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Abstract 
A new era in migraine prophylaxis has begun 
with the launch of antibodies blocking the 
Calcitonin-Gene Related Peptide (CGRP) 
pathway.  These substances act across the entire 
frequency spectrum of migraine and have a 
tolerability superior to any other class of oral 
migraine preventatives based on our clinical 
and experimental knowledge of a 5- year period 
of use.  Their superior tolerability profile may 
be due to their specificity.  New questions have 
also arrived with these drugs ranging from the 
duration of therapy and treatment pause to 
the question of which monoclonal antibodies 
(mAb) for which patient - a question which 
we cannot answer at this stage. Nevertheless, 
CGRP – (R) mAbs offer a class of migraine 
prophylactics with significant advantages over 
older medications.     

Migraine is a complex disorder of the 
central nervous system (CNS) that 
affects up to 15% of the adult population 

with a predominance in females. While the vast 
majority of individuals with migraine suffer 
from very low frequency episodic migraine 
(<4 monthly migraine days (MMD) /month), a 
significant minority that are severely affected 
by the disorder require pharmacological 
migraine prevention (<20%). These are in 
general individuals with chronic migraine or 
high frequency episodic migraine with at least 
8 MMD. In subjects with low frequency episodic 
migraine prophylaxis can also be necessary 
depending on the success of single attack therapy.    
   The pharmaceutical treatment armentarium 
of prophylactics consists of oral preventatives 
such as topiramate, beta blockers, tricyclics 
and others, which were developed for other 
diseases and made their way into migraine 
by chance.  Onabotulinum toxin (i.m.) is only 
licensed for the prevention of chronic migraine.  
 Drugs targeting Calcitonin gene related 
peptide (CGRP) or the CGRP-receptor (R) were 
introduced in Europe in autumn 2018. They 
form the only class of substances specifically 
designed for the prevention of migraine.  All 
four CGRP-(R) mAbs are approved for the 
prevention of migraine in patients with at least 4 
MMD, which includes patients with episodic and 
chronic migraine. Chronic migraine is defined as 
a headache disorder with at least 15 headache 
days /month of which at least 8 need to have 
migrainous features (for more than 3 months). 
Numerous analyses indicated that these drugs 
have significantly better tolerability than older 
medications [1]. 

Characteristics of CGRP- (R) mAbs 
The first Food and Drug Administration (FDA) 
and European Medicines Agency (EMA)  
approved CGRP antibody was erenumab, which 
is the only one that binds and blocks the CGRP 
receptor. Subsequently the antibodies blocking 
CGRP named galcanezumab, fremanezumab 
and most recently eptinezumab became 
available. While the first three launched 
antibodies are used in a s.c. formulation, 
eptinezumab is administered intravenously. 
These substances are highly specific and 
seem to act outside the CNS at the level of 
the trigeminal ganglion and/or at the node of 
Ranvier of primary afferent trigeminal neurons.  
   Possible actions may also include mast cells 
and meningeal arteries.  Due to their molecular 
size, they do not penetrate the blood brain 
barrier in relevant amounts. CGRP-(R) mAbs 
are metabolised by the reticular endothelial 
system and are thereby devoid of liver or kidney 
toxicity.  Typically, they do not interact with other 
medications. CGRP and the CGRP receptor 
exists in numerous tissues throughout the body.  

Since CGRP and the CGRP-(R) are involved 
in arterial vasodilation, a potential risk of 
deterioration of vascular disease such as 
angina, myocardial infarction or stroke with 
the use of these mAbs was suspected prior 
to clinical use. These adverse events have 
fortunately not been described in real world 
studies with a clear causal relationship to 
the use of CGRP blocking agents. Of note 
one case of stroke has been described with a 
temporal relationship to a mAb injection [2].    
 A treadmill trial in males with severe 
cardiovascular disease, who were exposed to 
IV erenumab or a placebo did not show any 
different results between both groups, indicating 
that redundant mechanisms for vasodilation 
may exist. Whether the results of this trial 
in males reflect conditions in women with 
predominantly small vessel artery disease is a 
matter of debate.  However, the FDA has issued 
a warning from post-marketing surveillance that 
blocking the CGRP receptor with erenumab 
may lead to an increased risk of hypertension 
or the deterioration of existing hypertension. 
Also, constipation has been described as a side 
effect of  erenumab and to a smaller degree 
with CGRP ligand mAbs. According to clinical 
trials and real-world observations, constipation 
is typically mild and does not usually lead to 
treatment termination. 

Other adverse events of CGRP-(R) mAbs 
include anaphylaxis (more pronounced when 
using an IV formulation), allergic reactions 
or local pain and swelling after injection. The 
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worsening or development of Raynaud´s 
syndrome has also been described.  Of note, 
in a mouse model of transient ischaemia two 
small molecule CGRP receptor antagonists led 
to increased infarct size due to reduced blood 
flow [3].  

Efficacy of CGRP- (R) mAbs 
In the meantime, real world studies have 
confirmed efficacy and tolerability data 
from Phase II and III placebo-controlled 
randomised, double-blind clinical trials 
(Figure 1). In fact, the efficacy of erenumab, 
galcanezumab and fremanezumab exceeds 
data from clinical trials especially in the most 
severely affected patient populations with 
frequent migraine days and numerous prior 
preventive unsuccessful therapies. Several 
groups across the globe reported convincing 
efficacy data in different ethnic populations.  
  The most severely affected patients have 
not been studied in placebo controlled, 
randomised, double-blind clinical trials.   Only 
patients with up to four unsuccessful preventive 
therapies have been studied in this design (see 
Table 1). The first of this series of studies in 
episodic migraine (EM) (LIBERTY; 9.4 MMDs at 
baseline) with a monthly dose of erenumab  s.c. 
140 mg, or placebo showed that 30% of patients 
on erenumab reach at least a 50% reduction 
of MMD in the third treatment month [4].  
   Subsequent trials with fremanezumab and 
galcanezumab confirmed these findings 
and expanded upon the chronic migraine 
spectrum [5,6]. Most recently the intravenous 
formulation of eptinezumab completed this 
successful series of studies [7]. In general, the 
secondary endpoints were also reached in 
these studies. These include the reduction of 
acute medication use or the improvement of 
quality of life or total migraine burden in the 
CONQUER study with galcanezumab [6]. All 
four studies revealed that the number of prior 
non-successful therapies does not predict the 
success of CGRP- (R) mAb prophylactic therapy.  

Long term follow up of the LIBERTY trial 
showed a consistency of efficacy up to 3 years 
with monthly erenumab 140mg with a 50% 
reduction in MMD in more than 50% of study 
participants. The high retention rate (>70%) 
of participants in the trial over three years 
especially indicates a beneficial tolerability and 
efficacy profile of erenumab. Three-year data 
of the CGRP antibodies in this more difficult 
population of individuals with migraine have 
not been reported. However, one-year data exist 
and indicate consistency of efficacy and no 
new adverse events.  

Prior to these clinical trials, all CGRP-(R) 
were studied in patients with episodic and 
chronic migraine with up to two and three, 
respectively, previous preventive treatment 
failures, a population typically seen by 
headache specialists.  Needless to say, all four 
substances passed these trials successfully. For 
example, the STRIVE study showed the efficacy 
of erenumab 70 mg and 140 mg in a six-month 
trial versus placebo [8]. In the galcanezumab 
clinical trials the loading dose of 240 mg 
followed by monthly doses of 120 mg were 
identified as the ideal treatment scheme in EM 
and CM for this substance based on efficacy 
and tolerability [9]. The EM trial by Dodick 
et al., showed that the efficacy of quarterly 
doses of fremanezumab (675 mg s.c.) is in 

the range of the monthly dosing scheme (225 
mg s.c.) without additional side effects [10].  
   The PROMISE trials identified the 100 mg 
and 300mg eptinezumab IV dose as the ideal 
dosing scheme for this substance [11]. In all of 
these studies active drugs also led to a greater 
improvement of headache related quality of 
life than the placebo. It is important to note 
that all substances resulted in the improvement 
in several of the following fields: reduction of 
specific/unspecific acute migraine medication, 
work and productivity, total migraine burden 
and migraine related disability. All four mAbs 
have also demonstrated efficacy in the chronic 
migraine patient population [12]. Unfortunately, 
these trials consisted of only a three month 
double blind treatment phase, which is too 
short to explore the full efficacy of active drugs 

vs placebo in this patient population. However, 
long term open label study data in CM patients 
exist up to one year [13]. Most certainly the 
efficacy is sustained for a period of at least one 
year. Based on these open label trials it appears 
that the efficacy of CGRP-(R) mAbs increases 
over time in the CM population, but the lack of a 
placebo group does not allow us to make such 
statement with certainty.  

In several European countries CGRP-(R) 
mAb therapy for migraine prophylaxis must 
be stopped after 9-12 months of successful 
therapy in order to evaluate disease modifying 
effects i.e. the ongoing reduction of MMDs in a 
drug free interval. Most recently published real 
world data from Italy, Switzerland and Germany 
showed that MMD increase from months 2 
onwards after treatment termination [14]. In 
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Table 1: Results from CGRP-(R) mAbs in placebo controlled, randomised, double blind  trials in 
patients with 2-4 non successful therapies.

Substance 

YoP* 

Erenumab  

(2018)

Fremanezumab 

(2019)

Galcanezumab 

(2021)

Eptinezumab 

(2022)

LIBERTY 

NCT03096834

FOCUS 

NCT03308968

CONQER 

NCT03559257

DELIVER 

NCT04418765

Population EM EM/CM EM/CM EM/CM

Dosage 140 mg/pl 225mg/675mg/pl 120mg/pl 100mg/300mg/pl

n 121/125 283/276/279 232/230 299/294/298

Baseline MMD 9,2/9,3 14,1/14,1/14,3 13,4/13,0 13,8/13,7/13,9

Primary 
endpoint

50% RR in 
weeks 8-12 of 
the DB period

Change From 
Baseline in Monthly 
Average Number 
of Migraine Days 
During the 12-Week 
DB period

Mean Change 
from Baseline in 
the Number of 
Monthly Migraine 
Headache Days 
[Baseline, Month 3]

Change from 
Baseline in the 
Number of 
Monthly Migraine 
Days (w 1-12)

30,3%/13,7% -4,1/-3,7/-0,6 -4,1/-1 -4,8 /-5,3 /-2,1

SAEs 1,6/0,8% 3,8%/3,6%/4,2% 1%/1% 2%/2%/1%

Adverse events 37/34 28/32/31 9/13 42/41/40

* YoP: Year of publication; pl: placebo

Figure 1: Placebo subtracted 50% Responder rates in placebo controlled, randomized, double-blind EM trials; blue bars  
indicate a trial duration of 6 month; grey bars indicate a trial duration of 3 months.
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the 3rd month of medication pause, MMDs in 
most patients are close to the baseline levels 
before CGRP mAb initiation. In line, the quality 
of life deteriorates significantly during the 
drug holiday as assessed by HIT-6, EuroQol-5-
Dimension-5-Level (ED-5D-5L) form and the 
Short-Form 12 (SF-12).  These findings indicate 
that CGRP mAbs have no disease modifying 
effects. Raffaelli et al showed in a small sample 
(n=39) that 72,8% of patients responded after 
resumption of therapy to the same CGRP 
mAb they had before the medication pause 
[15]. Although controlled randomised studies 
are missing the implementation of a forced 
medication pause in patients successfully 

treated with a CGRP mAb is of limited use.   
The CGRP mAbs are safe molecules in the 

prophylaxis of migraine with good tolerability. 
Recently 5-year data has been published for 
erenumab. In this cohort the efficacy was 
sustained during the entire trial period and 
no new adverse events were discovered [17]. 
In most European countries CGRP – (R) mAbs 
are not first line therapies for the prevention 
of migraine, mainly due to country specific 
economic reasons. However, looking at the data 
and comparing the CGRP- (R) mAbs to oral 
migraine prophylactics  there is little rationale 
behind such a decision on scientific grounds. In 
fact, erenumab was studied versus topiramate 

in a randomised double-blind, double dummy 
trial in migraine prophylaxis in 777 patients 
with 10.4 MMDs at baseline. As expected, 
erenumab had a better tolerability in this trial 
than topiramate. However, the effectiveness 
of therapy was also significantly better in the 
erenumab group than the topiramate group 
[15]. Also, in study completers erenumab was 
more efficacious than a daily dose of 92 mg of 
topiramate.    

In summary, CGRP mAbs offer a class of 
effective and tolerable migraine preventive 
medications, which should be considered as 
therapy by physicians at all times of a patient’s 
migraine journey.  
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The trial was run by the University of 
Nottingham, conducted between 
18th March 2022 and 5th of March 

2023, sponsored by Nottingham University 
Hospitals NHS Trust. The aim was to evaluate 
the effectiveness of the Neupulse device in 
reducing the severity and frequency of tics 
in individuals with Tourette Syndrome. A total 
of 121 participants took part in the study 
and went on to receive either active or sham 
stimulation for 10 minutes a day for four weeks. 

   The results of the study revealed that people 
who received active stimulation experienced 
a significant reduction in the severity and 
frequency of their tics. On average, they 
saw a reduction in tic frequency of more 
than 25% while they received stimulation. 
   After using the device for 4 weeks, people 
who received active stimulation experienced a 
reduction in their tic severity of more than 35%. 
In total, 59% of the people who received active 
stimulation experienced a reduction in tic 

severity of at least 25% 
compared to baseline.    
  These positive results 
will help start the 
development of a 
commercial medical 
device, that will run 
for the next 18 months. 
Neupulse hope to obtain regulatory approval 
for a commercial device by 2025 and have a 
device available by 2026.

Beneficial effects of median nerve stimulation on Tourette syndrome
Results of UK-wide double-blind sham-controlled clinical trial of the Neupulse device for suppressing tics in Tourette syndrome
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