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Therapeutic Advances in 
Neurological Disorders

Introduction
Migraine prevention is an important component of 
overall migraine management; it is recommended 
not only to reduce migraine attack frequency, 
severity, duration, and related disability but also to 
improve responsiveness to acute medications (and 

avoid escalation in use and reduce reliance on 
them), to improve health-related quality of life, and 
to reduce headache-associated distress, psycho
logical symptoms, and overall costs.1 Preventive 
therapies are recommended for a broad segment  
of patients with migraine, including those who 
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experience frequent and/or disabling attacks and 
those who cannot use, do not use, or use more  
than the recommended dosage of acute therapies  
(Table 1).1,2 However, until 2018, treatments for 
the pharmacologic prevention of migraine were pri-
marily oral medications initially developed for other 
therapeutic uses. Some of these have established 
efficacy in migraine prophylaxis, but many other 
off-label treatments are used based on clinical expe-
rience alone rather than supportive evidence.

Beta-blockers, tricyclic antidepressants, and antie-
pileptic medications have long been used for the 

preventive treatment of migraine and have been 
recommended in clinical guidelines; however, they 
are limited in overall preventive effectiveness.1,3 
Titration typically takes at least 2, and often, up to 
6 months to determine efficacy in a given patient 
due to pharmacokinetic profiles and individualized 
dosing requirements;3–5 this leaves patients 
exposed to high levels of migraine activity for an 
undesirable amount of time before optimal effect is 
achieved. An additional challenge is that adher-
ence and persistence with traditional migraine pre-
ventive therapies is low;6,7 this is not surprising 
given that patients with migraine consider speed of 

Table 1.  International Classification of Headache Disorders, third edition, criteria for migraine, and chronic 
migraine.

Migraine

(A)	� At least five attacks fulfilling criteria B–D

(B)	� Headache attacks lasting 4–72 h (when untreated or unsuccessfully treated)

(C)	� Headache has at least two of the following four characteristics:

1.	� Unilateral location

2.	� Pulsating quality

3.	� Moderate or severe pain intensity

4.	� Aggravation by or causing avoidance of routine physical activity (e.g., walking or climbing stairs)

(D)	� During headache at least one of the following:

1.	� Nausea and/or vomiting

2.	� Photophobia and phonophobia

(E)	� Not better accounted for by another diagnosis

Chronic migraine

(A)	� Migraine-like or tension-type-like headache on > 15 days/month for > 3 months that fulfill criteria B 
and C

(B)	� Occurring in a patient who has had at least five attacks fulfilling criteria B–D for migraine without aura 
and/or criteria B and C for migraine with aura

(C)	� On ⩾ 8 days/month for > 3 months, fulfilling any of the following:

1.	� Criteria C and D for migraine without aura

2.	� Criteria B and C for migraine with aura

3.	� Believed by the patient to be migraine at onset and relieved by a triptan or ergot derivative

(D)	� Not better accounted for by another diagnosis

ICHD-3, International Classification of Headache Disorders, third edition.
Reproduced with permission of International Headache Society.2
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onset as one of the most important attributes of 
preventive treatment (second only to efficacy)8, 
and they often make decisions about switching or 
discontinuing therapy early in the course of treat-
ment.6,7 Side effects are also commonly cited as a 
reason for the premature discontinuation of pre-
ventive therapies.9

OnabotulinumtoxinA was added to the armamen-
tarium for the preventive treatment of chronic 
migraine in 2010,10 having demonstrated the ability 
to reduce headache frequency in a more timely 
fashion in patients with chronic migraine, including 
those with medication overuse.11,12 Maintenance 
therapy is administered every 12 weeks, and contin-
ued use has been associated with ‘wearing off’ of 
benefit before 12 weeks in some patients.13,14

The more recent introduction of therapies target-
ing calcitonin gene-related peptide (CGRP) has 
garnered much interest in the headache commu-
nity, as these agents have not only consistently 
demonstrated early onset but have also exhibited 
sustained reduction of disease activity, thus offer-
ing great potential to improve the lives of patients 
and to minimize the burden of migraine on 
healthcare systems and society. The primary 
objective of this literature review is to identify and 
provide a synthesis of all available clinical trial 
evidence related to the rates and timing of the 
early onset of prevention in patients with migraine. 
A secondary objective is to identify any specific 
benefits of this early onset of migraine in terms of 
cost–benefit and patient-level outcomes.

Materials and methods
To evaluate the full impact of an early onset of pre-
ventive benefits, an evidence-based, hypothesis-
driven, scoping literature review was undertaken to 
identify all available evidence related to an early 
onset of prevention in patients with episodic or 
chronic migraine. The hypothesis of ‘Patients with 
migraine (episodic or chronic) report additional benefits 
when receiving an approved migraine preventive treat-
ment that demonstrates an early onset of prevention’ 
was utilized to form the basis of the literature 
search, with the term ‘early onset of prevention’ 
defined as the demonstration of preventive benefits 
within 1 month (30 days) of the initiation of treat-
ment. The search was conducted across multiple 
electronic literature databases (PubMed, 
EMBASE, and CINAHL) from 1988 (based on 
the establishment of the International Classification 

of Headache Disorders, first edition, diagnostic 
criteria)15 to 20 September 2020.

The literature search was performed in accord-
ance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines,16 with the hierarchy of evi-
dence for the analysis of identified publications 
based on the modified selection criteria of Guyatt 
et al.17 and Greenhalgh18. Grading of evidence 
was based on the Grading of Recommendations 
Assessment, Development and Evaluation 
(GRADE) methodology to assess the certainty 
and strength of clinical evidence.19 The literature 
search strategy was developed using a combina-
tion of Medical Subject Heading (MeSH) terms 
and keywords, with PubMed used as the primary 
literature database to structure the following 
search criteria:

•	 Research Hypothesis

°	 ‘Patients with migraine (episodic or 
chronic) report additional benefits when 
receiving an approved migraine treat-
ment that demonstrates an early onset 
of prevention’

•	 Patient population (search terms used)

°	 Adult (> 18 years); Young Adult 
(19‒24 years); Adult (19–44 years); Aged 
(> 65 years); Middle Aged (45–64 years); 
Middle Aged; Aged (> 45 years); 80 and 
above (> 80 years)

°	 Migraine; Migraine (Episodic); Migraine 
(Chronic); Migraine (High-Frequency 
Episodic); Transformed Migraine; Medi
cation Overuse; Medication Overuse 
Headache

•	 Therapeutic Indication

°	 Migraine Prevention; Migraine Preventive 
Therapy; Migraine Prophylaxis

•	 Approval

°	 Approved by the United States Food 
and Drug Administration20

•	 Outcomes

°	 Change in Migraine Frequency

°	 Change in Migraine Severity

°	 Change in Migraine Duration

°	 Change in Migraine Symptomatology

°	 Change in Patient-Reported Outcomes

°	 Change in Health-Related Quality of Life
•• Time Course

°	 Day 1; Week 1; Day 7; Week 4; Day 28; 
Month 1; Day 30

•	 Journal Type

https://journals.sagepub.com/home/tan
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°	 Peer-reviewed
•	 Language

°	 English
•	 Types of Evidence

°	 Clinical Study; Clinical Trial; Randomi
zed Controlled Trial; Multicenter Study; 
Observational Study; Meta-analysis; 
Systematic Review

•	 Literature Type

°	 Full Text; Free Full Text; Open Access
•	 Time Period

°	 1988–20 September 2020
•	 Hierarchy of Evidence

°	 Systematic Reviews; Meta-Analyses; 
Randomized Clinical Trials (RCTs) 
with definitive results; RCTs with non-
definitive results; Cohort Studies

•	 GRADE Level

°	 High; Moderate

The search was conducted on 21–24 September 
2020 to identify available scientific literature in 
support of the hypothesis and evidence that may 
support the null hypothesis (i.e. no additional 
benefits). Two independent medical researchers 
conducted the search under the guidance of the 
authors and extracted information from the arti-
cles, first by reviewing titles and abstracts and then 
by reviewing the full-text articles. Inter-rater reli-
ability was performed through the calculation of 
percentage agreement. A third-party reviewer 
(C.G.) was available to resolve and reconcile any 
disagreements. Relevant information regarding 
(1) study type, (2) number of patients and type of 
interventions used in the study, and (3) outcomes 
and parameters was recorded. Multiple publica-
tions from a unique study were included, and 
publications based on secondary, exploratory, or 
post hoc analyses. The National Clinical Trial 
(NCT) study number was recorded for all identi-
fied journal articles and used as a reference to rec-
ognize duplicate publications. Clinical trial records 
for each identified journal article were then exam-
ined on https://clinicaltrials.gov to identify any 
missing baseline characteristics, demographics, or 
patient numbers. Evidence from systematic litera-
ture reviews and meta-analyses was broken down 
into individual clinical trials, with the publications 
excluded once studies were identified.

Results
The PRISMA flowchart of the evidence-based lit-
erature search is shown in Figure 1. The initial 

search yielded 520 potentially relevant publica-
tions across all databases, with 90 articles excluded 
for being duplicate publications across the 
searched databases. A further 128 literature review 
articles were excluded. After screening the titles 
and abstracts of the remaining 302 articles, an 
additional 174 were excluded for not meeting the 
selection criteria [e.g. including pediatric patients 
(n = 3), being duplicate publications (e.g. a confer-
ence abstract being published as a full-text arti-
cle), containing duplicate data presentations, or 
not containing specific data related to the early 
onset of prevention]. A total of 27 systematic lit-
erature reviews were captured as part of the litera-
ture search, which were first assessed for any 
additional clinical trial evidence not already cap-
tured in the search and then excluded after new 
evidence was identified (none found). Full-text 
review of the remaining 128 articles excluded 17 
for failing to meet the predefined hierarchy criteria 
(i.e. open-label design). After screening and title/
abstract review, 128 articles were then subject to 
full-text review in relation to the predefined scop-
ing hypothesis; of these, 112 were excluded due to 
not meeting evidence criteria. No active-con-
trolled trials or observational studies were identi-
fied during the literature search process.

In total, 16 peer-reviewed articles were identified 
for inclusion in this evidence-based scoping 
review, which reported clinical benefits associated 
with the early onset of prevention from 18 rand-
omized, double-blind, placebo-controlled clinical 
trials in patients with either episodic or chronic 
migraine (Table 2). Evidence was found for the 
four approved anti-CGRP monoclonal antibodies 
(mAbs) [erenumab (n = 3), fremanezumab (n = 6), 
galcanezumab (n = 3), and eptinezumab (n = 4)] 
in patients with episodic and chronic migraine 
and for the chemodenervation agent [onabotuli-
numtoxinA (n = 2)] in patients with chronic 
migraine. No evidence for an early onset of pre-
vention was identified for any oral preventive 
agent currently approved or recommended for 
the prevention of migraine.

The evidence supporting early onset of prevention 
was generated across clinical trial populations that 
included patients with a diagnosis of either epi-
sodic or chronic migraine, supporting the robust-
ness of the data across a wide patient type (Figure 
2). For patients with migraine treated with eptine-
zumab in the PROMISE-133 or PROMISE-234 
studies, the early preventive benefits were observed 

https://journals.sagepub.com/home/tan
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as early as Day 1 post-treatment administration in 
a post hoc analysis, where eptinezumab 100 and 
300 mg reduced the likelihood of a migraine attack 
in the 24 h post-infusion by > 50% versus baseline 
and significantly more than placebo.35 Similar 
results were observed in the post hoc analysis of the 
EVOLVE-136 and EVOLVE-237 studies for gal-
canezumab,30 where the mean number of patients 
with headaches due to migraine each day of Week 
1 was significantly lower with galcanezumab com-
pared to placebo beginning Day 1 post-injection. 
In the fremanezumab clinical trials, more patients 
reported no headache of at least moderate severity 
by the next day following the first injection across 
multiple trials,25 with a significant reduction in 
migraine frequency compared to placebo within 
the first week of therapy.23,24,26,28,38 In patients 
treated with erenumab, there was a nominally 

significant reduction in weekly migraine days as 
early as Week 1 in the pooled post hoc analysis of 
patients with episodic or chronic migraine.21,22 In 
the pooled analysis of the PREEMPT clinical tri-
als39,40 for onabotulinumtoxinA in patients with 
chronic migraine,12 there was a reduction in head-
ache and migraine days as early as Week 1 when 
compared to placebo at the end of Week 4 post-
treatment. Across all identified studies, the early 
onset of prevention was also durable in nature, 
lasting through at least 12 weeks of treatment.

In addition to these clinical benefits associated 
with an early onset of prevention, patient-reported 
outcome measures (PROMs) were identified in 
four publications that outline the results of treat-
ment on six specific PROMs across four clinical 
trials. These included improvements in 36-item 

Articles retrieved 
from embase

n=271

Articles retrieved 
from PubMed

n=191

Articles retrieved 
from CINAHL

n=58

Publications removed (n=218)

Literature reviews

Duplicates publication

Articles with  
titles & abstracts reviewed

n=302

Publications removed (n=174)

Duplicate data

Systematic literature review

Failing hierarchy review

Not meeting selection criteria

Non-adult populationArticles with 
full text reviewed

n=128

Publications removed
Not meeting evidence criteria n=112

Articles included in 
evidence-based review

n=16

Clinical trials with 
early onset of prevention

n=18

Total individual articles
retrieved
n=520

n=124

n=27

n=17

n=3

n=3

n=128

n=90

Figure 1.  Evidence-based literature search flow chart.
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Short-Form Health Survey (SF-36) bodily pain, 
role-physical, and social functioning domains 
beginning as early as Week 4 with eptinezumab 
and improved 6-item Headache Impact Test 
(HIT-6) total scores, Migraine-Specific Quality-
of-life (MSQ), -Role Function Preventive (RFP), 
-Role Function Restrictive (RFR), and -Emotional 
Function (EF) scores, and Migraine Disability 
Assessment (MIDAS) scores at Week 4 with fre-
manezumab. The full scoping evaluation of the 
benefits associated with the early onset of preven-
tion in patients with migraine are detailed in 
Table 3. As a result of the strength of identified 
evidence (based on the GRADE criteria), the null 
hypothesis was rejected. Furthermore, no evi-
dence was identified in any publication to support 
the null hypothesis that patients with migraine do 
not benefit from an early onset of prevention.

Discussion
The results of this evidence-based scoping litera-
ture analysis identified clinically and statistically 
significant evidence that supports the hypothesis 
that patients with migraine benefit from an early 
onset of prevention with currently approved 
anti-CGRP mAbs and onabotulinumtoxinA. 
Supporting patient-reported outcome evidence 
was also identified, but only from a limited num-
ber of identified clinical trials. The consistency 
of evidence from the newer therapeutic agents 
utilized for migraine prevention and the overall 
high grade of evidence across all clinical trial 
publications are indirect indicators that migraine 
can not only be prevented to some degree of 
confidence across patients but can also be 
achieved in a realistic time frame that addresses 
concerns of the patient regarding the onset of the 
prevention of future migraine attacks.

This relationship between early improvement and 
overall treatment benefits is not unique to the 
treatment of migraine. Rapid improvement in 
other pain disorders improved the patients’ confi-
dence in the treatment chosen, which likely 
improves adherence and persistence with the 
medication in question. Rapid improvement also 
strongly correlates with good long-term outcomes 
in multiple pain disorders, such as post-operative 
pain44 and other chronic pain disorders, such as 
fibromyalgia.45

The evidence in this scoping review regarding the 
clinical benefits of an early onset of migraine 
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Figure 2.  (Continued)
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Figure 2.  Clinically relevant benefits of an early onset of prevention: reduction in headache and migraine days. (A) Change from 
Baseline in weekly migraine days during the first month of erenumab in (a) episodic and (b) chronic migraine; (B) Change from 
baseline in (a) weekly headache days and (b) weekly migraine days during the first month of fremanezumab in chronic migraine; 
(C) Patients with headache each day (a) in EVOLVE-1 and (b) EVOLVE-2 during the first week of galcanezumab in episodic 
migraine; (D) Change from baseline in weekly migraine days during the first day and month of eptinezumab in (a) episodic and 
(b) chronic migraine; (E) Change from baseline in (a) mean headache days and (b) mean migraine days during the first month of 
onabotulinumtoxinA in chronic migraine.
All figures reprinted with permission: (A) from Schwedt et al.;21 (B) from Winner et al.;26 (C) from Detke et al.;30 (D) from Dodick et al.;35 and (E) from 
Dodick et al.12

prevention was identified in 16 peer-reviewed 
publications, which encompassed two studies of 
onabotulinumtoxinA in chronic migraine,12 and 
the phase II and phase III studies for the anti-
CGRP mAbs erenumab,21,22 fremanezumab,23–28,38 
galcanezumab,29,30 and eptinezumab,31–34 which 
were investigated in patients with either episodic or 
chronic migraine. Clinical benefits associated with 
an early onset of prevention were identified as early 
as 1-day post-administration, based on the numeric 
reduction in headache/migraine days, headache/
migraine hours, or headache/migraine attacks. 
While not a mandated clinical trial endpoint for 
the regulatory approval of preventive agents for 

migraine, the inclusion of clinical trial endpoints 
that enables an early evaluation of prevention 
(potentially as early as 24 h post-initiation of treat-
ment) provides a greater insight of the cumulative 
benefits of these newer compounds. As seen in the 
recently published RELIEF study, when initiated 
during a migraine attack, eptinezumab demon-
strated clinical efficacy within 2 h of administra-
tion.46 In addition, the identified clinical evidence 
could be viewed as reflective of the pharmacoki-
netic profiles of the anti-CGRP mAbs, where Cmax 
and Tmax are achieved in a matter of minutes47 to 
days48–50 compared to weeks, and often months, 
the time-frame profile characteristic of the older 
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oral preventive agents. While further clinical stud-
ies are required, there may be a correlation between 
the early onset of migraine prevention and the 
rapid onset of Cmax and Tmax with the anti-CGRP 
mAbs, as hypothesized by Baker et al.47

Patient-reported outcomes evidence in support 
of an early onset of preventive benefit was lim-
ited, potentially due to the lack of necessity for 
including these instruments in clinical registra-
tion studies. A total of four publications described 
improvement in function, disability, and quality 
of life as early as 4 weeks after initiation as meas-
ured using established PROMs. Specific evi-
dence supporting an early onset of preventive 
benefits on PROMs was identified for eptine-
zumab on the HIT-6,31 MSQ,31 and SF-36,43 
and for fremanezumab on the HIT-6,38 MSQ,41 
Patient Global Impression of Change (PGIC),42 
and MIDAS.24

Limitations
This evidence-based, hypothesis-driven, scoping 
literature review has several limitations that may 
impact the overall weight of evidence identified. 
The early onset of prevention was not a prede-
fined endpoint in any of the identified studies, 
with the identified evidence generated from sec-
ondary or post hoc analyses of phase II or phase 
III clinical trials. The impact of an early onset of 
prevention was sparingly reported through global 
PROMs, limiting the patient perspective. No 
analysis based on migraine disease severity, 
duration, or symptomatology was identified. 
Furthermore, evidence presented in congress 
abstracts or presentations was excluded, poten-
tially limiting the identification of evidence from 
traditional oral formulations or investigational 
compounds. In addition, the search was limited 
to therapies approved by the US Food and Drug 
Administration.

Conclusion
To the authors’ knowledge, this is the first scop-
ing review of the evidence related to clinical and 
patient-reported benefits associated with an 
early onset of prevention in patients with 
migraine. While clinical and regulatory guidance 
documents typically evaluate the preventive ben-
efit of treatment after a minimum of 12 weeks of 
therapy, newer preventive therapies, such as the 

anti-CGRP mAbs (erenumab, fremanezumab, 
galcanezumab, and eptinezumab), and the 
chemodenervation agent onabotulinumtoxinA, 
provide clinically relevant benefits by the end of 
the first week, with benefits sometimes reported 
as early as the first-day post-administration. 
Although the definition of an ‘early onset’ could 
not be consistently measured across clinical tri-
als (Day 1 versus Day 7), clinical endpoints var-
ied across studies, and there was limited 
evidence related to patient-reported outcomes; 
the overall strength of the data across patients 
with episodic and chronic migraine suggests 
that a new threshold in clinical effectiveness for 
migraine preventive treatments may be achiev-
able. Further studies with improved study 
designs, standardized outcome definitions, and 
more rigorous methodologies are warranted to 
fully evaluate the clinically relevant benefits 
associated with an early onset of prevention in 
patients with migraine.
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