but they provide more migraine-free days, and increased QALYs when
compared to no treatment in both episodic and chronic migraine. The estimated cost of each
migraine-free day with erenumab or fremanezumab is between $130 and $340, in comparison
with no treatment [19]. Considering the high cost of these medications, these drugs were
thought to divide the lower socioeconomic societies because of their higher market value, and
specifically when majority of the developing countries are still under the circumstances of
choosing between their basic necessities. As mentioned by Burch and Rayhill, currently there
are only about 20% of patients who could gain benefits of erenumab despite considering its
skyrocketed price without becoming a burden on the society. For a population to become
eligible for CGRP monoclonal antibodies at cost-effective price range, 75% reduction in the
price, estimated $2200 per year, would be required [20]. Nevertheless, despite enormous prices
of these drugs we have summarised three reasons for this novel drug that might benefit people
in the poverty with migraine at the same prices.

Firstly, CGRP monoclonal antibodies have shown to achieve positive impact on the QALY or
DALY (disability-adjusted life year), which is valuable for someone who has the disease [19]. The
term QALY is used to measure the burden of certain disease considering its efficacy in
treatment and overall cost (1 QALY is equal to one year of healthy life). Despite outrageous
costs of erenumab and fremanezumab, their costs per QALY gained were reported $90,000 and
$120,000 in cases of chronic migraine, which are fairly reasonable considering its vital impact
in the addition of an extra healthy life year [19]. Based on the figures published by ICER, the
importance of QALY cannot be ignored due to the expensive treatment. Secondly, besides
higher cost of these medications, they exhibit excellent tolerability. In comparison with the
gepants, these drugs are devoid of major side effects such as hepatotoxicity or cardiovascular
complications (owing to their vasodilatory properties), with the exception of mild-moderate
injection site reaction [6]. CGRP monoclonal antibodies is also considered a reasonable
alternate treatment for patients in which earlier treatment has failed [19]. Lastly, migraine is
considered a stigmatized disease and unfortunately, anti-stigma efforts were not made at the
same pace as were made in the other disorders such as epilepsy. Therefore, proper allocation of
resources and introduction of new interventions could be one way to overcome the stigma
associated with chronic migraine even in the developing countries. More ways to reduce stigma
can be sort through spreading awareness, education, and better policy making strategies [20,
21].

Other aspects of CGRP antagonists
There are a slight number of adverse effects that could arise as a result of CGRP monoclonal
antibodies. Firstly, there is a risk of development of a mild-moderate injection site reaction.
More common adverse effects for CGRP monoclonal antibodies also included pruritus and
erythema [22]. However, no severe adverse effects were reported during clinical trials [6]. Their
scarce oral bioavailability led to only parenteral route of administration, which also means
longer half-life of the drug [23]. One disadvantage to this route is the need of healthcare
provider for the intravenous administration. Secondly, there are no documented long-term side
effects of CGRP monoclonal antibodies and its risks are still unknown. However, as stated by
the American Headache Society Annual meeting in 2019, in several years more results of
clinical trials will be published which will demonstrate long-term safety and its physiological
effects.
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Current treatment for migraine when compared to CGRP
(receptor) blockers
Current preventative treatment options for migraine include antihypertensive drugs,
antidepressants and antiepileptic medication. In contrast to CGRP (receptor) antagonists, these
have all been developed for other diseases rather than migraine and a reduction in mean
monthly frequency of 50% or more is estimated. However, other measures are also emphasized
but not limited to keeping headache diaries, education, and adherence to prophylactic
treatment [24].

Conclusions
We have reviewed the benefits and drawbacks of CGRP receptor blockers, although their long-
term side effects are still unknown. Double-blind placebo studies have demonstrated
favorability and superior results in terms of their efficacy, minimal adverse effects and a
suitable alternative choice among chronic migraineurs, even in the resource-limited countries
where only about a quarter of literature has been published on the treatments of migraine
headaches. Although the higher cost of these medications is still considered a major hindrance
particularly in the developing countries, the cost per QALY gained at the current prices
alongside with its minimal side effects such as a mild injection site reaction is also reasonable.
One must realise the fact that due to minimal adverse effects of these drugs, the cost spent on
dealing with long-term side effects (liver damage and cardiovascular complications) associated
with the conventional treatment such as gepants, is more than the cost spent on these newer
treatments. Moreover, out of all the CGRP receptor mAbs currently in the market, we reviewed
that the best results were seen with eptinezumab, which showed a reduction of eight days in
monthly number of headaches in chronic migraineurs. Currently, future studies are being
planned to identify long-term side effects of these drugs, which may then further clarify
their risks and benefits as opposed to the current treatment. Speaking in favour of CGRP
receptor blockers, these innovative drugs are currently available in high-end markets. The
overly stigma of migraine has finally led to the developments of these drugs which will reduce
the level of migraine stigma in future. This break-through innovation in the treatment of
chronic migraine will surely set a threshold for more advance, and cheaper versions for
resource-limited countries.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships:
All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.

References
1. Edvinsson L: Functional role of perivascular peptides in the control of cerebral circulation .

Trends Neurosci. 1985, 8:126-131. 10.1016/0166-2236(85)90050-5
2. 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. 10.1002/ana.410330109

3. Lassen LH, Haderslev PA, Jacobsen VB, Iversen HK, Sperling B, Olesen J: CGRP may play a
causative role in migraine. Cephalalgia. 2002, 22:54-61. 10.1046/j.1468-2982.2002.00310.x

2019 Akhtar et al. Cureus 11(6): e4796. DOI 10.7759/cureus.4796 5 of 6

https://dx.doi.org/10.1016/0166-2236(85)90050-5
https://dx.doi.org/10.1016/0166-2236(85)90050-5
https://dx.doi.org/10.1002/ana.410330109
https://dx.doi.org/10.1002/ana.410330109
https://dx.doi.org/10.1046/j.1468-2982.2002.00310.x
https://dx.doi.org/10.1046/j.1468-2982.2002.00310.x


4. Durham PL: Calcitonin gene-related peptide (CGRP) and migraine . Headache. 2006, 46:3-8.
10.1111/j.1526-4610.2006.00483.x

5. Edvinsson L: CGRP receptor antagonists and antibodies against CGRP and its receptor in
migraine treatment. Br J Clin Pharmacol. 2015, 80:193-199. 10.1111/bcp.12618

6. Tso AR, Goadsby PJ: Anti-CGRP monoclonal antibodies: the next era of migraine prevention? .
Curr Treat Options Neurol. 2017, 19:27. 10.1007/s11940-017-0463-4

7. Van Rossum D, Hanisch UK, Quirion R: Neuroanatomical localization, pharmacological
characterization and functions of CGRP, related peptides and their receptors. Neurosci
Biobehav Rev. 1997, 21:649-678. 10.1016/S0149-7634(96)00023-1

8. Doods H, Hallermayer G, Wu D, Entzeroth M, Rudolf K, Engel W, Eberlein W: Pharmacological
profile of BIBN4096BS, the first selective small molecule CGRP antagonist. Br J Pharmacol.
2000, 129:420-423. 10.1038/sj.bjp.0703110

9. Bigal ME, Walter S, Rapoport AM: Calcitonin gene-related peptide (CGRP) and migraine
current understanding and state of development. Headache. 2013, 53:1230-1244.
10.1111/head.12179

10. Edvinsson L: CGRP receptor antagonists and antibodies against CGRP and its receptor in
migraine treatment. Br J Clin Pharmacol. 2015, 80:193-199. 10.1111/bcp.12618

11. Deen M, Correnti E, Kamm K, et al.: Blocking CGRP in migraine patients - a review of pros and
cons. J Headache Pain. 2017, 18:96. 10.1186/s10194-017-0807-1

12. Diener HC, Barbanti P, Dahlöf C, Reuter U, Habeck J, Podhorna J: BI 44370 TA, an oral CGRP
antagonist for the treatment of acute migraine attacks: results from a phase II study.
Cephalalgia. 2011, 31:573-584. 10.1177/0333102410388435

13. Ho TW, Ferrari MD, Dodick DW, et al.: Efficacy and tolerability of MK-0974 (telcagepant), a
new oral antagonist of calcitonin gene-related peptide receptor, compared with zolmitriptan
for acute migraine: a randomised, placebo-controlled, parallel-treatment trial. Lancet. 2008,
372:2115-2123. 10.1016/S0140-6736(08)61626-8

14. Marcus R, Goadsby PJ, Dodick D, Stock D, Manos G, Fischer TZ: BMS-927711 for the acute
treatment of migraine: a double-blind, randomized, placebo controlled, dose-ranging trial.
Cephalalgia. 2014, 34:114-125. 10.1177/0333102413500727

15. Tfelt‐Hansen P, Loder E: The emperor’s new gepants: are the effects of the new oral CGRP
antagonists clinically meaningful?. Headache. 2019, 59:113-117. 10.1111/head.13444

16. Detke HC, Goadsby PJ, Wang S, Friedman DI, Selzler KJ, Aurora SK: Galcanezumab in chronic
migraine: the randomized, double-blind, placebo-controlled REGAIN study. Neurology. 2018,
91:2211-2221. 10.1212/WNL.0000000000006640

17. Mateen FJ, Dua T, Steiner T, Saxena S: Headache disorders in developing countries: research
over the past decade. Cephalalgia. 2008, 28:1107-1114. 10.1111/j.1468-2982.2008.01681.x

18. Headache disorders. (2016). Accessed: April 8, 2016: https://www.who.int/news-room/fact-
sheets/detail/headache-disorders.

19. Calcitonin gene-related peptide (CGRP) inhibitors as preventative treatments for patients
with episodic or chronic migraine: effectiveness and value. (2018). Accessed: January 18,
2019: https://icer-review.org/wp-
content/uploads/2017/11/ICER_Migraine_Final_Evidence_Report_070318.pdf.

20. Burch R, Rayhill M: New preventive treatments for migraine . BMJ. 2018, 361:2507.
10.1136/bmj.k2507

21. Young WB, Park JE, Tian IX, Kempner J: The stigma of migraine . PLoS One. 2013, 8:54074.
10.1371/journal.pone.0054074

22. Mitsikostas DD, Reuter U: Calcitonin gene-related peptide monoclonal antibodies for
migraine prevention: comparisons across randomized controlled studies. Curr Opin Neurol.
2017, 30:272-280. 10.1097/WCO.0000000000000438

23. Taylor FR: CGRP, amylin, immunology, and headache medicine. Headache. 2019, 59:131-150.
10.1111/head.13432

24. D'Amico D, Tepper SJ: Prophylaxis of migraine: general principles and patient acceptance.
Neuropsychiatr Dis Treat. 2008, 4:1155-1167.

2019 Akhtar et al. Cureus 11(6): e4796. DOI 10.7759/cureus.4796 6 of 6

https://dx.doi.org/10.1111/j.1526-4610.2006.00483.x
https://dx.doi.org/10.1111/j.1526-4610.2006.00483.x
https://dx.doi.org/10.1111/bcp.12618
https://dx.doi.org/10.1111/bcp.12618
https://dx.doi.org/10.1007/s11940-017-0463-4
https://dx.doi.org/10.1007/s11940-017-0463-4
https://dx.doi.org/10.1016/S0149-7634(96)00023-1
https://dx.doi.org/10.1016/S0149-7634(96)00023-1
https://dx.doi.org/10.1038/sj.bjp.0703110
https://dx.doi.org/10.1038/sj.bjp.0703110
https://dx.doi.org/10.1111/head.12179
https://dx.doi.org/10.1111/head.12179
https://dx.doi.org/10.1111/bcp.12618
https://dx.doi.org/10.1111/bcp.12618
https://dx.doi.org/10.1186/s10194-017-0807-1
https://dx.doi.org/10.1186/s10194-017-0807-1
https://dx.doi.org/10.1177/0333102410388435
https://dx.doi.org/10.1177/0333102410388435
https://dx.doi.org/10.1016/S0140-6736(08)61626-8
https://dx.doi.org/10.1016/S0140-6736(08)61626-8
https://dx.doi.org/10.1177/0333102413500727
https://dx.doi.org/10.1177/0333102413500727
https://dx.doi.org/10.1111/head.13444
https://dx.doi.org/10.1111/head.13444
https://dx.doi.org/10.1212/WNL.0000000000006640
https://dx.doi.org/10.1212/WNL.0000000000006640
https://dx.doi.org/10.1111/j.1468-2982.2008.01681.x
https://dx.doi.org/10.1111/j.1468-2982.2008.01681.x
https://www.who.int/news-room/fact-sheets/detail/headache-disorders
https://www.who.int/news-room/fact-sheets/detail/headache-disorders
https://icer-review.org/wp-content/uploads/2017/11/ICER_Migraine_Final_Evidence_Report_070318.pdf
https://icer-review.org/wp-content/uploads/2017/11/ICER_Migraine_Final_Evidence_Report_070318.pdf
https://dx.doi.org/10.1136/bmj.k2507
https://dx.doi.org/10.1136/bmj.k2507
https://dx.doi.org/10.1371/journal.pone.0054074
https://dx.doi.org/10.1371/journal.pone.0054074
https://dx.doi.org/10.1097/WCO.0000000000000438
https://dx.doi.org/10.1097/WCO.0000000000000438
https://dx.doi.org/10.1111/head.13432
https://dx.doi.org/10.1111/head.13432
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2646645/

	The Role of Anti-calcitonin Gene-related Peptide in Migraine and its Implication in Developing Countries: A Reasonable Option to Consider Despite Higher Cost
	Abstract
	Introduction And Background
	CGRP and migraine pathophysiology

	Review
	Efficacy of gepants: based on two hours pain-free interval studies
	Efficacy of antibodies against CGRP: based on phase III and phase II clinical trials
	TABLE 1: The efficacy of current monoclonal antibodies in management of chronic migraine in terms of mean reduction of headache days per month.

	Headache disorder in developing countries: migraine being the most documented literature over the past decade
	TABLE 2: Three barriers to the effective treatment of headache disorders by WHO.

	The role of CGRP monoclonal antibodies in developed countries: why is it still a reasonable choice despite being an expensive treatment?
	Other aspects of CGRP antagonists
	Current treatment for migraine when compared to CGRP (receptor) blockers

	Conclusions
	Additional Information
	Disclosures

	References


