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Abstract
Increasing knowledge about the role of calcitonin gene-related peptide (CGRP) in
migraine pathophysiology has led to the development of antibodies against this
peptide or its receptor. However, CGRP is widely expressed throughout the body,
participating not only in pathophysiological conditions but also in several physi-
ological processes and homeostatic responses during pathophysiological events.
Therefore, in this chapter, the risks of long-term blockade of the CGRP pathway
will be discussed, with focus on the cardiovascular system, as this peptide has
been described to have a protective role during ischemic events, and migraine
patients present a higher risk of stroke and myocardial infarction.
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1 Introduction

Migraine is a highly disabling neurovascular disorder (Stovner et al. 2018). As
mentioned in the previous chapters, calcitonin gene-related peptide (CGRP) has
been described to play an important role in migraine pathophysiology (Edvinsson
2017; Goadsby et al. 2002). As a result, the CGRP pathway has become a promising
target.

Initially, CGRP receptor antagonists (gepants) were developed for the acute
treatment of migraine and proved to be effective (Doods et al. 2000; Edvinsson
and Linde 2010). Unfortunately, pharmacokinetic limitations and hepatotoxicity
cases did not allow the initial gepants to reach the market (Negro et al. 2012).
New gepants are currently in Phase II trials for the acute and prophylactic treatment
of migraine, with no hepatotoxicity reported (Holland and Goadsby 2018; Tepper
2018); nevertheless, the concerns about the hepatotoxicity reports led to the devel-
opment of CGRP (receptor) antibodies for the prophylactic treatment of migraine
(Deen et al. 2017; Schuster et al. 2015; Wrobel Goldberg and Silberstein 2015).
Preliminary results of the clinical trials are promising and have not reported serious
side effects (Mitsikostas and Reuter 2017); however, it is important to consider the
physiological role of this peptide and the possible side effects after long-term
blockade of the CGRP pathway.

In this chapter, the role of CGRP in physiological processes will be described,
with focus on the cardiovascular system, as migraine patients present a higher risk of
stroke and myocardial infarction (Etminan et al. 2005; Kurth et al. 2009; Sacco et al.
2013; Scher et al. 2005).

2 CGRP and the Cardiovascular System

CGRP and its fibers are widely distributed in peripheral and central structures. In the
cardiovascular system, sensory CGRPergic fibers have been described to innervate
the blood vessels and the heart (Opgaard et al. 1995; Uddman et al. 1986;
Wimalawansa and MacIntyre 1988). Several studies have shown that CGRP plays
an important role in the regulation of blood pressure and in the homeostatic
responses during ischemic events and hypertension (HT) (Edvinsson et al. 1998;
Keith et al. 2000; Lindstedt et al. 2006; MaassenVanDenBrink et al. 2016;
McCulloch et al. 1986; Russell et al. 2014).

2.1 CGRP and Hypertension

As mentioned above, CGRP has been demonstrated to be involved in the regulation
of blood pressure. Although its role under physiological conditions may be limited
(Smillie and Brain 2011), it seems to act as a protective/compensatory mechanism
during HT (Smillie et al. 2014). In accordance with this hypothesis, in the
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deoxycorticosterone-salt HT model, CGRP knockout mice had a significant increase
in 24-h mean arterial pressure (MAP) and renal damage when compared to wild
types (Jianping et al. 2013), while in non-treated animals, only the 7-day average of
the daytime MAP was significantly increased (Mai et al. 2014). Moreover, in a
model of angiotensin II-induced HT, CGRP knockout mice exhibited an enhanced
increase in MAP and aortic hypertrophy. This was accompanied by an upregulation
of the CGRP receptor components expression, reinforcing the role of CGRP release
as a safeguard mechanism against the onset and maintenance of HT (Smillie et al.
2014). This increase in blood pressure has been associated to an elevated sympa-
thetic activation, as CGRP knockout mice show an increase in urine and plasma
markers of catecholamine release (Mai et al. 2014). Indeed, bolus injections of the
CGRP antagonist olcegepant enhance the vasopressor sympathetic outflow in pithed
rats (Avilés-Rosas et al. 2017). Moreover, CGRP is not only involved in peripheral
mechanisms, but it also participates in the maintenance of cerebrovascular reactivity
during chronic HT (Wang et al. 2015).

The abovementioned studies support the role of CGRP in blood pressure regula-
tion during HT. As a result, a novel CGRP analogue was recently developed to
improve and reverse cardiovascular disease. Results from in vivo preclinical models
of hypertension and cardiac failure showed positive antihypertensive effects, an
attenuation of cardiac remodeling, and an increase in angiogenesis and cell survival
after administration of the CGRP analogue (Aubdool et al. 2017).

2.2 CGRP and Ischemia

During severe HT and focal cerebral ischemia, CGRP has been demonstrated to act
as a neuroprotector, by increasing cerebral blood flow (Moskowitz et al. 1989; Sakas
et al. 1989; Zhang et al. 2011). In rats, if CGRP is administrated at the beginning of
reperfusion after experimental cerebral artery occlusion, a reduction in brain edema
is observed, probably due to a decrease in the blood-brain barrier disruption (Liu
et al. 2011). In patients with subarachnoid hemorrhage (SAH), higher levels of
plasma CGRP have been associated with delayed vasospasm (Juul et al. 1990) and
infusion of CGRP further reduced vasospasm (Juul et al. 1994). Similarly, in another
cohort of patients with SAH, CGRP levels in cerebrospinal fluid of patients without
vasospasm were significantly higher than the levels of patients with vasospasm, with
the former group not developing cerebral ischemia (Schebesch et al. 2013). In an
experimental rat model of SAH, CGRP expression was decreased; however, an
enhanced CGRP-dependent vasodilation was observed (Edvinsson et al. 1990).
Finally, vasospasm after induction of SAH by placing a clot around the internal
carotid artery bifurcation was significantly ameliorated in monkeys that were treated
with slow-release CGRP tablets, consisting of compressed microspheres containing
CGRP, and that were placed in the cerebrospinal fluid (Inoue et al. 1996). Due to
their composition, these compressed microsphere tablets released CGRP for a period
of several weeks, providing proof-of-concept data suggesting CGRP agonism as a
possible therapeutic target for SAH patients.
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In myocardial ischemia, CGRP is also considered to be released as a protective
mechanism. Preclinical studies in rats and mice show protective hemodynamic and
metabolic changes mediated by CGRP in response to ischemic events (Chai et al.
2006; Gao et al. 2015; Homma et al. 2014; Lei et al. 2016). Moreover, in clinical
studies, intravenous administration of CGRP resulted in a decrease of both systolic
and diastolic arterial pressure and an increase of heart rate (Gennari and Fischer
1985). Furthermore, when infused in patients with congestive heart failure,
myocardial contractility is improved (Gennari et al. 1990). Interestingly, lower
plasma levels of CGRP have been reported in patients with diabetes mellitus and
coronary artery disease, when compared to controls, suggesting an alteration in the
CGRP (cardioprotective) pathway (Wang et al. 2012). Obviously, these observations
need to be confirmed in future, and it should be elucidated whether potential changes
in patients with cardiovascular disease reflect a cause or consequence of this disease.

2.3 CGRP and Preeclampsia

CGRP also seems to be involved in the vascular adaptations during pregnancy, as
plasma levels increase through the gestation period, reaching their maximum during
the last trimester and normalizing after delivery. However, in preeclampsia, a
pregnancy disorder characterized by high blood pressure and proteinuria, CGRP
levels are lower (Yadav et al. 2014). The mechanisms behind this are not yet known
but indicate an alteration in the CGRP signaling, similar as observed in patients with
cardiovascular disease.

3 Cardiovascular Risk and Migraine

Numerous studies have shown that migraine patients present an increased risk of
hemorrhagic and ischemic stroke, with the risk being higher for women (Chang et al.
1999; Etminan et al. 2005; Sacco et al. 2013; Schurks et al. 2009; Spector et al. 2010;
Tzourio et al. 1995). Moreover, a higher risk of myocardial infarction, coronary
artery disease, and altered arterial function has also been described (Scher et al.
2005; Vanmolkot et al. 2007). Unfortunately, the mechanisms behind these
increases are not clear, but it is thought to involve genetic aspects and vascular
dysfunction, among other factors. This poses a concern, as currently the main novel
therapeutic target for migraine treatment is blocking CGRP or its receptor, which
could increase cardiovascular risk (Deen et al. 2017; MaassenVanDenBrink et al.
2016).

3.1 Cardiovascular Risk, Migraine, and Women

Migraine is almost three times more prevalent in women than in men (Buse et al.
2013). Frequency, intensity of headaches, disability, and chronification have also

134 E. Rubio-Beltrán and A. M. van den Brink



been reported to be higher in female patients (Buse et al. 2013; Labastida-Ramirez
et al. 2017). In addition, women with migraine present a higher risk of stroke when
compared to men with migraine, and, as before menopause the prevalence of
cardiovascular events is rather low, after menopause the occurrence rises sharply
(Bushnell et al. 2014; Mieres et al. 2014).

In myocardial infarction, sex-related differences have also been observed.
Women usually present angina-like chest pain and a positive response to stress
testing but no visible obstructions during angiography as it is caused by vasospasms
of the small intramyocardial portions of the coronary arteries (Humphries et al. 2008;
Kaski et al. 1995). On the contrary, men usually present with occlusions of the
proximal conducting portion, which are evident during an angiography (Fig. 1). This
disparity may represent a downside for female migraine patients undergoing treat-
ment with CGRP (receptor) blockade, as CGRP-dependent vasodilation (and
cardioprotection) in coronary arteries is more pronounced in the distal portions
than in the proximal portions (Chan et al. 2010; Gulbenkian et al. 1993;
MaassenVanDenBrink et al. 2016). Moreover, CGRP signaling seems to be
modulated by ovarian steroid hormones, as women have higher plasma levels than
men, and the levels increase when patients are under contraceptives (Valdemarsson
et al. 1990). Furthermore, the decrease in blood pressure and the positive inotropic
effect induced by CGRP administration have been described to be enhanced when
17β-estradiol or progesterone is co-administered (Al-Rubaiee et al. 2013; Gangula
et al. 2002). This evidence, taken together, strongly suggests a (protective) synergis-
tic interaction between ovarian steroid hormones and CGRP and reiterates the
concerns about CGRP (receptor) blockade in women, as this could increase their
risk of suffering an ischemic event even more, especially after menopause.

Fig. 1 Theoretical concerns after long-term blockade of CGRP (receptor). Migraine patients
present an increased risk of cardiovascular disease, and CGRP participates as a safeguard during
ischemic events which suggest that after CGRP blockade, the (cardio)vascular risk could increase
further. In myocardial ischemia, CGRP seems to have a more prominent role in the distal portion
than in the proximal portion of the coronary arteries, which may represent a downside for women,
as ischemic events in the distal portion are more common in female patients, while proximal
obstructions are more prevalent in male patients
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4 Safety Assessment of CGRP Blockade

Considering the increased cardiovascular risk of migraine patients discussed in the
previous section, it is important to perform studies that correctly assess the safety of
CGRP (receptor) blockade. For such a purpose, cardiovascularly compromised
subjects should be included that properly represent the population of migraine
patients potentially using these drugs.

Unfortunately, even though the grand majority of the CGRP (receptor) antibodies
have been approved, currently only one group has evaluated their cardiovascular
safety profile in cardiovascularly compromised patients (Depre et al. 2018). In this
study, a randomized, double-blind, placebo-controlled trial was performed to evalu-
ate the effect of erenumab, a fully human monoclonal antibody directed against the
CGRP receptor, on exercise time during a treadmill test in patients with stable angina
pectoris. The authors reported no alterations in performance between patients
receiving erenumab and placebo. Apart from serious pharmacological concerns
about the validity of this specific study, because no evidence was presented on
whether effective CGRP receptor blockade was achieved at the time of the treadmill
test (Maassen van den Brink et al. 2018), the study population needs further
attention.

In the study from Depre et al., the patients included suffered from stable angina
pectoris, most likely due to stenosis of the epicardial conducting portions of the
coronary artery. As discussed previously, the role of CGRP is limited in the proximal
coronary artery (Chan et al. 2010). Whereas most patients using the antibodies will
be female, this study included 78% males, as stable angina related to epicardial
stenosis is mainly present in male patients. Thus, women, who pose a major concern
and may suffer from microvascular disease, where CGRP may be a relevant media-
tor, were underrepresented in this study.

While in some cases performing appropriate studies in relevant patient groups
may be ethically and practically challenging, preclinical studies are excellent to shed
more light on the role of CGRP in cardiovascular regulation. In this light, it is
important also to take into account potential differences between short-term and
long-term blockade of CGRP or its receptor in models of cardiovascular disease in
both male and female animals.

5 Conclusion

CGRP plays an important role in (cardio)vascular protection. However, it is also
involved in migraine pathophysiology, and the current novel treatments involve
CGRP (receptor) blockade. As migraine patients present higher cardiovascular risk,
with women at higher risk, chronic blockade of the CGRP pathway poses a concern.
While the initial clinical trials don’t indicate frequent adverse events, it is of crucial
importance to correctly evaluate the safety profile of these novel drugs, in order to
prevent serious adverse effects when these drugs will be used on a large scale.
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