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Abstract: Recently approved migraine preventive therapies facilitate rapid control of
migraine activity, potentially improving patients’ lives and minimizing the societal burden of
migraine. This review synthesizes available evidence on rates and timing of early onset of
migraine prevention and identifies patient-level outcomes related to early onset prevention.
This evidence-based scoping review identified all available clinical trial evidence regarding
the early onset of prevention of migraine, under the hypothesis ‘Patients with migraine (epi-
sodic or chronic] report additional benefits when receiving an approved migraine preventive treat-
ment that demonstrates an early onset of prevention’. Early onset of prevention was defined
as migraine preventive benefits within 30days post-administration. PubMed, EMBASE, and
CINAHL were searched for publications between 1988 and 2020. Overall, 16 publications
described 18 studies. All studies were conducted in approved treatments [four anti-calcito-
nin gene-related peptide (CGRP) monoclonal antibodies and one chemodenervation agent]
in patients with episodic/chronic migraine; no publications were identified for traditional
oral agents for early migraine prevention. Compared to placebo, erenumab (three studies)
reduced weekly migraine days within 1week; fremanezumab (six studies] increased reports
of no headache of at least moderate severity on Day 1 and significantly reduced migraine
frequency within 1week; galcanezumab (three studies) significantly reduced the mean num-
ber of patients with migraine beginning Day 1 and each day of the first week; eptinezumab
(four studies) significantly reduced migraine attack likelihood on Day 1 by>50% versus
baseline; and onabotulinumtoxinA (two studies) reduced headache and migraine days within
1week. Four publications described function, disability, and quality of life improvements as
early as Week 4; none reported cost-benefit. Anti-CGRP monoclonal antibodies (erenumab,
fremanezumab, galcanezumab, and eptinezumab) and a chemodenervation agent (onabotu-
linumtoxinAJ] provide clinically relevant benefits during the first treatment week. Literature
describing clinically relevant benefits regarding early onset of prevention in patients with
migraine is limited.

Keywords: clinical benefits, early onset, migraine, prevention

Received: 16 February 2022; revised manuscript accepted: 19 March 2022.

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.! Preventive
therapies are recommended for a broad segment
of patients with migraine, including those who
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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 4-72h (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 > 15days/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=8days/month for>3months, 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.?

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.!»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;>> 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;%7 this is not surprising
given that patients with migraine consider speed of
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onset as one of the most important attributes of
preventive treatment (second only to efficacy)?,
and they often make decisions about switching or
discontinuing therapy early in the course of treat-
ment.%7 Side effects are also commonly cited as a
reason for the premature discontinuation of pre-
ventive therapies.®

OnabotulinumtoxinA was added to the armamen-
tarium for the preventive treatment of chronic
migraine in 2010,1° having demonstrated the ability
to reduce headache frequency in a more timely
fashion in patients with chronic migraine, including
those with medication overuse.!!:!2 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 omset of prevention’
defined as the demonstration of preventive benefits
within 1 month (30days) 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)!5 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,!® with the hierarchy of evi-
dence for the analysis of identified publications
based on the modified selection criteria of Guyatt
et al.l7 and Greenhalgh!8. 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.!® 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:

e Research Hypothesis

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

e DPatient population (search terms used)

o Adult (>18years); Young Adult
(19-24years); Adult (19-44years); Aged
(>65years); Middle Aged (45-64years);
Middle Aged; Aged (>45years); 80 and
above (> 80years)

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

e Therapeutic Indication

o Migraine Prevention; Migraine Preventive

Therapy; Migraine Prophylaxis
e Approval

o Approved by the United States Food

and Drug Administration??
e QOutcomes

o Change in Migraine Frequency

o Change in Migraine Severity

o Change in Migraine Duration

o Change in Migraine Symptomatology

o Change in Patient-Reported Outcomes

o Change in Health-Related Quality of Life

e Time Course

o Day 1; Week 1; Day 7; Week 4; Day 28;

Month 1; Day 30
e Journal Type
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o Peer-reviewed
e Language
o English
e Types of Evidence
o Clinical Study; Clinical Trial; Randomi-
zed Controlled Trial; Multicenter Study;
Observational Study; Meta-analysis;
Systematic Review
e Literature Type
o Full Text; Free Full Text; Open Access
e Time Period
o 1988-20 September 2020
e Hierarchy of Evidence
o Systematic Reviews; Meta-Analyses;
Randomized Clinical Trials (RCTs)
with definitive results; RCTs with non-
definitive results; Cohort Studies
e GRADE Level
o 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 (z=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 (z=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-13? or PROMISE-23*
studies, the early preventive benefits were observed

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan
https://clinicaltrials.gov

Articles retrieved
from embase
n=271

Articles retrieved
from PubMed
n=191

Articles retrieved
from CINAHL

C Gottschalk, DC Buse et al.

n=58

Total individual articles

Clinical trials with
early onset of prevention
n=18

retrieved
n=520
Publications removed (n=218)
|@—— | Literature reviews n=128
y Duplicates publication n=90
Articles with
titles & abstracts reviewed
n=302
Publications removed (n=174)
Duplicate data n=124
<
Systematic literature review ~ n=27
Failing hierarchy review n=17
v Not meeting selection criteria  n=3
Articles with Non-adult population n=3
full text reviewed
n=128
Publications removed
Not meeting evidence criteria n=112

Articles included in
evidence-based review
n=16

Figure 1. Evidence-based literature search flow chart.

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 24h post-infusion by >50% wversus baseline
and significantly more than placebo.?> Similar
results were observed in the post hoc analysis of the
EVOLVE-13%¢ and EVOLVE-237 studies for gal-
canezumab,3? 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,?> with a significant reduction in
migraine frequency compared to placebo within
the first week of therapy.23:2426:28:38 [n 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.?22 In
the pooled analysis of the PREEMPT clinical tri-
als3%40 for onabotulinumtoxinA in patients with
chronic migraine,!2 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 12weeks 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

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

THERAPEUTIC ADVANCES in

Volume 15

Neurological Disorders

(panunuog)

(L0°0 > d) paanpaJ os|e alam sinoy

ayoepeay pue sAep aydepeay ueaw Apjasm (100’0 > d) Adelayy

JO SY99M PJIy}) PUB PUOIS 3y} 40§ PaUIBIUIBU SEM }1jaUaq aY |

1000°0>d Y430q ‘AWM Z0'L~ PUB QM £6'0~ 243M | %390

1e 0ga2e)d SNSJaA SadUBIBKIP INST ‘AdBIay) JO %aaM ISl Y} UIYIM

9)eJapojy ogaoed 0} pasedwod Aouanbauy suieabiw pasnpad Ajuesyiubis
(sishjeue 2oy sod) (9£00°0=d ‘%19 ‘0gade)d

19569 ‘qewnzauewady) uoiyaalulisaiy ayy buimonioy Aep 1xau sy Aq
Ky1anas a)eIapowl Jsea) Je Jo aydepeay ou pajlodad syualied alop
(salnseaw

pajeadal 10j 13poW }28))-paxiwl) (L0000 >d ‘G'0- SNSJaA |"|-)
ybiH ogaoeyd snsuaa | Y29 18 sAep ayoepeay A)yaam ueawl pasnpay

(s1shjeue 20y jsod) [(A1aandadsal

‘oqaseyd snsuaa ¥000°0 PUE Z000'0=1) %999 ‘0gade)d

SNnsJan %z 6L ‘Kiaarienb topy g/ ‘Aiyyuow] uonsalulisaiy ayy

Buimorjo} Aep 1xau ayy Aq aurelbiw ou pajiodad syuaiied alopy

(saunseaw pajeadal Joj japow 128je-paxiu) (L0000 >d Yi0q ‘g0-

snsJaA g0~ ‘Aluerienb g g- snssan 40— ‘Alyyuow) ogede)d sns.san

ybiH | Y99 1e sAep ayoepeay Ajyeam ueaw pasnpad suswibal yjog

(og@de1d snsuan

100°0>d) | Yiuoly 1e (suosiiedwod aydimnuw Joj pajsnipe jou)

2ouedlIubis jeurwou panaiyde g Ul uoldonpay :Alojelo)dxy

(L00°0>d) shkepg’| - snstan skep 4°z- 'S

2)eJapopy YIUOoN 3B OININ Ul dulaseq wodj abueys NG :ewo23no Alewiid
200°0=d*(L'L-"9"L-) ¥'L- :Buigy| qewnuaig
100°0>0d*(Z'L-"4'1-) G- :Buips qewnuaiy

(9°0- '0"L-) 80— -0g93e1d

7 199M

81°0=0*(G'0-"1'L-) 8'0- :Buw oyl qewnuaizy

Ly0°0=d (40~ 'Z'L-) 6°0- :Bwig/ gewnua.zy

(€0~ '8°0-) §°0- :093%e1d

L ¥93M

% %99 Ybnouy) pauieisns pue | %aap 18 Sasop yjoq

Joj ogadeyd snsuaa gNM Ul suolonpad juediiubis Ajjeutwon

610°0=0 (S0~ 8°0-) 9°0- Bwipv| qewnualzy

620°0=d (0~ '8'0-) 9°0- :Bw g/ qewnuaig

[¢'0-'G°0-) 7'0- :093%e1d

7 199M

100°0>d (¥'0- '£'0-) 9°0- :Buigy| qewnualgy
0€1°0=d‘(z'0- '5°0-) €0~ :Bw 0/ qewnuaiy

(0°0 '€'0-) L0~ :0932€]d

[REEI

(10%G6) unaseq wouj abueys WS

(suosiiedwod a1dinw Joj pajsnipe jou) | Y9 se Ajues
ybiH se 0gadeyd snssaa QM Ul suoidonpad yuediyiubis Ajjeurwon

RERIS Ayyuow Buig/9 1o 67z

(€ PUB Z SYIUO 1B SUoaful

ogaoeyd Aq pamo))o4 ‘| YIuop

18 bwG/9) Ajuepenb Jo (g

pue z syiuop e buigzz Aq

| keg pamoio) b GL9) Ajuuopy

ogadeid ‘(¢ pue z Syjuop e
ogadeyd ‘| yiuop 1e bwgLg)
| keg spienp (Bw Gzz) Ayruop

L Yauop Ayyuow Buigy,

RGN

REEINS
W3 Ayyuow Buigy| Jo o/

W3 Aouanbauy
-ybiy yum
(s1e9hG9-81)
SNNPe L6¢

WO Yyam
(s1eahpL-81)
sNnpe oglL

[AECHLY
(s1eak0L-81)
Shnpe G/8

[AECHL
(s1eakg9-gl1)
SWNpe LLS

(L99=N)
WO PUB (GG6=N])
NT YHm synpy

Apmis 0d ‘ad
Y Il 9seyd yaam-9|
e Jo siskjeue ooy }so4

Jd ‘80 'Y "Il 8seyd

Jd '8d ‘Y "Il @seyd

Jd '8d ‘Y "Il seyd

(Il 8seyd
G17990¢0LON
dseyd ‘07L957Z0LON)
S81pnis 0d 'aq 'Y omi
Jo siskjeue 2oy 1504

1z[IW34H) 9G5G2020LON

sz'5z(IND
071VH) LE6LZ9ZOLON

vzez(INT
071VH) 198629201ON

gewnzauewsad

22(3SI4V) §85€87Z0LON

12G17990¢0LIN pue
(INIYLS) 07£9G720LON

qewnuaJg

JBbunjuey

3avy9 123}J3 aA13uaAald jo }asuQ

jujodawny
19suo Ajieg asoq

uoneindod

ubisap Apnis

Apnis

"syulodpua Aoed14a 1BIIUND ,}09})8 aAljuUaAaJd Jo 3asuo Ajdes ue buljiodad saidesayy aaiuanald auledbiw jo saipnyg "z aqel

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

C Gottschalk, DC Buse et al.

(panunuo))
(f1ennoadsal
‘0gade)d snsuan ¢GL0'0=d pue z1£0°0=d) %G'zZ ‘0gaderd
‘%6°€l ‘B 00g qewnzaunds t9g | ‘6w gl qewnzaundy
:9oudienadd | Aeq
%/"0€ ‘9ouajenadd aunaseq 1edanQ
ogaoeld ueyy asow Apueoyiubis pue NT Yyum
aulaseq snsJan %,0G uoisnjul-3sod Yz ay} ul yoeye autesbiw (s1eakg/-8l) ee(L-ISINOYd)
ybiH € J0 pooy a1 8y pasnpad bui gog pue ool qewnzaundy | Aeg 0gade)d ‘00 ‘00l ‘0€ SHNNpe 888 Jd '9d ‘Y "Il 8seyd G686GGZ0LON
%L'8G ‘0gade)d 196G ‘B gog qewnzaundas
o709 ‘Bw gl gewnzaund3g :pordad Bujusstas Aep-gz bulinp
Kep uanlb Aue uo 82uauin220 aulelbiw snsuan o/ gy ‘ogade)d
'%€97 ‘B 00g qewnzaunds 19g°6z 'Bwi gl qewnzaund3y
1| Aeq uo yoeype auredbijy
aulaseq sns.JaA ND Yyum
uoisnjul-3sod Y4z 8y} ul ogaseyd uey) asow yoeye auledbiw (sdeahgg-8l) (s1sheue 2oy jso0d)
9)elapoly e Jo pooyna1] ayy pasnpad buigog pue ool qewnzaundy | Aeg ogaseyd ‘6w gog ‘00l ‘0€ ‘0L SNNpe 919 Jd '9d 'Y 'all @seyd 2eLL1SLCCOLON
NT ypm
(L000°0=d '4°¢- snstan 9'G-) 0gade)d (s1eehG5-8l)
9)elapop SNSJ9A ¥~| %93 PUB dul1dseq Usamiaq JNIN Ueaw pasnpay L Yiuow ogadeld ‘6w ool snnpe v/l Jd ‘80 "M ‘Il 8seyd 167¢S¢LLIOLON
gewnzaund3y
(860'0=9 'Z-3AT0A3 '200°0=4
‘L-3AT0A3) uonaalui-ysod | Aeq buiuuibaqg ogaseid snsuen
gewnzauedieb yym Jamoy Ajpuediyiubis sem | yasp Jo Aep
yoes sayoepeay aulelbiw yym syuaiied Jo Jaquinu ueaw ay| 0e(2-IATOAT)
(uoissaubau o13s160) 1eulpao saunseaw yjuowr isdiy ayy NT ypm Sa1pnis 0d 96171920LON
pajeadad) (L00°0 > d y10q ‘Ajaanadsal Z-3AT0AT PUe L-IATOAT paJajsiuiwpe 6w gyz jo asop (s1e9hG9-81) ‘a0 'Y Il 9seyd omy pue (1-3AT0A3)
ubiH 104 88°Z PUB |£°Z HO) | ¥93M 1 shep ayoepeay ueaw pasnpay | keg Buipeo) yum Ajyyuow buw ozl SNNPe €LLL Jo siskieue 20y jsod €81Y71920LON
(50°0>d ‘%zy
SNSJaA %79) | 99M 1B SAep ayoepesy ueaw A)yaam jo Jaquinu
ul uoyoNpaJ 9,06 = padualiadxa syuaied jo uoijiododd Jsyealg NI yum Kpnmis
(810°0=0 €G'0-) 0gade)d snsian (480-) (s1e9hG9-81) Jd ‘8d 'Yy ‘Il 8seyd e
9)1e1apoy | %29\ }B duljaseq wody skep ayoepeay ueaul A1yaam paosnpay REEITY syeamg Auans Bu gl sNnpe /1z jo siskjeue 2oy jsoq «2(10-14V)886529101IN
gqewnzauedjeg
(98%0°0=0d '6G'L~ SNSJ9A 87 /-)
£ KeQ@ 0} aunaseq Wwouj sinoy aydepeay ueaw padnpal iGzZz/GL9 (€ X yyuow/Gzz ND Yum
(Leg0'0=d ‘ogadeld Joj 9g 0+ SnsJan 80 g-) Uay3 | YUo G49) GZZ/GL9 40 (sdieahg9-gl) (s1shjeue 2oy jsod)
91eJapoy ¢ Ae( 0} auNaseq Wo.j sinoy aydepeay ueawl padnpaJ :bwggs 1-¢€ skeq (7 x Aiyyuow bwiGzz) bw pps synpe |9z 0d ‘9d 'Y ‘q|| 8seyd 52€LL1202010ON
Bbunjuey jujodawny
3avyo 123)J9 dA1UaAald Jo }asuQ 19suo Ajie3 asoq uonejndod ubisap Apmis Apmis

(PenuURUOY) *Z B1qeL

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

THERAPEUTIC ADVANCES in
Neurological Disorders Volume 15

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-

GRADE
Ranking*
High
Moderate

0.031)

Reduced headache and migraine days versus placebo compared
0.046; -1.0 versus -0.7 migraine days/week, p

migraine attack in the 24 h post-infusion 50% versus baseline

to Week 4 of baseline (-0.9 versus -0.7 headache days/week,
Reduced headache and migraine days versus placebo compared
to Week 4 of baseline (-1.6 versus -1.1 headache days/week,
p<0.001; -1.6 versus 1.1 migraine days/week, p<0.001)

and significantly more than placebo

Overall baseline prevalence, 58%;
Eptinezumab 100 mg, 28.6%; eptinezumab 300mg, 27.8%;

Eptinezumab 100 and 300 mg reduced the likelihood of a
placebo, 42.3% (both p<0.001 versus placebo)
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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.;2' (B) from Winner et al.;2¢ (C) from Detke et al.;3° (D) from Dodick et al.;3% and (E] from

Dodick et al."2

prevention was identified in 16 peer-reviewed
publications, which encompassed two studies of
onabotulinumtoxinA in chronic migraine,!? and
the phase II and phase III studies for the anti-
CGRP mAbs erenumab,?!-22 fremanezumab,23-28,38
galcanezumab,?®3° and eptinezumab,3-3¢ 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 2h of administra-
tion.%% In addition, the identified clinical evidence
could be viewed as reflective of the pharmacoki-
netic profiles of the anti-CGRP mAbs, where C_,,
and T, are achieved in a matter of minutes*’ to
days*8-50 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 C__, and T_,, with the anti-CGRP
mADbs, as hypothesized by Baker ez al.4”

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,3! and SF-36,%3
and for fremanezumab on the HIT-6,3% MSQ,%!
Patient Global Impression of Change (PGIC),*2
and MIDAS.?*

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.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contribution(s)
Christopher Gottschalk: Conceptualization;
Writing — review & editing.

Dawn C. Buse: Conceptualization; Writing —
review & editing.

Michael J. Marmura: Conceptualization; Writing
— review & editing.

Bradley Torphy: Conceptualization; Writing —
review & editing.

Jelena M. Pavlovic: Conceptualization; Writing
— review & editing.

Paula K. Dumas: Conceptualization; Writing —
review & editing.

Nim Lalvani: Conceptualization; Writing — review
& editing.

Andrew Blumenfeld: Conceptualization; Writing
—review & editing.

ORCID iD
Christopher Gottschalk
0000-0002-1105-6910

https://orcid.org/

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan
https://orcid.org/0000-0002-1105-6910
https://orcid.org/0000-0002-1105-6910

C Gottschalk, DC Buse et al.

Acknowledgements

The authors thank Dr. Anirban Basu for his partici-
pation in the advisory board and input on this work.
The authors also thank Philip Sjostedt, BPharm,
MPH, of The Medicine Group, LLLC (New Hope,
PA, United States) for providing medical writing
support, which was funded by Lundbeck LLC
(Deerfield, IL, USA) and in accordance with Good
Publication Practice guidelines. The authors have
authorized the submission of this manuscript by
The Medicine Group on their behalf and have
approved any statements and declarations.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship, and/
or publication of this article: This scoping literature
review was sponsored and funded by H. Lundbeck
A/S and Lundbeck Seattle BioPharmaceuticals,
Inc. All authors prepared, reviewed, and approved
the article, and made the decision to submit the
article for publication. Editorial support for the
development of this article was funded by H.
Lundbeck A/S.

Declaration of Conflicting Interests

The authors declared the following potential
conflicts of interest with respect to the research,
authorship, and/or publication of this article: C.G.
has been a paid consultant for Alder/LLundbeck,
Biohaven, Amgen/Novartis, Theranica, Axsome,
Upsher Smith, Spherix Global Insights, and Vorso
and has been a past member of speaker bureaus for
Amgen/Novartis, Allergan/AbbVie, Biohaven,
Lilly, Theranica, and Upsher Smith. He served as
an Associate Editor of Headache until 2020 and is
a board member of the Headache Cooperative of
New England (HCNE). D.C.B. has received grant
support from the Food and Drug Administration
and the National Headache Foundation and grant
support and honoraria from Allergan, Amgen,
Lilly, Lundbeck, and Teva. She serves on the edi-
torial board of Current Pain and Headache Reports.
M.]J.M. has received compensation for consulta-
tion from Lundbeck and Theranica. He has par-
ticipated in speaker bureaus for Lilly and Amgen/
Novartis. He has received salary support for serv-
ing as principal investigator from Teva,
GammaCore, and Allergan/AbbVie. He has
received payments for authorship or royalties from
Demos Medical, Cambridge University Press, and
MedLink. B.T. has received compensation for
consulting from Amgen, Novartis, Biohaven,
Lilly, Lundbeck, Teva, and Theranica. He has

participated in speaker bureaus with Allergan/
AbbVie, Amgen, Biohaven, Lilly, Lundbeck,
and Teva, and he has received financial compen-
sation for serving as principal investigator with
Amgen and Theranica. J.M.P. has received grant
support from the National Institutes of Health
and compensation for consulting from Alder/
Lundbeck, Allergan/AbbVie, Amgen/Novartis,
and Biohaven. P.K.D. has received grant sup-
port from Amgen/Novartis, Allergan/AbbVie,
and Lilly. She serves as Editor in Chief of
Migraine Again, Editor at Large of Ewveryday
Health, and Co-Producer/Co-Owner of Migraine
World Summit, which is supported by Lundbeck,
Impel, Lilly, Allergan/AbbVie, Axon Optics, and
Teva. N.L. has no compensation or conflicts to
report. All funding or sponsorships are directed
to the American Migraine Foundation. A.B.
serves as a consultant and/or a promotional
speaker for Alder, Allergan, Amgen, Biohaven,
electroCore, Lilly, Lundbeck, Novartis,
Promius, Supernus, Teva, and Theranica.

Availability of data and materials
Not applicable.

References
1. Ailani J, Burch RC, Robbins MS, ez al. The
American Headache Society consensus statement:
update on integrating new migraine treatments
into clinical practice. Headache 2021; 61: 1021—
1039.

2. Headache Classification Committee of the
International Headache Society (IHS). The
International Classification of Headache
Disorders, 3rd edition. Cephalalgia 2018; 38:
1-211.

3. Silberstein SD, Holland S, Freitag F, et al.
Evidence-based guideline update: pharmacologic
treatment for episodic migraine prevention
in adults: report of the Quality Standards
Subcommittee of the American Academy of
Neurology and the American Headache Society.
Neurology 2012; 78: 1337-1345.

4. Silberstein SD. Preventive migraine treatment.
Continuum (Minneapolis, Minn) 2015; 21: 973-989.

5. Kumar A and Kadian R. Headache, migraine
prophylaxis. Treasure Island, FL: StatPearls
Publishing, 2018.

6. Hepp Z, Bloudek LM and Varon SF. Systematic
review of migraine prophylaxis adherence and

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

THERAPEUTIC ADVANCES in
Neurological Disorders

Volume 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

persistence. ¥ Manag Care Pharm 2014; 20:
22-33.

Hepp Z, Dodick DW, Varon SF, er al.
Persistence and switching patterns of oral
migraine prophylactic medications among
patients with chronic migraine: a retrospective
claims analysis. Cephalalgia 2017; 37: 470-485.

Peres MF, Silberstein S, Moreira F, ez al.
Patients’ preference for migraine preventive
therapy. Headache 2007; 47: 540-545.

Blumenfeld AM, Bloudek LM, Becker W7, ez al.
Patterns of use and reasons for discontinuation
of prophylactic medications for episodic
migraine and chronic migraine: results from the
second international burden of migraine study
(IBMS-II). Headache 2013; 53: 644—655.

Borox [package insert]. Madison, NJ: Allergan,
2021.

Herd CP, Tomlinson CL, Rick C, ez al.
Cochrane systematic review and meta-analysis of
botulinum toxin for the prevention of migraine.
BMY Open 2019; 9: ¢027953.

Dodick DW, Silberstein SD, Lipton RB, ez al.
Early onset of effect of onabotulinumtoxinA

for chronic migraine treatment: analysis of
PREEMPT data. Cephalalgia 2019; 39: 945-956.

Masters-Israilov A and Robbins MS.
OnabotulinumtoxinA wear-off phenomenon in
the treatment of chronic migraine. Headache
2019; 59: 1753-1761.

Zidan A, Roe C, Burke D, er al.
OnabotulinumtoxinA wear-off in chronic
migraine, observational cohort study. ¥ Clin
Neurosci 20195 69: 237-240.

ICDH-1. Diagnostic criteria, https://ichd-3.org/
evolution-of-ihs-classification-1-3/ (accessed 14
June 2021).

Liberati A, Altman DG, Tetzlaff J, er al. The
PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate
health care interventions: explanation and
elaboration. PLoS Med 2009; 6: €e1000100.

Guyatt GH, Sackett DL, Sinclair JC, ez al. Users’
guides to the medical literature. IX. A method
for grading health care recommendations.
Evidence-Based Medicine Working Group.
FAMA 1995; 274: 1800-1804.

Greenhalgh T. How to read a paper. Getting your
bearings (deciding what the paper is about). BMY¥
1997; 315: 243-246.

Schiinemann HJ, Best D, Vist G, er al.
Letters, numbers, symbols and words: how

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

to communicate grades of evidence and
recommendations. CMA¥ 2003; 169: 677-680.

Food Drug Administration. Drugs@FDA: FDA-
Approved Drugs, https://www.accessdata.fda.gov/
scripts/cder/daf/

Schwedt T, Reuter U, Tepper S, er al. Early
onset of efficacy with erenumab in patients with
episodic and chronic migraine. ¥ Headache Pain
2018; 19: 92.

Dodick DW, Ashina M, Brandes JL, ez al.
ARISE: a phase 3 randomized trial of erenumab
for episodic migraine. Cephalalgia 2018; 38:
1026-1037.

Brandes J, Yeung PP, Aycardi E, ez al. Early
onset of action with fremanezumab versus
placebo for the preventive treatment of episodic
migraine (P4.107). Neurology 2018; 90: P4107.

Dodick DW, Silberstein SD, Bigal ME, ez al.
Effect of fremanezumab compared with placebo
for prevention of episodic migraine: a randomized
clinical trial. ¥AMA 2018; 319: 1999-2008.

Yeung PP, Aycardi E, Bigal M, ez al. Early onset
of action with fremanezumab versus placebo for
the preventive treatment of chronic migraine
(P4.102). Neurology 2018; 90: P4102.

Winner PK, Spierings ELH, Yeung PP, ez al.
Early onset of efficacy with fremanezumab for
the preventive treatment of chronic migraine.
Headache 2019; 59: 1743-1752.

Silberstein SD, Rapoport AM, Loupe PS,

et al. The effect of beginning treatment with
fremanezumab on headache and associated
symptoms in the randomized phase 2 study
of high frequency episodic migraine: post-hoc
analyses on the first 3 weeks of treatment.
Headache 2019; 59: 383-393.

Bigal ME, Dodick DW, Krymchantowski AV,

et al. TEV-48125 for the preventive treatment of
chronic migraine: efficacy at early time points.
Neurology 2016; 87: 41-48.

Goadsby PJ, Dodick DW, Martinez JM, er al.
Onset of efficacy and duration of response of
galcanezumab for the prevention of episodic
migraine: a post-hoc analysis. ¥ Neurol Neurosurg
Psychiatry 2019; 90: 939-944.

Detke HC, Millen BA, Zhang Q, ez al. Rapid
onset of effect of galcanezumab for the prevention
of episodic migraine: analysis of the EVOLVE
studies. Headache 2020; 60: 348-359.

Dodick DW, Goadsby PJ, Silberstein SD, ez al.
Safety and efficacy of ALD403, an antibody
to calcitonin gene-related peptide, for the

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan
https://ichd-3.org/evolution-of-ihs-classification-1-3/
https://ichd-3.org/evolution-of-ihs-classification-1-3/
https://www.accessdata.fda.gov/scripts/cder/daf/
https://www.accessdata.fda.gov/scripts/cder/daf/

C Gottschalk, DC Buse et al.

prevention of frequent episodic migraine: a
randomised, double-blind, placebo-controlled,
exploratory phase 2 trial. Lancet Neurol 2014;
13: 1100-1107.

32. Dodick DW, Lipton RB, Silberstein S, ez al.
Eptinezumab for prevention of chronic migraine:
a randomized phase 2b clinical trial. Cephalalgia
2019; 39: 1075-1085.

33. Ashina M, Saper J, Cady R, er al. Eptinezumab
in episodic migraine: a randomized, double-
blind, placebo-controlled study (PROMISE-1).
Cephalalgia 2020; 40: 241-254.

34. Lipton RB, Goadsby PJ, Smith J, ez al. Efficacy
and safety of eptinezumab in patients with
chronic migraine: PROMISE-2. Neurology 2020;
94: e1365-e1377.

35. Dodick DW, Gottschalk C, Cady R, ez al.
Eptinezumab demonstrated efficacy in sustained
prevention of episodic and chronic migraine
beginning on Day 1 after dosing. Headache 2020;
60: 2220-2231.

36. Stauffer VL, Dodick DW, Zhang Q, ez al.
Evaluation of galcanezumab for the prevention
of episodic migraine: the EVOLVE-1
randomized clinical trial. ¥AMA Neurology 2018;
75: 1080-1088.

37. Skljarevski V, Matharu M, Millen BA, ez al.
Efficacy and safety of galcanezumab for the
prevention of episodic migraine: results of the
EVOLVE-2 phase 3 randomized controlled
clinical trial. Cephalalgia 2018; 38: 1442—-1454.

38. Silberstein SD, Dodick DW, Bigal ME, er al.
Fremanezumab for the preventive treatment
of chronic migraine. N Engl ¥ Med 2017; 377:
2113-2122.

39. Aurora SK, Dodick DW, Turkel CC, ez al.
OnabotulinumtoxinA for treatment of chronic
migraine: results from the double-blind,
randomized, placebo-controlled phase of the

PREEMPT 1 trial. Cephalalgia 2010; 30: 793-803.

40. Diener HC, Dodick DW, Aurora SK, et al.
OnabotulinumtoxinA for treatment of chronic
migraine: results from the double-blind,
randomized, placebo-controlled phase of the

PREEMPT 2 trial. Cephalalgia 2010; 30: 804-814.

41. Silberstein SD, Cohen JM, Seminerio M]J, ez al.
The impact of fremanezumab on medication

42.

43.

44.

45.

46.

47.

48.

49.

50.

overuse in patients with chronic migraine:
subgroup analysis of the HALO CM study.
F Headache Pain 2020; 21: 114.

Lipton RB, Cohen JM, Gandhi SK, ez al.
Effect of fremanezumab on quality of life and
productivity in patients with chronic migraine.
Neurology 20205 95: e878-e888.

Smith TR, Janelidze M, Chakhava G, ez al.
Eptinezumab for the prevention of episodic
migraine: sustained effect through 1 year of
treatment in the PROMISE-1 study. Clin Ther
2020; 42: 2254-2265.e2253.

Blichfeldt-Eckhardt MR. From acute to
chronic postsurgical pain: the significance of
the acute pain response. Dan Med ¥ 2018; 65:
B5326.

Wang F, Ruberg SJ, Gaynor PJ, er al. Early
improvement in pain predicts pain response at
endpoint in patients with fibromyalgia. ¥ Pain
20115 12: 1088-1094.

Winner PK, McAllister P, Chakhava G, et al.
Effects of intravenous eptinezumab vs placebo on
headache pain and most bothersome symptom
when initiated during a migraine attack: a
randomized clinical trial. JAMA 2021; 325:
2348-2356.

Baker B, Schaeffler B, Beliveau M, ez al.
Population pharmacokinetic and exposure-
response analysis of eptinezumab in the treatment
of episodic and chronic migraine. Pharmacol Res
Perspect 2020; 8: e00567.

Vu T, Ma P, Chen JS, et al. Pharmacokinetic-
pharmacodynamic relationship of erenumab
(AMG 334) and capsaicin-induced dermal blood
flow in healthy and migraine subjects. Pharm Res
2017; 34: 1784-1795.

Fiedler-Kelly JB, Cohen-Barak O, Morris DN,
et al. Population pharmacokinetic modelling and
simulation of fremanezumab in healthy subjects
and patients with migraine. Br ¥ Clin Pharmacol
2019; 85: 2721-2733.

Monteith D, Collins EC, Vandermeulen C,
et al. Safety, tolerability, pharmacokinetics,
and pharmacodynamics of the CGRP
binding monoclonal antibody 1.Y2951742
(galcanezumab) in healthy volunteers. Front
Pharmacol 2017; 8: 740.

Visit SAGE journals online
journals.sagepub.com/
home/tan

®SAGE journals

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan

