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About ICER

The Institute for Clinical and Economic Review (ICER) is an independegnbfibresearch

organization that evaluates medical evidence and convenes public deliberative bodies to help
stakeholders interpret and apply evidence to improve patient outcomes and control costs. Through
all its work, ICER seeks to help create a fumnehich collaborative efforts to move evidence into
action provide the foundation for a more effective, efficient, and just health care system. More
information about ICER is availablen&t://www.icer -review.org

The funding for this report comes from government grants and-puariit foundations, with the
largest single funder being the Laura and John Arnold Foundatlorfunding for this work comes
from health insurers, pharmacy benefit managers, @ s$icience companie$CER receives
approximatelyl 9% of its overall revenuttom these healthindustryorganizations to run a separate
Policy Summit program, with funding approximately equally split between insurers/PBMs and life
science companiesAllergan is the onlyifie science comparrelevant to this reviewhat

participatesin this program For a complete list of funders and for more information on ICER's
support, please vishttp://ww w.icer-review.org/about/support/.

About Midwest CEPAC

The Midwest Comparative Effectiveness Public Advisory Council (Midwest GERAG) program

of ICER, provides a public venue in which the evidence on the effectiveness and value of health
care services can be discussed with the input of all stakermlddidwest CEPAC seeks to help
patients, clinicians, insurers, and policymakers interpret and use evidence to improve the quality
and value of health care.

The Midwest CEPAC is an independent committee of medical evidence experts from across the
Midwest, with a mix of practicing clinicians, methodologists, and leaders in patient engagement and
advocacy. All Council members meet strict conflict of interest guidelines and are convened to
discuss the evidence summarized in ICER reports and vote on theaaive clinical effectiveness

and value of medical interventions. More information about Midwest CEPAC is available at
https://icer-review.org/programs/midwestepac/

©Institute for Clinical and Economic Review, 2020 Pagsiii
Final Evidence Repercute Treatments for Migraine


http://www.icer-review.org/
http://www.icer-review.org/about/support/
https://icer-review.org/programs/midwest-cepac/

The findings contained within this repaate current as of the date of publicationReaders should tmvarethat
new evidence may emerge following the publication of this report that could potentially influence the resulis.
ICER may revisit its analyses formal update to this report in the future.

The economic models used in ICER reports are intended to compare the clinical outcomes, expected cosfs, and
costeffectiveness of different care pathways for broad groups of patients. Medelts therefore represent

average findings across patients and should not be presumed to represent the clinical or cost outcomes f@r any
specific patient. In addition, data inputs to ICER models often come from clinical trials; patients in theaedfials
provider prescribing patterns may differ in reabrld practice settings.
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Executive Summary

Background

Migraine is a common cause of headaemel ischaracterized by episodic, recurrent attacks that
areclassically pulsatile or thibing, frequentlyinvolve one side of the head, aagle associated

with nausea and sensitivity to external stimuli such as light, sound, and sikkjgine attacks

vary n their frequency and intensity, but when severe can be a disabling, chronic condition that can
impact all aspects of life including personal relationships and ability to Wéik estimated 40

million adults or 1215% of adults in the United States (W&)ort migraine or severe headachgs.
Patients withmigraine have higher costs of care, decreased work productivity, increased disability
claims and account for $180 billion in total cost§®789°

The precise cause of migraine is not known and there is no specific test to confirm the didgjffosis
Migraine often starts in early adulthoots more common in womemnunsin families, and attacks

can be triggered by a variety of predisposing fastsuch as stress and certain stimuli, activities and
foods231314 Treatmentbroadly includes acute therapies tpiickly abort episodic symptonasd
ongoing therapieso reducethe frequency of attack® This review examinesate treatmentsfor
migraine attacks. Early acute treatment is especially helpful for individuals witl{faced

neurologic symptoms, frequently involving the visual systdra) precede the onset of the
headache.For those nbresponding to ovethe-counter nonspeci€ pain medications or with
moderate or severe symptoms, the use of specific migraine medications is recommended.

The most commonly used migraispecific medication clader acute treatment arex G NR& (30 | y & €
hydroxytryptamine(5-HT)1b/1d receptoragonigs) available as pills, nasal sprays, and for injection
under the skin'! Though effective and safe for patients with migraifue,many patients triptans

are not adequately helpful or loggfficacyover time, have intolerable side effectsr have
contraindications to their usée.g.,cardiovasculadiseas.’>'® The need for new therapeutic

options is highlighted by the persistent useneédications, such as barbiturates and opidiast

havethe potential for misusgand recognition that frequent use of acute medications can lead to
medication overuse headaches.

New therapeutic classes includalcitonin geneelated peptide (CGRP) antagonists and 5

hydroxytryptamine (8HT)1f agoniss. Interest in CGRP antagonists has been driwethe

observation thaiadministration of CGRé&an trigger acute headache addlayed migraindike

attacks'”*® In addition, monoclonal antibodies targeting the CGRP receptor are being used for
migraineprophylaxis'® Two new oral CGRP receptor antagonists, ubrogepant (UbteBdjergan,

FDA approved on December 23, 20483 rimegepant (under FDA review) have been studied for

F OdzGS GNBIFGYSYdG 2F YAINI AyYyS | lLadnidddn&Reyvad® | 4 f & & O N.
aselectved ¢ MF¥ 32y Aad ol faz2z NBFTFSNNBR G2 | &DA- aRA G
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for acute treatment of migraine, is thought to work in a similar manner to the triptdoslike the
triptans, the gepants and lasmiditagio not havevasoconstrictive effect&2021

Insights Gained from Discussions with Patients and Patient Groups

Discussions witindividualpatients and patienadvocacygroupsidentified important insights We
received numerous comments in which patients with migraine describe different personal stories
andhighlighted common themes that emphasize migraine as an episodic and chronic disease that
can profoundly affect all aspects of their lives and the liiehase close to them. Though some

have derived benefit from existing therapies, not all respond, headaches can recur as treatment
wears off during the acute episode, response can vary from one migraine attack to another, and
response can decrease ovemg with repeated episodic use. For others, side effects have led them
to stop therapy or they have contraindications to the use of certain therapiég net result is that

for many patients with moderate or severe migraine headaches there is no singtentined

therapy that offers them reliable, lorggrm control of their acute attacks.

A wide range of deficiencies with currently available acute treatments for migraine were noted.

9 Despite anumberof nonprescription and prescription medications,agsalone or in
combination, many patients cannot reliably prevent or abort migraine attacks.

9 Available therapies do not provide symptom relief from migraine attacks with minimal side
effects for many individuals.

9 Triptans are effective in acute therapy fmigraines but for many individuals they do not
work, have intolerable side effects, or have contraindications to their use

9 For these reasons, patient turn to other medications such as opioids, barbiturates and anti
emetics, but these also have limitedrmfit, acute side effecter risks with longterm use

The profound impact of migraine on the lives of patients with migraine was emphasized.

1 Migraine often develops in individuals during adolescence and young adultfamatkative
educational years, whe it can prevent them from reaching their full academic potential.

1 Unpredictability of migraine attacks can result in anxiety from not knowing when the next
attack will come, impacting individuals even when they do not have migraine symptoms.

1 Frequent, seere attacks can have a dramatic impact on quality of life that may not be fully
appreciated by the general public and even health professionals.

1 As aresult, migraine is a chronic condition that affects patients throughout their lives,
disrupting persoal relationships with friends and family.

The toll on patients with migraine includes important economic consequences.

©lnstitute for Clinical and Economic Review, 2020 PageE2
Final Evidenc®eport Acute Treatments for Migraine Return to Table of Contents




1 If the migraine attack is not aborted quickly and without medication related side effects,
ability to work or work productively is pfoundly affected.

1 Acute treatments for migraine that work quickly and without side effects critically impact
the ability to continue to workollowinga migraine attack.

1 Frequent, severe and unpredictable migraine attacks combine to impact the abilitgriq w
productivity when workingand risk of disability

1 The net result can be loAgrm un/underemployment with major socioeconomic cost that
can have a longerm negative economic impact on the patient and her/his family.

Use of opioids and barbituratésr acute migraine is driven by limitations of existing therapies.

1 Though recognized as having limited effectiveness, acute side effects, the potential for
causing medication overuse headache and misuse, doctors end up prescribing them.

1 Newtherapeutic classes, especially ones without side effects or limitations seen with
triptans, may have a broader potential impact on the opioid crisis in the US

Patient advocacy organizations also raised systematic issues that they felt needed to esaddre

1 Common outcome measures required by the FDA to obtain approval for new drugs may not
adequately capture the impact of migraine on overall quality of life.

91 Specifically, single dose studies are not designed to assess whether new therapies decrease
the frequency of attacks over time or prevent medication overuse headaches.

1 Successful migraine treatment may also help patients with other illnesses, such as anxiety
and depression, that are impacted by frequent, unpredictable and severe attacks.

Potential CostSaving Measures iMigraine

Allergan suggested that opioids represent a4eaue service that could be reduced

Comparative Clinical Effectiveness

We evaluated the comparative clinical effectivenaas safety ofasmiditan, rimegepant and
ubrogepant for the acutetreatment of patients withmigraine Gomparators of interesincluded: 1)
no additional migrainespecificacute treatment(i.e., placebo arms of clinical triafey patients with
migraine attacks not adequately treated with nprescripion medicinesand for whom triptans
have not been effective, are not tolerated, or are contraindicated, and 2) triptans (eletriptan and
sumatriptar) for patients who have migraine attacks that have not adequately responded to non
prescription medicinesThe specific triptans werehosenbecause sumatriptan is one of the most
widely used triptans in clinical practice and eletriptan \whewn in a receinetwork metaanalysis
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to be one of the most efficacious and well toleratéd? We only examined oral triptan
formulations because the new agents under review are all oaathylable

We identified three RCTs of lasmiditan (1 Phase Il and 2 Ph&&é& isyr RCTs of rimegepant (1
Phase Il and 3 Phase 3’ and three RCTs of ubrogepant (1 Phase Il and 2 Pha%&.1I8ll the
RCTs of the interventions apgacebacontrolled, except for one Phase Il trial of rimegepéuait
also included sumatriptan as an active control &nwWe did not identify any trials comparing
lasmiditan or ubrogepant to a triptanin addition, we identified 23 RCTs of triptans (18 plaeebo
controlled trials of sumatriptan, three placelmmntrolled trials of eletriptan and two heatt-head
trials of sumatriptan and eletriptan) that met our inclusion criteff®*

All the identified studies were laggmulticenter studies focused on the treatment of a sirgle

migraine attack. The trials enrolled patients who had at least ay@aehistory of migrainewith or
without auraasspecified by the International Classification of Headache Disorders (IClgDy<stia
criteria, who experienced two to eighmigraine attackg¢l to 6 in triptan trials) of moderate to

severe intensity pemonth, with age ofonset before50years Over 80% of the patientsere

female and the average age was approximately 40 years in each trial. Patients had been living with
migraine for approximately 20 years, had an average of three to five migraine attacks per month,
and about 20% to 25% of patients in the trials of t@rventions were on preventive migraine
medication. Characteristics of the treated migraine attack were generally similar across trials, with
more patients having moderate than sevdreadache pain intesity (70% vs. 30%) at baseline.
Photophobia washe most common other symptom reported (75% to 90% of patients) and was
reported as the most bothersome symptom by 50% to 60% of patients. Approximately 40% to 65%
of patients reported nausea, and 55% to 75% of patients reported phonophobia.

We consideredall trialssufficientlysimilar to include in network metanaly®s
Clinical Benefits

Pain Freedom and Pain Relief at Two Hours

The primary efficacy endpoint in all trials of lasmiditan and CGRP antagonists was freedom from
pain at two hours after treatrant, before the use of any rescue medicatidpain relief, defined as

a decrease in headache pain from moderate or severe at baseline to mild or no pain at two hours
after treatment and before taking any rescue medication was measured as a secondanyeurco

the trials. Patients with moderate or severe pain who achieve pain freedom would also be counted
as having pain reliefOverall, a greater proportion of patients achieved freedom from pain and pain
relief attwo hours post dosavith the interventicns compared to placeb(see Tabl&S).
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Table ES. Phase IIl Results of Lasmiditan, Rimegepant and Ubrogepant. Pain Freedom and Pain
Relief at 2Hours

Headache Pain
Freedomat 2-
Hours

Headache Pain
Relief at 2Hours

Intervention

(Trial)

Lasmiditan 200mg

Lasmiditan —
Lasmiditan 100mg

(SAMURAP4
Placebo
Lasmiditan 200mg
Lasmiditan
(SPARTAR Lasmiditan 100mg
Placebo
(Study301)%” Placebo
Rimegepant Rimegepant 75mg
(Study302)2¢ Placebo
Rimegepant Rimegepant 75mg
(Study303)%8 Placebo
Ub : Ubrogepant 100mg
rogepan
(ACHIEVB3! Ubrogepant 50mg
Placebo

Ubrogepant Ubrogepant 50mg
(ACHIEVE) Placebo

167/518 (32.2)
142/503 (28.2)
80/524 (15.3)

205/528 (38.8)

167/532 (31.4)

115/540 (21.3)
104/543 (19.2)
77/541 (14.2)
105/537 (19.6)
64/535 (12.0)
142/669 (21.2)
74/682 (10.9)

95/448 (21.2)

81/422 (19.2)
54/456 (11.8)
101/464 (21.8)
65/456 (14.3)

330/555 (59.5)
334/562 (59.4)
234/554 (42.2)
367/565 (65.0)

370/571 (64.8)

274/576 (47.7)
304/543 (56.0)
247/541 (45.7)
312/537 (58.1)
229/535 (42.8)
397/669 (59.3)
295/682 (43.3)

275/448 (61.4)

257/422 (60.7)
224/456 (49.1)
291/464 (62.7)
220/456 (48.2)

95% CI: 95% confidence interval, mg: milligrams, n: number of participants, Nuataer of participants, vs:
versus

Results of the NMA model are presented in terms of the odds ratio (OR) of freedom from pain (or
pain relief) for each intervention versus placebo, sumatriptan and eletriptan (TaBleB®$Table

3). ORs above 1 indicatégher odds of pain freedom at two hours with the active intervention
versus comparator while ORs below 1 indicate lower odds. Lasmiditan, rimegepant, and
ubrogepant all had higher odds of achieving pain freedom at two hours versus plaCebtgared

to each other, none of the interventions showed statistically significant differertbesigh

lasmiditan showed a statisticalhpnsignificant, higher odds of achieving pain freedom contrast,

all interventions showed lower odds of achieving pain freedmmpared to eletriptan and
sumatriptan. However, statistical significance was not reached for lasmiditan versus sumatriptan.
Similar trends were observed for pain relief at two hours (Tab®.ES
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Table E3. NMA results. Interventions and Comparators. Pain Freedom #idurs

Lasmiditan

(100/200 mg)
1.43 (0.97, 2.06)

Rimegepant
75 mg

1.43 (0.93, 2.14)

1 (0.69, 1.46)

0.73 (0.53, 1.06)

0.51 (0.39, 0.7)

Ubrogepant

0.52 (0.37, 0.74)

(50/100 mg)

Sumatriptan

0.54 (0.36, 0.85)

0.38 (0.27, 0.57

0.38 (0.26, 0.59)

0.73 (0.57, 0.97)

(50/200 mg)

Eletriptan40 mg

3.01 (2.2, 4.14)

2.11 (1.67,2.72

2.12 (1.58, 2.88)

4.09 (3.43, 4.82)

5.6 (4.14, 7.23)

mg: milligrams

LegendEach box represents the estimatedds ratioand 95% credible interval for the combined direct and

indirect comparisons between two drug&stimates in bold signify that the 95% credible interval does not contain

1.

TableES3. NMA results. Interventionand Comparators. Pain Relief att®urs

Lasmiditan

(100/200 mg)
1.16 (0.87, 1.52)

1.15 (0.85, 1.58)

Rimegepant
75 mg

1(0.75, 1.34)

0.84 (0.67, 1.13)

0.73 (0.58, 0.96)

Ubrogepant
(50/100 mg)

0.73 (0.55, 1)

0.61 (0.44, 0.88)

0.52 (0.38, 0.76)

0.52 (0.37, 0.78)

Sumatriptan
(50/100 mg)

0.72 (0.58, 0.89) W= E1ig]ej=1g k2 0Ny (o]

2.53 (2.04, 3.25)

2.19 (1.8, 2.76)

2.19 (1.7, 2.89)

2.99 (2.65, 3.34)| 4.18 (3.32, 5.14)|NFETe=ofo)

mg: milligrams

LegendEach box represents the estimatedds ratioand 95% credible interval for the combined direct and

indirect comparisons between two drug&stimates in bold signify that the 95% credible interval does not contain

1.

Pain Freedom and Relief between TwodaBight Hours

The randomized trials of the acute therapies for migraireze not designed to assess for delayed

benefits from the initial study drug beyond two hourBhough the trials ofrimegepantand
ubrogepantreported resultsbeyondtwo hours based on censoring strategies that removed
patients who tookadditionalmedication after two hoursthesecensored outcomes have the
potential for confoundindecause theyiolate the initial intention to treat designNevertheless,
these censeed outcomes (see Figures 3.1 and)32ggested that the primary outcomes at two
hours may underestimate the benefit of the study dsuig a time period out to eight hours.

However, the ubrogeparitials permitted examining outcomes out to four hours watht breaking

the initial intention to treat designPatients who had not had relief of migraine at two hours and
4S02yR R24aS 27

decidedii 2

Gr1sS I

& (i deBive a ¥eEoRdAdOsE Of A 2 Y
placebao Patientswho had initially receivedbrogepant were randomized to receive ubrogepant or

placebo. Ths permitted acomparison between patients who initially received placebo teh
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received a second dose of placebo and patients who initially received ubrogeparthandeceived
placebo agheir second doseThe results of the additional analysis showed an additional delayed
benefit with ubrogepant at four hours after the initial dose¢ Table.6).

Sustained Pain Freedom

Sustained pain freedom refers to individuals who were pain &tetevo hours and maintained pain
freedom with no use of rescue medication or relapse within2&{ained pairfreedom at 24

hours) or 48 hourss(stained pairfreedom at 48 hours) after the initial treatmeniThe results of

the NMA results on 24 hoursistained pain freedom are presented in Tabld.ESmilar to the
two-hour results, a greater proportion of patients on the interventions achieved sustained pain
freedom at 24 hours versus placebo. Althowdjhinterventions showed lower odds of achieving
sustained pain freedom at 24 hours compared to sumatri@tad eletriptan, these were not
statistically significantSimilarly, the interventions were not statistically significantly different from
each other.

Table E& NMA Results. Alnhterventions and Comparators. Sustained Pain Freedom at 24
Hours

Lasmiditan

(100/200 mg)
1.16 (0.67, 1.94)

Rimegepant(75
mg)
1.26 (0.72, 2.11)| 1.08 (0.67, 1.74

Ubrogepant
(50/200 mg)

0.83 (0.5, 1.44) | 0.71 (0.48,1.12) 0.66 (0.411.12) Sumatriptan
0.73 (0.34, 1.53)| 0.63 (0.32, 1.22) 0.59 (0.28, 1.18)| 0.89 (0.44, 1.69) Eletriptan
2.92 (1.89,4.5) | 2.51(1.89, 3.46) 2.32 (1.62, 3.46)| 3.53 (2.52, 4.77)| 3.97 (2.24, 7.36)EE=]fo]
mg: milligrams
LegendEach box represents the estimatedds ratioand 95% credible interval for the combined direct and
indirect comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain
1.

Freedom from Most Bothersome Symptom B3)

Absence of the most bothersome migraine associated symptom (i.e. phonophobia, photophobia, or
nausea) at two hours after treatment was measured as-pramary endpoint in the Phase Il trials

of lasmiditan, rimegepant and ubrogepartlowever, none ofhe triptan studies assessed freedom
from MBS as an outcomé he NMA results showed that lasmiditéih69, 95% Crl: 13 2.14),
rimegepant(1.58, 95% Crl: 1.29, 1.)94nd ubrogepan{l1.64, 95% Crl: 1.28, 2 1@l had higher

odds of achieving freedom from MBS at two hours post dose compared to platkbwever,

compared to each other, none of the interventiosowed astatistically significant differere.
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Disability

Functional disability assessed at two howas measured as a secondary outcome in all the Phase

1l trials of the interventions, but not consistently in the triptan studies. As such we included only
the seven Phase Il trials in our NMA and compared the interventions to each other and to placebo.
The NMA results showed that lasmiditéih70, 95% Crl: 1.32, 2.20)0megepant(1.72, 95% Crl:

1.38, 2.14)and ubrogepanf1.51, 95% Crl: 15, 1.96) all had higher odds of achieving no disability

at two hours post dose compared to placelddowever, compared to each other, none of the
interventions showed a statistically significant difference.

Harms

Harms assesseid the singleattack trialsincludetreatment-emergentadverse event§TEAES)
seriousadverse eventsAE$, and any AE reported by at le& of a trial arm. Overathe AEs
observed in theetrials were mild or moderate in intensity. The NMA results shovede were no
differences in theodds of anyAE and TEAE betweamegepantand ubrogepant versus placebo

and triptans in the singlattack trials. However, lasmiditan had higher oddsaafusingTEAE

compared to placeb¢b.99, 95% Crl3.3, 12.52 Table 3.15), rimegepant (4.00, 95% Crl: 1.38, 12.04),
ubrogepant (5.10, 95% Crl: 2.31, 12,9%)dsumatriptan(2.57, 95% Crl: 1.8,07). Similar results

were seerfor any AE.

Nausea was among the most commonly reported ilEhe ubrogepant and rimegepant trials (1%
to 3%). In the lasmiditan trialsentral nervous system (CN@®Jated AEs (e.g., dizziness {1&%],
somnolence [$%6%], paresthesia [Z%)) were the most frequently reported &Rvith dizziness the
most common.Results of the NM on the incidence of dizziness across trials showed that
lasmiditan had higher odds of causing dizziness compared telpia8.43, 95% Crl4.88, 19.35
seeTable 3.6), rimegepant (02, 95% Crl: 2, 25.63), ubrogepant4.95 95% Crl: 67, 15.92),
sumatriptan (409, 95% Crl2, 10.6), and eletriptan .97, 95% Crl: 84, 12.41).

In the opentlabel extension@LE studyof lasmiditan, 12.8% of patients discontinued the trial due

to adverse events (11.2% of patients in the 100 mg group, and 14.4% in the 200 mg group), and
dizziness was reported to be the most common AE leading to discontinuation (2.7% of patients in
the 100 mg group, and 4.3% of patients in 200 mg group). There was no incidence of abuse,
misuse, or diversion related to the CNS effects of lasmiditan. Due to concerns about somnolence
with lasmiditan, the FDA label advises that patients should not drieperate machinery within 8
hours of taking a dos®. Compared to the lasmiditan OLE, rates of discontinuation were lower in
the OLEs of rimegepant and ubrogepasegTable 3.7).
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Controversies and Uncertainties

We primarily used indirect quantitative methods (network met@alyses) to compare lasmiditan,
rimegepant and ubrogepant to each other because there were no fedtad studies, and only
one trial compared one of the interventions versus a triptan (rinpsge vs sumatriptan). Such
indirect analyses have more uncertainty than had the therapies been compared directly.

The primary outcomes reported included efficacy and side effects of a single dose of each drug
compared to placebo at two hours after initstudy medication.Though patient and patient
advocates highlighted the importance of outcomes after two hours, protocols for use of rescue
medications and additional study medication dosing differed markedly among the trials making it
difficult to asses the benefits of these drugs after two hourBo address this, we obtained data

from the trials of ubrogepant that were designed in a way that could permit a blinded evaluation of
the initial study drug out to four hourddowever, the magnitude and duran of any delayed

benefit of these drugs remains uncertain

Limitations of current therapies including triptans has led to considerable interest in new therapies
for acute treatment of migraineHow helpful these new drugs will be over time for thesgignts

in terms of effectiveness and tolerance is uncertaifough potentially an option for those with
absolute or relative contraindications to triptans, such as heart disease, there is little clinical
information on the safety of these new therapis these individuals.

Since most data presented results of these drugs for treatment of a single migraine attack, it is
uncertain about their outcomes when used over time for repeated attacks. Importanttésny
outcomes such as the effect of these nieattions on potentially decreasing the frequency of
migraine attacks, the occurrence of medication overuse headaches, and the need for other
therapies such as opioids and barbiturates are currently not kndtvis. hoped that having more
treatments for mgraine can reduce use of opioids and thus the risk for opioid misuse.

Finally, migraine can have a dramatic impact on quality of life and ability to work for those with
frequent, severe and unpredictable attacKsis uncertain if these new therapies mhaglp improve
guality of life and work and productivity outcomes over time.

Summary and Comment

Lasmiditan, Rimegepant, and Ubrogepant Versus No Additional Migrefpeecific Acute
Treatment (Placebo) or Triptans (Sumatriptan and Eletriptan)

Results from clinical trials and from our NMAs suggest that lasmijditagepant and ubrogepant
decrease symptoms of migraine attacks and improve function compared to placebo. Few harms
were seen in thesingledosetrials of lasmiditapnrimegepantandubrogepant. However, lasmiditan
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showeda higherincidence of CNS related AEs (e.g., dizziness, somnolence, pargsthésa
clinical trials.

Population 1: For adults (18 years and older) with modesseere migraine attacks that have not
responded 6 nonprescription medicines and for whom triptans have not been effective, are not
tolerated, or are contraindicated:

1 We consider the evidence on lasmiditan, rimegepant and ubrogepant compared to placebo
G2 0S GAYONBYSydGlf 2 Nmbderaté @nainty of admalbor RSY 2y ad N
substantial health benefit, with a high certainty of at least a small net health benefit.

Population 2: For adults (18 years and older) with migraine attacks that have not responded to non
prescription medicines (and asdigible to use triptans):

1 We consider the evidence on lasmiditan, rimegepant and ubrogepant compared to triptans
G2 0S5 a02 YL} NI-)pderSonstratihgimgdertélderdaiNty thad the point
estimate for comparative net health benefit is eithemgparable or inferior. Based on the
results of the NMAs, rimegepant and ubrogepant appear to be less efficacious than triptans
(sumatriptan and eletriptan) but have comparable shtatm adverse eventsFor
lasmiditan, the results of the NMAs suggessilass efficacious thanptans, but the NMAs
do not exclude comparable efficacgmpared to sumatriptanln terms of adverse events,
the NMA results suggest a higher incidence with lasmiditan compared to triptans.

For all adults with migraine attacks:

T 2SS O2yaARSNI GKS S@ARSYOS 2y NAYSASLIYyE |yR d:
demonstrating a high certainty of a comparable net health benéfdr lasmiditan, the
results of the NMAs suggestnitay beslightly more efficacious than rimegepant and
ubrogepant. However, the NMAs do not exclude comparable efficdgtients treated
with lasmiditan had more adverse events and more of them discontinued treatment than
patients treated with rimegepant or ubrogepanin addition, supplemental pogtoc
analyss show a delayed benefit withe gepantscompared with placebo. Thusgvbelieve
any possible greater efficacy lasmiditanis at best balanced by these adverse events and
may be outweighed by them, and thuge consider the evidence on lasmiditan compared to
NAYS3ISLIyYydG FYyR dzoNRPISLI YyG)GE2 0SS a02YLI NIF o6t S
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LongTerm CoskEffectiveness

Model Overview

Theprimary aim of this analysis was éstimatethe costeffectivenesf lasmiditan, rimegepant,

and ubrogepant among adults fdre acute treatment of migrain@sing a decision analytic model.

In the model, lasmiditan, rimegepant, and ubrogepamatre compared with each other ard three
comparators in separate analyses across two distinct populatibosthe first comparison, we
included patients who had migraine attacks that did not resptmdon-prescription medicines and
for whom triptans had not been effective, were not tolerated or were contraindicatadhis
group,we compared lasmiditan, rimegepant, and ubrogepant to each other and to no additional
migrainespecific acute treatmentFor this analysis, no additional migraiggecific acute

treatment was estimated by the placebo arms of the clinical trials, although we recognized that in
the realworld, patients may uspreviouslyfailed or untried overthe counterand prescription
treatmentsfor acute migrainencluding analgesicg-or the second comparisowe included

patients who had migraine attacks that did not respond adequately teprescription medicines.

In this analysis, weompared lasmiditan, rimegepant, and ubrogeptmeach other and to two
triptans: sumatriptan and eletriptanSumatriptan was chosen because it is one of the most widely
used triptangn clinical practice; and eletriptan, a newer triptan, was shown in a recent network
meta-analysis to be one of thmost efficacious and well toleratedSince these new agents under
review are all available as oral preparations, we focused our comparison of triptans on the oral
formulations.

We developed ae novosemiMarkov model with timevarying proportions of pagints with
response to treatment.The outcomes of interest included the incremental cost per quality
adjusted life yea(QALYYained, lifeyears gainedgqual value of life years gained (evL,Ydhd cost
per hour of migraine pain avoided.he model was informed by a network medaalysis of key
clinical trials and prior relevant economic modelgstematic literature reviews, and input from
stakeholders.The basease used a US health sector perspective with costs and outcomes
discounted at 3% annuallyihe model cycle was 4tursandthe time horizon was two years.

Upon model entry, hypothetical patients entered one of two Markov states, either having
migraine or not having a migraine, based on the average daily rate of migrainasng patients in
the migraine health state, patients were classified as having moderate or severe migraind pain.
treatment response was evaluated at 2, 8, 24 andhd8rs. Patients could have complete
resolution of migraine pain (pain freedom), improvement in migraine pain without complete
resolution (pain relief) or no improvemenPatients with pain relief at each of the time points were
classified as having mitdigraine pain.The level of migraine pain was linked to utility values from
the EQ5D. Treatment response was linked with the probability of requiring a provider office visit,
emergency department visit or hospitalization due to migraiRates of adversevents were
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https://icer-review.org/wp-content/uploads/2018/12/QALY_evLYG_FINAL.pdf

linked to disutility valuesOver time, patientgoulddiscontinue treatment due to side effects
or insufficienteffectiveness.

KeyAssumptions
The model required several assumptions, which are described below.

TableES. Key ModelAssumptions

Assumption Rationale

Mortality is not associated with acute treatment for There have been no demonstrated mortality benefits

migraine. with treatment of migraine pain and other symptoms.
Studies evaluating new migraine therapies were eithe
shortterm single episode studies or naontrolled oper
label studies and were not designed to demonstrate
charges in migraine frequency with treatment.onger

Acute treatment of migraine term, uncontrolled, opedabel studies suffer from a
with lasmiditan,rimegepant,ubrogepant, and triptans possible placebo effect and a high likelihood that
does not affect migraine frequency. NBaNBaarazy (42 GKS YSFy

results. Should stronger evidence suggest that migra
frequency and/or characteristics are modified with ac
treatments for migraine, this assumption will be
reevaluated.

Data describing treatment discontinuation due to lack
effect was obtained from a study in which follow up
lasted for 12 month&® It is unlikely that tle majority of
patients receiving no or suboptimal benefit would
continue taking a medication beyond 12 months.

Patients receiving no benefit from treatment
discontinued the medication in the first year of
treatment only. There was naliscontinuation for lack
of effectiveness in the second year of the model.

Sufficiently detailed data evaluating those who did nc
respond was not uniformly available from clinical
trials. This assumption was necessary to assign utilit
values to those who did not respond to therapy.

Patients who did not respond to acute treatments for
migraine were assumed to have moderate or severe
pain, in proportion to what wasobserved at baseline.

The impact of migraine on productivity is important tc
patients. Howeverclinical trials did not evaluate work
productivity. Studies thahave evaluated work
productivityhave assessed the impact of migraine on
productivity (primarilyabsenteeism but have not
assessed the impact of treatment and time to pain

If amigrainetreatment resulted in migraine pain oft y°
LI Ay é 2 NJ d2mhbursR perdbnivglid bel-alile

e and/or symptom reliebn productivity. This assumptiol
was necessary to apply rdsiof productivity studies in
migraine patients to this model for the scenario analy
evaluating a modified societal perspective.
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Model Inputs

Twao-hour response to acute treatments for migraimasestimated using data directly frolinical
trials included in a network metanalysis.The proportion of patients who were pain free in clinical
GNRAI f& 6SNBE O2yaAi RS M-Rourie piint. @i% propbrdion bibatights I G G KS
gAUK AaYAf R LithahAd paid St wer& otp&in free Thosewith no response
remained inmoderate or severe pain in proportion to what was observed at baselmelinical

trials evaluating lasmiditan, rimegepant, and ubrogepant, some patightsresponded at two
hours subsequengllost response to treatment between 2 and 24 houfi$e proportion of patients
maintaining response at 24 hours was based on estimates from the networkametgsis of

clinical trials.For the patients whadost response, we assumed the maximal propamtiost

response at eight hoursAfter 8 hours, patients regained responsgere the rate of response
among this grou@t 24 hourswas equivalent to the placebo response ratdl patients responding
at 2 hours were assumed to hatreatmentresponse a8 hours.

Among @tients who did not respond at two hourthe rate of response observed in this group was
based on the rate of placebo resporet8, 24, and 48hours. For Population 1, this observed
placebo response was further modified by a relatigk 0f achieving pairelief or pain freedom for
rimegepant and ubrogepant only, to adjust famobserved greater response when compared with
placebo after the2-hour time point. Estimates of treatment response at 2, 8, 12, 24, and 48 hours
are shown irthe full report, Table4.3 (Population 1) and 4.4 (Population 2)

The uilities used in the analysisere derived from published literature that estimated migraine
specific utility values using the EBD and stratified by the severity of the migrainghe utility

values used in the model were 0.959 for pain free, 0.835 for mild pain, 0.773 for moderate pain and
0.440 for severe painHospitalized patients were assignediauility of -0.5for 48 hours; those
admitted to the emergency department were &psed a disutility 0f0.5 for 24 hours.We did not

include a disutility score for patients suffering from nausea and/or vomiting,

photophobia,or phonophobia due to lack of datdisutility ofother adverse eventsincluding
drowsiness, dizziness, fatig and paresthesia, were included in the madel

We used the wholesale acquisition cost (WAC) from Redbook to estimate prices for all drugs with
prices availableAt the time of publishing this report, the prices for rimegepant was not available.
We therefore estimated the price of rimegepant assuming the same price as was announced for
ubrogepant. A 27% industry average discount was applied to all WAC piiests for treatments

for the usual care arm were estimated using a prevalent mix of treatsnamd appked WAC prices

from Redbook.We used the WAC to price without an applied discount to price triptans, as they are
currently available as generic medications.
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TableES. DrugCost per Dose

$80.00 RedbookOnline from MicromedeX

WAC not
Rimegepant available(used Assumed same price as faoibrogepant.
$85

$85.00 Redbook Online from Micromed®x
Sumatriptan, Oral
tablets
50 mg
100 mg

Eletriptan . :
$11.95 Redbook Online from Micromedex

_ Ford 20178
Usual Care (mix) $4.81 e e

mg: milligrams, WAGvholesale acquisition cost

$1.04 Redbook Online from Micromed®&x

BaseCase Results

Thebasecase results using the placeholder pricesl&miditan rimegepant, andibrogepantare
reported in TableES and ES8

Table E®. BaseCase Resultfor Lasmiditan,RimegepantUbrogepant, and Usual Cafer
Population 1

$3,360 $12,000 1.8252 1.8252

$3570 $10,660 1.8295 1.95 1.8295 1,570
$3570 $10,660 1.8295 1.95 1.8295 1,580
$280 $10,050 1.8142 1.95 1.8142 2,100

QALYquality-adjust life year; LYife year; evLYGqual value of life yeargained

*Using assumed placeholder price for rimegepant (i.e. same as WAC for ubrogepant)

**Drug costs per year were calculated without accounting for diseoation of the drug. Total costs take into
account discontinuation and costs of alternative treatments.
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Table E8. BaseCase Result$or Lasmiditan,RimegepantUbrogepant, Sumatriptanand
Eletriptanfor Population 2

Treatment Drug Cost | Total Cost* QALYs Life Years evLYG Hours of Pain
(per year)*
$3,360 $12,000 1.8252 1.95 1.8052 1,700
$3570 $13,010 1.8222 1.95 1.8222 1,870

Ubrogepant $3570 $13,020 1.8221 1.95 1.8221 1,876

Sumatriptan $60 $6,630 1.8%64 1.95 1.8%64 1,610

Eletriptan $690 $6,790 1.823 1.95 1.8293 1,480

*Using assumed placeholder price for rimegepant (i.e. same as WAC for ubrogepant)
**Drug costs per year were calculated without accounting for discontinuation of the drug. Total costs take into
account discontinuation and costs of alternative treatments.

The incremental costffectiveness results are reported in TaB89 When evaluating the use

of lasmiditan rimegepant, andibrogepantusing the placéholder prices irPopulation 1the

ICERS$or lasmiditan rimegepant, andibrogepantcompared with usuatarewere $177,50Q

$39,80Q and $10,000per QALY gained, respectivelhen compared with each other, rimegepant
and ubrogepant dominated lasmiditan, being more effective and less cdgittyegepanand
ubrogepant had nearly identical total costs, Qaland coseffectiveness.In Population 2,

both sumatriptan anceletriptan produced higher QALYs at a lower total cost, and therefore
dominatedlasmiditan,rimegepant, andubrogepant.
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TableES. Incremental CosEffectiveness Ratios for the Basase

Treatment SR Cost per QALY | Cost per Hour of
: Gained Pain Avoided

Population 1

Lasmiditan Usual Care $177,500 $5.47
Rimegepant Usual Care $39,800 $1.15
Ubrogepant Usual Care $40,000 $1.15

Population 2

Lasmiditan Sumatriptan Dominated Dominated
Rimegepant Sumatriptan Dominated Dominated
Ubrogepant Sumatriptan Dominated Dominated
Lasmiditan Eletriptan Dominated Dominated
Rimegepant Eletriptan Dominated Dominated

Ubrogepant Eletriptan Dominated Dominated

QALYquality-adjusted life years
*Using assumed placeholder price for rimegepant (i.e. same as WAC for ubrogepant)

Sensitivityand ScenaridAnalyses

We conducted sensitivity analysasd scenario analysés assess the impact of all model
parameters on the estimated cosffectiveness in population 1IThe model was sensitive teveral

of the model inputs.For lasmiditan, the monthly migraine frequency, probability of being
hospitalized, probability of having emergency department visits, and proportion with pain relief at
24 hours (in the lasmiditan and/or placebo treatment branches) were considered importan
variables with the potential to result in incremental cesftectiveness ratios below $150,000 per
QALY gained depending on the input val&®r rimegepant and ubrogepant, migraine frequency
and probability of hospitalizations had the potential to résalincremental coseffectiveness

ratios above $150,000 per QALY.

Probabilistic sensitivity analyses were also conducted to assess the variation across all parameters
with 1,000 Monte Carlo simulationg.ableES.0 shows the proportion of simulations favhich

each treatment had the highest net mean benefit at different eefééctiveness thresholds for
lasmiditan, rimegepant, ubrogepant, and usual caféhen conducting probabilistic sensitivity
analyses on the basmse in Population 1, rimegepant and ubrogepant were the mosteffsttive
options at the $50,000 per QALY gained threshold 36.8% and 47.6% of the time, respectively.

©lnstitute for Clinical and Economic Review, 2020 PageEl6
Final Evidenc®eport Acute Treatments for Migraine Return to Table of Contents




Lasmiditan was not considered the most ceffective option in fousway comparisons any of the
threshold prices.

TableES0. Probabilistic Sensitivity AnalysResultsProportion of ICERs below specified
Thresholds folLasmiditan,RimegepantUbrogepantCompared withUsual Care (Placebo)

TreatmentCompared | CostEffective at $50,000 | CostEffective at $100,000 CostEffective at $150,000
with Usual Care per QALY per QALY per QALY
0.0% 0.0% 0.0%

Rimegepant 36.8% 45.7% 46.5%
Ubrogepant 47.6% 53.5% 53.5%

QALY: qualitadjusted life year
*Using assumedplaceholder price for rimegepant (i.e. same as WAC for ubrogepant)

Scenario Analyses

The modified societal perspective includeotential labor benefitsfor reduced migraine paim the
analysidor Population 1. In this scenario, the ICERSs for lasmiditan compared to usual care was
$57,500, while rimegepant and ubrogepant dominated (i.e. lower cost and higher QALYs gained)
usual care.

Threshold Analyses Results
Average annual prices that walitesult in willingnes$o-pay thresholds of $50,000 to $150,000 per

QALY gainefbr Populationl are shown in tabl&S1 below.

TableES1. Threshold Analysis Resultsr Population 1 (Patients Who Cannot Take Triptans)

AnnualPriceto Achieve | AnnualPriceto Achieve | AnnualPriceto Achieve
$50,000 per QALY $100,000 per QALY $150,000 per QALY

Lasmiditan $2,390 $2,770 $3,150
Rimegepant $3,670 $4,160 $4,640

Ubrogepant $3,670 $4,150 $4,630

QALYquality-adjusted life year

Model Validation

Model validation followed standard practices in the fiele tested all mathematical functions in
the model to ensure they were consistent with the report (and supplemental Appendix
materials). Model calculationswere verified,and model input parametergere variedto evaluate
face validity of changes in resultg/e also conducted sensitivity analyses with null input values to
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ensure the model was producing findings consistent with expectatitfmdel validation was also
conducted in terms of comparisons to other model findings.

Summary and Comment

In our analysis of the cost effectiveness of lasmiditan, rimegepant, and ubrogepant, we found that
for patients for whom triptans are not effective, ntatlerated, or are contraindicated (Population

1), rimegepant (assuming similar pricing to ubrogepant) and ubrogepant areftestive at

commonly used thresholds. Lasmiditan exceeds the $150,000 per QALY gained threshold in this
population. Forpatients able to take triptans (Population 2), sumatriptan and eletriptan are both
more effective and less expensive than these newer agents. Due to clinical trial designs, there is
considerable uncertainty in some estimates used in the lsase, such ahe impact of the

treatments on emergency visits and hospitalizations, pain relief at time points beyond 2 hours, and
repeatedmedication use on migraine frequencilore evidence is required to obtain better

precision in coseffectiveness estimates fdasmiditan, rimegepant, and ubrogepant when
compared with usual care.

Potential Other Benefits and Contextual Considerations

Our reviews seek to provide information potential other benefits offered by the intervention to
the individual patient, caregers, the delivery system, other patients, or the public that would not
have been considered as part of the evidence on comparative clinical effectiveflesse

elements are listed in the table below.
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Potential Other Benefits

Table E®2. Potential Othe Benefits

Other Benefits Description

This intervention offers reduced complexity that
will significantly improve patient outcomes.

This intervention will reduce important health
disparities across racial, ethnic, gendsocic
economic, or regional categories.

This intervention will significantly reduce caregiv
or broader family burden.

This intervention offers a novel mechanism of
action or approach that will allow successful
treatment of many patients for whom other
available treatments have failed.

Thisintervention will have a significant impact on
improving return to work and/or overall
productivity.

Other important benefits or disadvantages that
should have an important role in judgments of th
value of this intervention.

Similar tomost triptans, lasmiditan, rimegepant and
ubrogepant are orally available medications and would |
be expected to increase the complexity of care. The
favorable side effects seen to date with rimegepant and
ubrogepant, similar to those seen with placelmay make
these medications attractive to patients and clinicians.
The restriction on driving after taking lasmiditan is a
potential disadvantage of that therapy.

Not applicable

New therapies for acute treatment of migraine may
reduce caregiver and family burden if outconas
improvedfor thosein whom existing therapies do not
effectively and safely control symptoms.

These new therapies reflettanslational research in whicl
improved understanding of the mechanisms of disease
led to new therapeutics. Lasmiditan, approved for
migraine attacks, targets the SHT1Fh{Eroxytryptamine
1F) receptor, and unlike the pians does not induce
vasoconstriction. The gepants, target CGRP, a peptide
neural transmitter found in the pathways that play an
important role in migraine. Ubrogepant is the first
approved small molecule gepant and rimegepesnander
review.

The availability of new treatments for migraine is likely t
allow some patients to remain at work in situations whei
they would otherwise have needed tiss or leave work.
The restriction on driving after taking lasmiditan may
negatively impact work/productivity outcomes.
Patientsand advocates expressed the hope that these n
therapies for patients with migraine may provide an
effective and safe alternative for individuals who may tu
to opioids and barbiturates because of limitations of
existing therapies.
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Contextual Considertgons

Table E®2. Potential Contextual Considerations

Contextual Consideration ‘ Description

This intervention is intended for the care of For patients with frequent and severe migraine attacks
individuals with a condition of particularly high | that have not responded to other therapies or have had
severity in terms of impact on length of life and/c intolerable side effects or contraindications to their use,

quality oflife. these new therapies may offer a new treatment option.
This intervention is inteded for the care of Forsomeindividuals with migraine, it is a frequent,
individuals with a condition that represents a unpredictable and disabling condition that impacts all
particularly high lifetime burden of iliness. aspects of life.

This interventbn is the first to offer any There arecurrently availablever the counter and FDA
improvement for patients with this condition. approvedmedications for patients with migraine attacks.

For patients who improve wittasmiditan, rimegepant or
ubrogepantand have tolerable side effects, it is expecte
that prolonged use for migraine attacks will be
recommenda&. Questions remain about the developmel
of new side effects and the risk of medication overuse
headaches with frequent use over time.
For new medications that have mainly been evaluated i
Compared tat (i KS O 2 YthareNssigr#fidhi single dose comparative trials or naemparative open
uncertainty about the magnitude or durability of | label studies of up to a year, their lotgrm benefits are
the longterm bendits of this intervention. uncertain relative to other therapies that have years of

experience.

Lasmiditan, rimegepant and ubrogepant have not been
There are additional contextual considerations = shown to cause vasoconstriction, but whether they are
that should have an important role in judgments| free ofcardiovascular adverse effects, particularly in thc
of the value of this intervention. with cardiovascular disease or at high risk, remains to b

proven.

Compared tat 1t KS O 2 YthadreNssigriffiduhi
uncertainty about the longerm risk of serious
side effects of this intervention.

ValueBasedPriceBenchmarks

Annual valueébased price benchmarks (VBPBS) of these drugs (vs. usual care) are presented in Table
6.1. The VBPB for a drug is defined as the price range that would achieve incremental cost
effectiveness ratios between $100,000 and $150,000 per QALY gained.

For lasmiditan, price discounts of%2rom the assumedist price would be required to reache
$150,000 per QALY threshold prideable 6.1). Price discounts of approximatelysd@®m assumed
list priceswould be required to reach the $100,0p@r QALY threshold pricange. For
ubrogepant, price discounts of 5% and 15% would be requiredachréhe $150,000 and $100,000
threshold prices, respectively. The WAC is not currently available for rimegefy@nhave
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estimated required price discounts in Tall&3, given the assumption that rimegepant will be
priced the same as ubrogepant when &A@ becomes available.

As there is no mortalityeffectin the model, cost per LY gainedt relevant and thecost per
evLYG isssentiallthe same as the cost per QALY gain®de therefore do not report VBPBs for
these in the table below.

TableES13ValueBased Price Benchmark Ranges lfasmiditan, Rimegepant, and Ubrogepant
versus Usual Care in Population 1 (Patients Who Cannot Take Triptans)

Annual Price at Annual Price at | Discount from WAC
Annual WAC $100,000 $150,000 Required to Achieve
Threshold Threshold Threshold Prices
$4,610 $2,770 $3,150 329%40%

Not available
. . $4,160 4,640 5%15%
(Estimated at $4,896 $ $ 77

Ubrogepant $4,896 $4,150 $4,630 5%15%

QALY: qualitadjusted life yeg WAC: wholesale acquisition cost
*Rimegepant price estimated using ubrogepant WAC. The WAC has not been released for rimegepant.

Rimegepant*

Potential Budget Impact

We used the coseffectiveness model to estimate the potential total budgetary impact of each
drug (lasmiditan, rimegepant, and ubrogepaiaiided to usual caréor prevalent individuals in the
United States (US) aged 18 years and over experiencing migraines requiring acute treatment, with
or without aura Potential budget impact was defined as the total differential cost of using each
new therapy rather than relevant existing therapy for the treated population, calculated as
differential health care costs (including drug costs) minus any offsets in tusse from averted
health care eventsWe used theVAC assumedhet price, andthree threshold prices folasmiditan
and ubrogepantn our estimates of budget impacfs the price for rimegepant was not available,
we assumed the same WAC and net prisdax ubrogepant.We also included a scenario analysis
where the frequency of migraines is assumed to decrease over heosts were undiscounted
and estimated over a fivgear time horizon, given the potential for cost offsets to accrue over time
and to allow a more realistic impact on the number of patients treated with the new therapy.

This potential budget impact analysis does not include the populattiort of patients wth
migraineswho are eligible for treatment with triptans, as sutriptan and eletriptan dominated
these drugs in our cosffectiveness analysisThs potential budget impact analysiscludes the
cohortof patients who ha migraine attacks thatlid not respond to norprescription medicines
and for whom triptans hdnot been dfective,were nottolerated, orwere contraindicated Using
data from the literature, weestimate the size of the potential candidate population for treatmignt
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the average 2022024 estimated US adult populati@sapproximately 6.4 million patientsyo
approximately 1.3 million patients each year over five years.

BaseCase Results

For lasmiditanasshown in Figur&S1 approximatelyl2% of eligible patients could be treated in a
given year without crossing the ICER budget impact threshol813&illion atthe WAC
Approximately 3% of eligible patients could be treat@dthout crossing the budget impact
threshold atits assumed neprice. Approximately 27% of eligible patients could be treaatdhe
price to reach the costffectiveness threshold of $150,0@p@r QALY, increasing to approximately
82% at the $50,000 threshold price

FigureES1 Potential Budget Impact Scenarios of LasmadlitversusUsual Care at Different
Acquisition Prices
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$4,000 N

»_ Net Price*
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$3000 - Ts<l_
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$2,000
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$500

$0
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Percentage of Patients Treated Without Crossing Bl Thre&auit Year

*Assumed 27% discount
Bl: budget impact, QALY: qualédjusted life year

For rimegepantas shown in Figur&S2approximatelyl6% of eligible patients could be treated in a
given year without crossg the ICER budget impact threshold 8L8million atNA YS3I S LI vy (i Qa
assumed/NVAC Approximately 9% of eligible patients could be treat@dthout crossing the

budget impact threshold ahe $150,000 threshold price, increasingapproximately 5% at the
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price to reach $0,000 per QALYApproximately 71% oéligible patients could be treated at the
assumed neprice.

FigureER. Potential Budget Impact Scenarios of RimegepaatsusUsual Care at Different
Acquisition Prices
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WAC).
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For ubrogepantas shown in Figur&S, approximatelyl6% of eligible patients could be treated in a
given year without crossing the ICER budget impact threshol8 @ illion atdzd N2 3 SWACY i Q &

Approximately 19% of eligible patients could be treatdthout crossing the budget impact
threshold atthe $15Q000 threshold price, increasing to approximate8y®bat the price to reach

$50,000 per QALYApproximately 70% of eligible patients could be treated at the assumed net

price.
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FigureES3. Potential Budget Impact Scenarios of UbrogepaetsusUsual Carat Different
Acquisition Prices
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Scenario Results

Data from a longerm open label safety study suggests that the frequency of migraines decreased
over time. Whilethis singlearm trial was not designed to evaluate whether the same effect was
observed in a control populatigaecreasing migraine frequenoyer timecould have a significant
impact on budget impact analyse®Ve therefore created a scenario analysis where we modeled
the potential budget impact of these treatments if migraine frequency decreases over time.

For lasmiditann this scenario, ashown in Figur&$S, approximatelyl7% of eligible patients could
be treated in a given yeavithout crossing the ICER budget impact threshold&if%million at

f | & YA RAQ Approximately 3% of eligible patients could be treatedthout crossing the
budget impact threshold ats assumed neprice. Approximately 39% of eligible patiergsuld be
treated at the price to reach the costffectiveness threshold of $150,0@@r QALY, increasing to
approximately 59% at the $100,000 threshold priéd! eligible patients could be treated at the
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$50,000 per QALY threshold price, with estimateteptial budget impact of approximateB5% of
the threshold

FigureES. Potential Budget Impact Scenarios basmiditan ersusUsual Caret Different
Acquisition Prices: Decreased Frequency Scenario

$6,000
$5,500
$5,000
$4,500
$4,000 "

$3,500 “<_ Net Price*

®<__ $150,000 per QALY
Se~o
$300 - 0 TTeeal o $100,000 per QALY

e cccca-
-
Lk X
bad kX X,

Annual Price

$2,500
$2,000
$1,500
$1,000

$500

$0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Patients Treated Without Crossing Bl Thre&teail Year

*Assumed 27% discount
Bl: budget impact, QALY: gitdadjusted life year

For rimegepant in this decreased frequency scenaiproximately23% of eligible patients could
be treated in a given year without crossing the ICER budget impact threshdd @frillion at

NA YS3IS LI yWAE Appodindadl@ &% of eligible patients could be treatéithout
crossing the budget impact thresholdthe $150,000 threshold price, increasing to approximately
82% at the price to reach3®,000 per QALYAII eligible patients could be treated at tlassumed
net price, with estimated potential budget impact of approximat®&po of the threshold.
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FigureES. Potential Budget Impact Scenarios of RimegepaatsusUsual Care at Different
Acquisition Prices: Decreased Frequency Scenario
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For ubrogepant in this scenariapproximately23% of eligible patients could be treated in a given
year without crossing the ICER budget impact thresholBaBillion atdz6 N2 3 SWACY (i Q &
(Figure ES6)Approximately 27% of eligible patients could be treatgithout crossing the budget
impact threshold atts price to reach the costffectiveness threhold of $150,000, increasing to
approximately % at the price to reach3®,000 per QALYAIl eligible patients could be treated at
the assumed neprice, with estimated potential budget impact of approximat8ipo of the
threshold.
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FigureES. Potential Budget Impact Scenarios Obrogepant \ersusUsual Care at Different
Acquisition PricesDecreased Frequency Scenario
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Midwest CEPA¥oting Results

The Midwest CEPACIF y St RSt A0SNIGSR 2y 1S@ 1jdzSaGA2y & NI A3

on January 23, 2020. The results of these votes are presented below, and additional information on
the deliberation surrounding the votes can be found in the full report.

Population for Questions 17: All adults patientswith a diagnosis of migraine.

1. Is the evidence adequate to demonstrate a net health benefit for treatment with
lasmiditancompared with no treatment?

| Yes: 12 votes ‘ No: Ovotes ‘

©lnstitute for Clinical and Economic Review, 2020 PageER7
Final Evidenc®eport Acute Treatments for Migraine Return to Table of Contents




2. Is the evidence adequate to demonstrate a net health benefit for treatment with
rimegepantcompared with no treatment?

| Yes: 12 votes | No: Ovotes |

3. Is the evidence adequate to demonstrate a net health benefit for treatment with
ubrogepantcompared with no treatment?

| Yes: P votes ‘ No: Ovotes ‘

4. |s the evidence adequate to distinguish the net health benefits between the gepants,
rimegepantand ubrogepant?

‘ Yes: 0 votes ‘ No: 12 votes ‘

If yes:

4a. Whichtherapy, rimegepant or ubrogepant, has the greater net health benefit?

| No votetaken |

5. Is the evidence adequate to demonstrate that tipepantshave a superior net health
benefit compared tdriptans?

‘ Yes: 0 votes ‘ No: 12 votes ‘

6. Is the evidence adequatedemonstrate thatasmiditanhas a superior net health benefit
compared to triptan8

‘ Yes: 0 votes ‘ No: 12 votes ‘

7. Is the evidence adequate tlistinguish the net health benefits between tigepantsand
lasmiditan?

‘ Yes:1 vote ‘ No: 11 votes ‘

If yes:

7a. Whichtherapy,gepantsor lasmiditan, has the greater net health benefit?

‘ No votetaken ‘
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Potential Other Benefit®r Disadvantagesand Contextual Considerations

Population for Questions-82: Adultpatientswith a diagnosis of migrainr whom triptans have
not been effective, are not tolerated, or are contraindicated.

<

8. Does treating patients witgepants2 T FSNJ 2y S 2NJ Y2NB 2F (KS
compared to ovethe-counter therapies? (select all that apply)
This intervention wilkignificantly reduce caregiver or broader family

burden.
This intervention offers a novel mechanism of action or approach thg
will allow successful treatment of many patients for whom other 12/12
available treatments have failed.

Thisk y 0 SNIBSYyGA2yY gAff KIFI@S | &A3
ability to return to work and/or their overall productivity

There are other important benefits or disadvantages that should hayv
an important role in judgements of the value of tiigervention.

11/12

1112

See Section8.2

9. Does treating patients witlasmiditan2 F FSNJ 2y S 2NJ Y2NB 27F (K
compared to ovethe-counter therapie® (select all that apply)
This intervention will significantly reduce caregivebovader family

burden.

This intervention offers a novel mechanism of action or approach thg
will allow successful treatment of many patients for whom other 1112
available treatments have failed.

This intervention willhavea A Ay A FA OF y i A YLI O
ability to return to work and/or their overall productivity

There are other important benefits or disadvantages that should hayv
an important role in judgements of the value of this intervention

10/12

9/12

See Sectior8.2

10. Does treating patients witgepants2 F ¥ SNJ 2y S 2NJ Y2NB 2F GKS
compared tdasmiditan? (select all that apply)
This intervention offers reduced complexity that will significantly improve
patient outcomes.
There areother important benefits or disadvantages that should have an
important role in judgements of the value of this intervention

9/12

6/12

11. Are any of the following contextual considerations importanagsessingepantQ - 2 y 3
term value for money? (select all that apply)
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This intervention is intended for the care of individuals with a condition o]
particularly high severity in terms ohpact on length of life and/or quality o 9/12
life.

This intervention is intended for the care of individuals with a condition th
represents a particularly high lifetime burden of iliness.

This intervention is the first to offer angnprovement for patients with this
condition.

There is significant uncertainty about the letegm risk of serious side
effects of this intervention.

There is significant uncertainty about the magnitude or durability of the-Iq
term benefits of this intervention

11/12

12/12

4/12

8/12

12. Are any of the following contextual considerations importanagsessing | & Y A Rokgi | y Qa
term value for money? (select all that apply)
This intervention is intended for the care of individuals wiitoadition of

particularly high severity in terms of impact on length of life and/or quality 10/12
life.
This intervention is intended for the care of individuals with a condition tk

represents a particularly high lifetime burden of iliness. iz
This intervention is the first to offer any improvement for patients with thi ——r
condition.

There is significant uncertainty about the letegm risk of serious side i

effects of this intervention.
There is significant uncertainty about theagnitude or durability of the lorg
term benefits of this intervention

6/12

LongTerm Value for Money

Population for Questions 1:35: Adult patientswith a diagnosis of migrainr whom triptans
have not been effective, are not tolerated, or aomtraindicated.

13. Given the available evidence ocomparative effectiveness and incremental cost
effectiveness, and considering other benefits, disadvantages, and contextual considerations,
what is the longterm value for money of treatment withmegepantversus no treatment?

‘ No votetaken ‘
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14. Given the available evidence oomparative effectivenesand incremental cost
effectiveness, and considering other benefits, disadvantages, and contextual considerations,
what is the longtierm value for money of treatment witbbrogepantversus no treatment?

*Note: This vote was basexh information presented at the public meetin§upplemental post
hoc analyses suggest that there is a delayed benefit for the ge@aighe base case cest
effectiveness model was modified to reflect this a result, the revised models suggest that the
gepants are cosffective based on the WAIGSst for ubrogepant.

| Low: 4 votes | Intermediate:8votes | High: 0 votes |

15. Given the available evidence oomparative effectiveness and incremental cost
effectiveness, and considering other benefits, disadvantages, and contextual considerations,
what is the longterm value for money of treatment witlasmiditanversus no treatment?

| No votetaken |

Key Policy Implications

Following its deliberation on thevidence, the Midwest CEPAC Panel engaged in a moderated
discussion with a policy roundtable about how best to apply the evidence on the lssmtlitan,
rimegepant, and ubrogepant among adults foe acute treatment of migraine The policy
roundtablemembers includedwo patient advocates, two clinical experts, one payer, and four
representatives from pharmaceutical manufacturerbhe discussion reflected multiple
perspectives and opinions, and therefore, none of the statements below should be taken a
consensus view held by all participants. Theliop policy implications are presented below, and
additional information can be found in the full report.

Payers

(1) Given thatthe evidence does not demonstrate superiority of the newer agentexisting less
expensivereatment options it is reasonable for insurers and other payers to develop prior
authorization criteriafor lasmiditan, rimegepant and ubrogepartb ensure prudent use of
these new therapies

(2) For ubrogepant and rimegepant, giverneir similar mechanisms of action and available
evidence suggesting no major differences in safety or effectiveness, it is not unreasonable for
payers to negotiate lower prices by offering preferential formulary status to one or the other
drug, including he possibility of exclusion of one of the drugs. If only one drug is covered,
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however, clinicians and patients should have the ability to appeal for coverage for the other
gepant drug should a trial of the favored drug not produce adequate success.

(3) Priorauthorization criteria should be based on clinical evidence, specialty society guidelines,
and input from clinical experts and patient groupd he process for authorization should be
clear and efficient for providersOptions for specific elements of gerage criteria within
insurance coverage poliesare discusseth Section 8.3.

Providers

(1) With the advent of these new treatment options, specialists in migraine treatment should
seek new avenues to educate primary care clinicians on the appropriateofiseptans and
other acute treatment options in order to maximize the appropriate care of the substantial
population of patients with migraine while helping to control costs.

(2) Migraine specialists and specialty societies should update guidetemmmendations to
address the role of these new medications for acute treatments for migraine.

Manufacturersand Researchers

(1) Manufacturers and researchers should develop long term comparative trials of acute
treatments for migraine that assess outcomeser the entire course of a migraine attack.

(2) Manufacturers and researchers should develop comparative trials of acute treatments for
migraine that assess whether new medications have a lower risk for medication overuse
headache and can reduce the frequenafymigraine attacks over time.

(3) Manufacturers and researchers should conduct r@arld comparative studies of acute
treatments for migraine that assess important outcomes including quality of life, work,
productivity and disability.

Regulators

(1) The patientpopulation which may be considered for treatment with lasmiditan, rimegepant
and ubrogepant is very largeRegulators have an important role to play in how new
therapeutics enter clinical practice and therefore should require papproval, longterm
comparative outcomes studies for new acute treatments for migraine that are initially
evaluated and approved in singidose randomized trials.
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1. Introduction

1.1Background

Migraine is a common, typicalgpisodiccause of disabling headache often associated with nausea
and sensitivity to ght and sound Approximately 40 million adults (125%) in the United States
(US) have reported migraine or severe heada@iehe hallmark of migraine is recurrent attacks
characterized by headache thataien but not alwaysne-sided and described as pulsatile or
throbbing. In addition to headache, other symptoms may start right before or occur with the
headache including nausea with or without vomiting, and sensitivity to external stimuli such as
light, sound, and smellsThe frequency of attacks and the intensity of symptoms vary widely, but
when frequent and severe, migraine can be a disabling, chronic condition that can impact all
aspects of life including personal relationships and ability to WwdPatientswith migraine have
increased use of health care resources including visits to health care providers and emergency
departments*® Overall cost of health care for those with migraine are estimated to be5811
billion dollars in the U%? Direct health care costs as well as indirect costs associated with
decreased productivityyork loss and disability claims are higher for those with migréfremd
migraine is one of thenost common causes of disability wawrlide >°

Diagnosis of migraine is based upon patiggpiorted symptoms, history, and physical exaation
findings; there is no test available that confirms the diagn¥siBhis may partly explain why many
individuals with migraine may be incorrectly diagnoe#. Clinical criteria broadly include the
frequency and nature of the headache and the presence or absence of Aura.refergo a

gradual onset of sensory or motor symptoms either before the onset of headache or as part of the
headache.Though some patients do not have aura, thest common are visual symptoms such as
seeing bright lines, shapes, or objettsHeadache features associated with a diagnosis of migrain
include location on one side of the head, pulsating quality, moderate or severe pain intensity, and
known triggers.Migraineis more common in women than meti,and in those aged 18 to 44

years?® A genetic predisposition to migraines is thought to account for their tendency to run in
families. The precise cause of migraines is not known, but hypersensitivity of the brain to external
stimuli and internal factors lead to activation of the trigeminovascular system of nerves that result
in blood vessel and pain responsésPredisposing factors associated with migraine attacks include
emotional stress, menstruation, visual stimuli, changeseather, and certain foods and

activities!4

Treatment of migraine broadly focuses two strategies: preventive therapy to reduce the

frequency of attacks or acute therapy meantgoickly abort episodisymptoms which isusually

more effective the sooner it is givéf.Acute treatments are referred to by a number of other
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that precedesthe onset of the headache. The choice of therapy is based upon symptom frequency,
severity, and the presence of nausea and vomiting. For individuals with mild symptordgméirst
over-the-counter nonspecific pain mechtions include aspirin, nonsteroidal airtflammatory

drugs (NSAIDs) such as ibuprofen and naproxen, and acetaminophere are alscombination

preparations with caffeingbut caffeine withdrawal headaches can occur with frequent uS¢her

strateges such as lying down in a quiet and dark room are also helpful, and a nap or sleep

sometimes leado relief.

For individuals with moderate or severe symptoms or lack of response to nonspecific pain
medications, the use of specific migraine medicatiome¢é®@mmended. The most commonly used
migrainespecific medication class targghe 5-hydroxytryptamine(5-HT)or serotoninreceptor.
Seven HTM O K MR | 32 y A Aailed)S Podd add(DN@ AdinihisfratiériA) approvetbr
acute treatment of migraine attacks. Triptans are available as pills, nasal sprays fanthjection
under the skin, with noworal routes of administration typically for those with severe headache
accompanied by nausea and/or vomiting. Though effective and safe for many patients with
migraine, triptans are labeled as contraindicated inigats with known cardiovascular disease
because of their vasoconstrictive effects, but observational studies have not identified major
cardiovascular risk as used in clinical practic8imilarly, despite a reported possibility of serotonin
syndrome in patients who combine triptans with selective serotonin and serotoniapinephrine
reuptake inhibitors the actual risk appears to be extremely 16%2

Ergotamine preparationalso represent migraingpecific treatment, but side effects and limited
efficacy have resulted in thebeing much less commonly used since the introduction of triptans.
Non-specific pain medications, such as barbiturates and opib@ee similar limitationsis well as

the potential for tolerance and misuse, and have led to their being reserved for patien
unresponsive to other therapies. For patients with associated nausea and vomiting, antiemetics are
used but generally in addition to other medicatiorfsor most individuals with migraine, treatment
focuses on episodic interventiorHowever for the one-quarter toone-third of patients with severe

and frequent attacks, medications to preventgraineattacksare recommended? Thisis

important because medication overuse headache can result from frequent administration of acute
medications for migraine attack, especially with nonspecifia paedications such as opioids,
barbiturates, and combination agents. However, the prevalence of medication overuse headaches
varies widely based upon differences in definitions and the population ass&&ded.
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Interventions: Calcitonin geneaelated peptide (CGRP) antagonists (rimegepant,
ubrogepant) ands-hydroxytryptamine (5HT)1f agonist (lasmiditan)

Many individualglo notadequatelyrespond to multiple different medicatiorfer acute treatment,
demonstratinga need for nev therapeutic options.For example, studies of triptans often

demonstrate response rates of 4B%?° and decreased response over time can also be seen in

some individuald® One new target for therapy is calcitonin gereated peptide (CGRP). Interest

in agents that target CGRP is based upon it being expressed in trigeminal ganglia nerves involved in

the vasodilatory component of neurogenic inflammation, and adstration of CGRPan trigger

acute headache and delayed migraililee attacks!”8 Injectable monoclonal antibodies targat

the CGRP receptor recently began being used for migraine prophgagithere aretwo neworal

CGRPeceptor antagonistdor acute treatment of migraine attackabrogepant(Ubrelvyt %

Allergan), approved on December 23, 2019 by the BDd rimegepant, under review by the FDA.

PS5 ¢KAA yYSo Oflada 2F YSRAOFNGA2Yy&A KlFa 0SSy NBTSNN
for migrane is lasmiditan (ReyvowX [ aAséldct¥a@)HT 1f agonist (alseferredi 2 ' a | G RA G
that was approved on October 11, 2019 by the FDAlike triptans that cause vasoconstrictive

effects on cranial and coronary blood vessels via H€I5Lb reeptor, the gepants and lasmiditan

have not been shown to caus@soconstriction butnaintain activity for acute treatment of

migrainel6202t

1.2 Scope of the Assessment

This reviewevaluates the comparative clinical effectiveness and economic impactasshiditan,
rimegepant, and ubrogepant for acute treatment of migrairtevidence wasollected from
available randomized controlled trials, noandomized clinical trials, comparative observational
studies, as well as higjuality systematic reviews. We limited our review to those studies that
captured the outcomes of interest. We inckdlall andomized controlled trials (RCTs) and sought
evidence ordasmiditan, rimegepant, and ubrogepaindm nonrandomized controlled trials and
observational studiesWe supplemented our review of published studies with data from
conference proceedingsegulatory documents, information submitted by manufacturers, and
other grey literature when the evidence met ICER standards (for more informagenijtps://icer-
review.org/methodology/icergnethods/icervalueassessmenframework2/grey-literature-
policy/). We sought heado-head studies ofasmiditan, rimegepant, and ubrogepaand
comparators to evaluate the feasibility of atwork metaanalyses of selected outcomes

Analytic Framework

The general analytic framework for assessment of acute therapies for migraine is depicted in Figure
1.1.
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Figure 1.1. Analytic Framework: Acute Therapies for Migraine

Interventions: Lasmiditan,
Rimegepant & Ubrogepant

Primary comparator (s)

+ Population 1: No additional \
migraine specific medication

(placebo arm of trial) Intermediate Outcomes: Y

+ Population 2: Triptans

* Headache relief at 2 hours, 24 hours

. ) . and 48 hours Key Measures of Clinical Benefit:
P°P“"’t'°_": ?atlents with acute * Pain freedom at 2 hours, 24 hours and
migraine attacks. 48 hours * Disability
Two Populations: 7 * Freedom of most bothersome * Health-related quality of life
. N , symptom at 2 hours * Employment-related outcomes
1.Patients with attacks that don’t . " .
adequately respond to non- * Relief from other migraine symptoms « Patient global impression of change
(e.g., nausea) at 2 hours = Other patient-reported outcomes

prescription medications &
triptans (or cannot use triptans) * Use of rescue medication

2 Patients with attacks that don’t
adequately respond tonon-
prescription medications (and are
eligible to use triptans)

/

The diagram beginsith the population of interest on the leftActions, such as treatment, are depicted with solid
arrows which link the population to outcome&or example, a treatment may be associated with specific clinical

or health outcomes.Outcomes are listed irhe shaded boxes: those within the rounded boxes are intermediate
outcomes (e.g., change in blood pressure), and those within the sqiadfédxes are key measures of clinical
benefit (e.g., healtkrelated quality of life).The key measures of clinicalredit are linked to intermediate

outcomes via a dashed line, as the relationship between these two types of outcomes may not always be
validated. Curved arrows lead to the adverse events of an action (typically treatment), which are listed within the
blue ellipsis®®

Populatiors

The population of focus for this review was adults ages 18 years and older with a diagnosis of
migraine, with or without aura as specified by the ICHD diagnosticierit&/e evaluated two
populations of patients with migraine:

1. Patients who have migraine attacks that have not adequately responded to non
prescription medicineand for whom triptans have not been effective, are not tolerated, or
are contraindicated.

2. Paients who have migraine attacks that have not adequately responded te non
prescription medicinegand are eligible to use triptafs

For both populations, we also sought evidence on subgroups of interest, sughpagients
considered to have chronic migraine (>15 headache days per month); b) patients currently receiving
preventive migraine medication.
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Interventions
The following new therapiesere evaluated:

1 Lasmiditan
1 Rimegepant
1 Ubrogepant

Comparators

ForPopulation 1, we compare lasmiditan, rimegepant, and ubrogepant to each other and to no
additional migrainespecificacute treatment For the purpose of this review, no additional
migrainespecificacute treatmentwasestimated by the placebo arms of thenital trials, although
we recognizd that in the realworld patients may use failed owine-counter analgesics including
analgesics marketed as effective fmute treatment of migraine

ForPopulation2, we compared lasmiditan, rimegepant, and ubrogepareach other and to two
triptans: sumatriptan and eletriptanSumatriptan was chosen because it is one of the most widely
used triptarsin clinical practiceand eletriptan, a newer triptaniwasshown in a recent network
meta-analysis to be one of theost efficacious and well tolerated?? Since these new agents

under review are all orally available, we focused our comparison of triptans on the oral
formulations.

Outcomes
We looked for evidence on the following outcomes of interest.
EfficacyOutcomes

Headache reliefit two hours

Sugained headache relief (at 24 hours and 48 hours)
Painfreedom at two hours

Sustained pain freedom (at 24 and 48 hours)

Freedom from most bothersome symptoflBS) at two hours
Relief from other migraiasymptoms (e.g., photophobia, phonophobia, nauseaniting)
at two hours

Headache relief and pain freedom at 24 and 48 hours
Patient global impression of change

Use of rescue medication

Disability

Healthrelated quality of life

=A =4 =4 4 4

= =4 =4 -4 =2
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1 Other patientreported outcomes (e.g., depression, anxiety, difficulties in interpersonal
relationships)
1 Employmentrelated outcomes (e.g., unemployment, work productivity loss, absenteeism)

SafetyOutcomes

9 Serious adverse events
1 Adverse events leading to discontinuation
1 Treatmentemergent adverse even(g.g.)
o Dizziness
o0 Nausea
o Paresthesia
0 Somnolence
1 Medication overuse headache

Timing

Evidence on intervention effectiveness and safes derivedrom studies ofany duration, as long
as they net the study design criteria set forth above an@asure the outomes of interest

Settings

All relevant settingsvere considered, with a focus on outpatient settings in the United States

1.3 Definitions

ClinicalOutcomeMeasures

Outcomes of clinical trials of acute treatment of migraine commonly include rel@froptoms
including pain, nausea/vomiting, photophobia and phonopholitain freedonis defined as a
reduction in severity of headache from mild, moderate or severe pain at baseline to none at a given
follow-up time point Freedom from most bothersome sytoms (MBSjefers to total absence of
nausea/vomiting, photophoniar phonophobia at a given followp time point. Pain reliefis

defined as having mild to no pain at a given foHawtime point. The primary efficacy time point

for phase 3 trials of Emiditan, rimegepant and ubrogepant was at 2 hours after the first dose of
the study drug.Sustained symptom responsdter 2-hours refers to those with an initial response
that is sustained at subsequent follewp time points without the use of repeat dimg or rescue
medications.Censored outcomes after 2 hours that exclude those with repeat dosing or rescue
medications are meant to maintain initial randomization to study druglacebo butare less
usefulwhen estimatingoutcomesfor anentire population at varying time pointsAs a result,
uncensored outcomes after 2 hours were examined with the recognition that such outcomes may
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include the benefit of rescue medications or simply the passage of timally, even uncensored
outcomesover time using KaplaMeier methods do not account fahanges irsymptoms afteithe
initial outcome response.

t I GASYyGaQ Dft2otf LYLINBaaiazy 2F [/ KFy3aS o6t DL/ O
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O viery muchworseé 0 7 didry much bettes).

Migraine Disability Assessment Test (MIDAS)

The Migraine Disability Assessment (MIDAS) is a briefpy, selfadministered questionnaire
designed to quantify headachelated disability’” Respondentsnswer five questiosabout

activity limitations in the past 3 months due to migraine including (1) missed work or school days,
(2) missed household chores days, (3) missedwork activity days, and days at work or school (4)
plus days of household chores (5) where produtgtiwas reduced by half or morélwo additional
guestions about the number of headaches and average pain level associated with headaches over
the past 3 months are not used in deriving the MIDAS scorehleytare for use by the

NB & L2 Yy RSy (iTREéIMITAS Acyré i©thel syhmof the number of days reported for each of the
five questions.Respondents with a MIDAS score €5 @re rated as having little or no disability, 6

10 as having mild disability, D as having moderate disability, and 21 orajee as having severe
disability.

1.4Insights Gained from Discussions with Patients and Patient Groups

In developing and executing this report, we received valuable input from individual patients and
patient advocacy groups throughout the scoping and ena® development process. We received
public comments on our draft scoping document from the following patient advocacy organizations:
the Coalitionfor HeadacheAnd Migraine Patients (CHAMP), the Headache & Migraine Policy Forum,
and the Institute for Pi@ent Access. We also conducted scoping calls thighAlliance for Patient
Access, American Headache Foundation, American Migraine Foundation, CHAMP, Golden Graine
Blog, Headache & Migraine Policy Forum, Miles for Migraine, and the National Headache
Fourdation.Below we summarize the key insights derived from this input.

Patients with migraine describe different personal stories, but they identified common themes that
emphasize migraine asiapisodic anahronic disease that can profoundly affect all ests of

their lives and the lives of those close to them. Though some have derived benefit from existing
therapies, not all respond and response to individual attacks can be variabteothers, side

effects have led them to have to stop therapyatients also reportecurrence oheadaches as
medications wear off during the acute episodenoedication overuse headach&sm frequent
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dosing for acute attacks. The net result is that for many patients with moderate or severe migraine
headaches there ismsingle or combined therapy thaffersthem control of their acute attacks.

Patients and patient advocacy groups highlighted the deficiencies with currently available acute
treatments for migraine. Despite a wide range of medications, bothprescription and

prescription, used alone or in combination, many patients are not @bieliablyprevent orabort
migraine attackseither because therapies do not work, lose efficacy or have intolerable side
effects. The result is that currently available therapies do not provide symptom relief from migraine
attacks with minimal side &fctsfor manyindividuabk. Patients and advocacy groups noted that
triptans represented a major advance in acute therapy for migraines when introduced over 20 years
ago. However, many individuals cannot use triptans either because they do not work, have
intolerable side effects such as flushing, numbness or chest pain, or have contraindications to their
use such as existing cardiovascular dise@sxause of limitations with triptans, patient often turn

to other medications such as ammetics, barbitwates and opioids, but these also have limited
benefit, acute side effects and important risks associated with-teng use.

A patient withepisodicmigraine describes her experienadth available therapieg herpublic
comments on tie ICERIraft eviderce report:d eagerly tried sumatriptan when it first hit the

market in the 90s.| had a severe adverse reaction to it including severe tachycardia, shortness of
breath, and my headache got much, much wor€eer the years | have tried various triptans again
as new ones have hit the market or because my doctor wanted to rule them out ddzane

always had the same reaction to the medicatioB¥dE has not helped in years eithérused to

work if | treakd an attack when it was starting, but it no longer helpsd | often wake with a
migraine attack already in progress anyw#ar acute treatmentL Q@S G NA SR 2LA I (Sa
well. Nothing helps and they actually seem to make things woFs®.now | do nothing to treat

my attacks and it is no way to liv&ome days | feel frantic for relief from the pain and other
symptoms, but there is nowhere to turi.am trapped with this.| desperately need access to new
types of acute treatment® €

The pofound impact of migraine on the lives of patients with moderate and severe migraine was
also emphasizedMigraine often develops in individuals during adolescence and young adulthood.
Frequent, severe attacks can have a dramatic impact on quality didifenay not be fully
appreciated by the general public and even health professior&tiskeholders indicated that
migraine attacks, especially when severe, recurrent and poorly controlled can be dis&btiag.
patient commentedr Twi years after beindiagnosed with chronic, intractable migraine, | had to
stop working in a career that | truly loved and for a company that was incredibly supportive of my
illness. | also was in my second year of grad school at Georgetown UniveFrsigymigraine thief

took all of that away fromm@dé & Y Sy G A2y SR A ywherknigiaielaltackio&yf i Qa & {

during formative educational years, it can prevent individuals from reaching their full academic
potential. Patients also highlighted that the unpredictability of migraine attacks can result in
anxiety from not knowing when the next attack will centhus affecting individuals even when
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they do not have migraine symptom3he net effect is that migraine is an episodic and chronic
condition that affects patients throughout their lives, disrupting personal relationships with friends
and family, andheir ability to work. The toll on patients with migraine also includes important
economic consequences. For many individuals with migrait&ck severitydisrupts daily life,

often unpredictably.If the migraine attack is not aborted quickly and withenedication related

side effects, ability to work or work productively is profoundly affect&tie combination of

frequent, severe and unpredictable migraine attacks impacts ability to work, increases the risk of
disability, and can have a loitgrm negative economic impact on the patient and her/his family.
Patients and patient advocates recognize the critical importance of acute treatments for migraine
that work quickly and without side effects on the ability to continue to work on the day of a
migrane attack. Whether patients cannot work at all, work intermittently or garte, or were less
productive at work because of symptoms of migraine or side effects of therapies, the net result can
be longterm un/underemployment with major socioeconomic ts.

Patients and advocates emphasized that because many patients do not find triptans eftective
have side effects or contraindications to their use, doctors engregcribingbarbiturates and
opioids. Though recognized as having limited effectivesieacute side effects, the potential for
causingmedication overuséeadaches, and a misuse potential, desperate patients frequently end
up being prescribed these medicatioffier a small percentage of patients with difficult to treat
migraine, barbiturag¢s and opioidsnaybe appropriate) The importance of new therapeutic

classes, especially ones without side effects or limitations taagseen with triptansis important

for managing patients with migraine attacksd mayalsohavea broadermpotential impact on the
opioid crisis in the US.

Finally, patient advocacy organizations also raised systematic issues that they felt needed to be
addressed. They highlighted that common outcome measures required by the FDA to obtain
approval for new drug may not adequately capture the impact of migraine on things that afffect
overall quality of life of migrainpatientsincluding relationshipswork, and family issueg:-or
example outcomesof single dosefficacystudiesare notdesignedo assess Wwether rew
therapiescandecrease the frequency of migraine attacks over ton@reventmedication overuse
headaches.They felt this to be particularly important for patients with frequent and severe
migraine attacks who have not responded &oe intolgant of, or unable to take triptans.
Moreover, patients with migraine may have other illnessesh as anxietgnd depressiorthat are
impacted by frequent, unpredictable and severe migraine symptoms. Successful treatment of
migraine attacks may alse@lp with these other conditions.
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1.5. Potential CostSaving Measures iMigraine

ICER includes in its reports information on wasteful or levadue services in the same clinical area
that could be reduced or eliminated to create headroom in health care budgets for higihes
innovative services (for more information, segps://icer-review.org/finalvaft-20172019/). These
services are ones that would not be directly affectedhmrapies formigraine(e.g., reduction ireD
visits), as these services will be captured ie #rconomic model. Rather, we are seeking services
used in the current management ofigrainebeyond the potential offsets that arise from a new
intervention. During stakeholder engagement and public comment periods, ICER encouraged all
stakeholders to sggest services (including treatments and mechanisms of care) currently used for
patients withmigrainethat could be reduced, eliminated, or made more efficient

For this review, we received one such suggestion: Allergan and some patient groups noted that
opioids for acute treatment of migraines are discouraged by guidelines and yet remain overused.
Allergan suggested that opioids represent a-+eaue service that could reduced

©lnstitute for Clinical andeconomic Review, 2020 PagelO
Final Evidence Repercute Treatments for Migraine Return to Table of Contents



https://icer-review.org/final-vaf-2017-2019/

2. Summary of Coverage Policaasl Clinical
Guidelines

2.1 Coverage Pdalies

To understand the insurance landscape for acute treatraehtnigrainerelevant to this reviewwe
reviewed National and Local Coverage Determinations (NCDs and LCDs) from the Centers for
Medicare and Medicaid Services (CMS), and publicly available coverage policies from representative
national plans (Aetna and Cigna), national and regional prpayers (HealthPartners and Blue

Cross Blue Shield of Kansas City) and state Medicaid plans (MO Healthnet and IL Health and Family
Services) We surveyed the coverage policies for lasmiditan, rimegepant, ubrogepant, and oral
triptans (with special focus on sumatriptan and eletriptai)o coverage policiesior any NCDs or
LCDsfor lasmiditan and oral CGRP antagonists rimegepant and ubrogeegiatyet available at

the time of this report TheFDA recently approved lasmiditan on October 11, 2019 for acute
treatment of migraine.Approval is pending for rimegepant antdrogepant.

Onthe national level, generisumatriptan and eletriptaabletsare on the preferred drug lisds
stepl,tier 2 orhigh cost generic formulamyithout prior authorization however quantity limits
apply (between 9 and 12 tablets per montiBrand nameversions araypicallynon-preferredand
require prior authorizatia® or are gep 2.7°

2.2 Clinical Guidelines

American Headache Society (AHS)

The American Headache Society (AHS) 2015 guideline for acute treatment of migraine labeled
several medications as Level A (established as effective for acute migraines based on available
evidence): ahotriptan, eletriptan, fovatriptan, naratriptan, rizatriptan, sumatriptan (oral, nasal
spray, patch and subcutaneous), zolmitriptan (oral and nasal spray), acetaminophen, ergots,
NSAIDS, butorphanol nasal spray and acetaminophen/aspirin/caffeine and sumatriptan/naproxen
combinaton therapies’ The society acknowledged that there are many acute migra@sments

with strong evidence to support their efficacy, but that clinicians should also consider potential side
effects and adverse events when prescribing medications for acute migrauréher the society
indicated that opioids, such as butorphanobdeine and tramadol, though probably effective, are

not recommended for regular use.
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American Academy of Family Physicians (AAFP)

The American Academy of Family Physicians (AAFP) issued a 2012 guideline on the acute treatment
of migraines in the emegency setting? They concluded there is moderate evidenoestipport the

use of neuroleptics, NSAIDS and injectable sumatriptan for the ability to achievEgmstatus in

1-2 hours, moderate evidence to support neuroleptics and injectable sumatriptan for the ability to
provide headache relief at2 hours, andnoderate evidence to support the use of neuroleptics,
metoclopramide, opioids and injectable sumatriptan for the ability to reduce pain intensity.

American Academy of Neurology (AANZhoosing Wisely

In 2013 the American Academy of Neurology (AAN) and Choosing Wisely issued a joint statement
recommending that the usef opioids or butalbital for acute treatment of migraibe avoided

except as a last resort because other more effective treatments \eagadle and frequent use can
worsen headacheOpioids should be reserved only for those patients who fail other treatments or
cannot take migrainapecific treatmentg?

Canadian Headache Society (CHS)

A 2013 Canadian Headache Society (CHS) guideline gave twelve medications a strong
recommendation for use in acute migraine: almotriptan, eletriptaovatriptan, naratriptan,
rizatriptan, sumatriptan, zolmitriptan, aspirin, ibuprofen, naproxen sodium, diclofenac potassium
and acetaminophenFour received a weak recommendation: dihydroergotamine, ergotamine,
codeinecontaining combination analgesiaad tramadolcontaining combination analgesiés
Ergotamine, butorphanol, codeine, butalbital and tramadohtaining medications were not
recommended or were strongly recommeed against.The society acknowledged that several

trials of acute treatments might be required before finding the right approach for a specific patient
and that a rescue plan should be in place if acute treatment is insufficidrd.society recommends
triptans for the acute treatment of migraine attacks that are likely to become moderate or severe
and if a patient does not respond well to one triptan or tolerates it poorly, other triptans should be
tried (after 24 hours).If response to sumatriptan isadequate, the society suggests considering
adding an NSAID simultaneously with the triptan. Finally, patients with moderate to severe
migraine attacks should take triptans as early in the attack as possible.

Canadian Authority for Drugs and Technologim Health (CADTH)

In a 2012 systematic review of the safety of triptans, the Canadian Authority for Drugs and
Technologies in Health (CADTH) found no consistent differences in the occurrence of adverse
events (AEs) between triptans, although a dosspase relationship for oral sumatriptan was
observed”™ AEs for sumatriptan include dizziness, drowsiness, paresthesia, nausea and fatigue, but
are generally mild andeff-limiting. Overall incidence of withdrawal due to AEs for all doses of
sumatriptan was 1.6% compared to 0.68% for placebo.
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A 2007CADTHeview assessed the costfectiveness of triptans for acute treatment of migraines.
They found no evidence that ertriptan was more effective than another and concluded that more
researchisneecedto establish differences in benefits and harbetween triptans’® The cost
effectiveness studiemcluded in the reviewnostly onlyincludeddrug costs, making them difficult

to interpret froma broader system or societal perspective.

National Institute for Health and Care Excellence (NICE)

We reviewed clinical guidelines for migraine from the National Institute for Health and Care
Excellence (NICE), last updated in 201Bor acute treatment of migraine, NICE recommends oral
triptans in combination wh NSAIDs, aspirin or paracetamdlICE suggests starting with the lowest
cost triptan, followed by other triptans if treatment is ineffective. Furthermore, NICE recommends
an antiemetic drug in addition to acute treatment, even in the absence of nabseéaecommends
against noAmigraine specific pain medications such as ergots or opioids.

NICE currently has three reviews of injectable CGRP antagonists for preventing megexinenab
(publication TBR fremanezumal{April 15 2020) and galcanezumab (publication TBf)
Preliminaryrecommendations from NICE state that erenumab is not a recommendedirfiest
treatment for preventing migraine%" If a patient does not respond tceta-blockers,
antidepressantsandanti-epileptics another oral preventive drug @dotoxshould be offeredirst.
Erenumab is an option when at leatree treatments have failed to prevent migree.
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3. Comparative Clinical Effectiveness

3.1 Overview

To inform our review of the comparative clinical effectivenesasiniditan, rimegepant, and
ubrogepant for acute treatment of migrainave systematically identified and synthesized the
existing evidence from available clinical studi€sill PICOTS criteria were described in Section 1.2.
In brief, we comparethe efficacy, safety, and effectiveneslasmiditan, rimegepant, and
ubrogemntto each other.In addition, we compared all three interventions to additional
migrainespecificacute treatment (placebo) andiptans(sumatriptan and eletriptan)Our review
focused on clinical benefits, as well as potential hariWe sought eience on all outcomes listed

in Section 1.2 Methods and findings of our review of the clinical evidence are described in the
sections that follow.

3.2 Methods

Data Sources and Searches

Procedures for theystematic literature review assessing the evidencéasmiditan, rimegepant,
and ubrogepant for acute treatment of migraifi@lowed established best method®83 Thereview
wasconducted in accordance with the Prefed Reporting Items for Systematic Reviews and Meta
Analyses (PRISMA) guideliféShe PRISMA guidelines include a list of 27 clstdtdims, which
arelistedin Appendix Table Al

We searced MEDLINE, EMBASE, Cochrane Database of Systematic Reviews, and Cochrane Central
Register of Controlled Trials for relevant studies. Each seaslimnted to English language

studies of humarsubjects andxcludedarticles indexed as guidelines, letters, editorials, narrative
reviews, case reports, or news items. We inchlidbstracts from conference proceedings

identified from the systematic literature search. All search strateg@® genaated utilizing the
Population, Intervention, and Study Design elements desciib&ection 1.2

We identified a recent systematic review and network matelysis of triptans which followed a
similar scope to the one planned for this review, with ktemre searchend dateof 20162? RCTs of
sumatriptan and eletriptan that met our criteria from the systematic review wdemtified. In
addition, we searched for new evidenoa sumatriptan and eletriptan that has emerged since 2016
by conducting an updated systematic literature searelowever, we conduetd a de novo search

for lasmiditan rimegepant and Wbrogepant. The search strategies includla combination of
indexingterms (MeSH terms in MEDLINE and EMTREE terms in EMBASE), as wa#xdddress,
and are presented iAppendixTables & ¢ A5. The date of the most recent searchAsgust21,

2019.
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To supplement the database searches, we peridmanual chec&of the reference lists of

included trials andecent systematic reviews of the intervention and individual comparadois

invited key stakeholders to share references germane to the scope of this prajéetalso
supplemened our review of published studies with data from conference proceedings, regulatory
documents, information submitted by manufacturers, and other grey literature when the evidence
meets ICER standards (for more information, lsiéps://icer-review.org/methodology/icers
methods/icervalueassessmenframework2/grey-literature-policy/).

Study Selection

After removal of duplicate citationseferences went through two levels of screening at both the
abstract and fultext levels. Three reviewensdependently screeed the titles and abstracts of all
publications identified using DistillerSR (Evidence Partners, Ottawa, Canadh3ameenents
were resolval through consensus

Sudies that dd not meet the PICOTS criteria defined abowere excluded No studywasexcluded
at abstract level screening due to insufficient informatiditations accepted during abstraletvel
screeningvere reviewed as full textReasons for exclusion were categorized according to the
PICOTS elements

Data Extraction and Quality Assessment

Two reviewers extractedada from the full set of included studigsto an excel spreadsheet.
Extracted data werendependently verified by another researchddata elements included a
description of patient populations, sample size, duration of follgqey study design features (e.g.,
RCT oopen label), interventions (drug, dosage), outcome assests (e.g., timingnd
definitions), results, and quality assessment for each stMig. used criteria employed by théS
Preventive Services Task FofdSPSTRhat included presence of comparable groups, xion
differential loss to followup, use of bliding, clear definition of interventions and outcomes, and
appropriate handling of missing dato assess the quality of clinical trials and classify into

OF 1S32NA Sa 432 2°REoEmore hformadti@indn dathl &xthatidranddliy
assessment, refer tBppendixD.

Assessment of Level of Certainty in Evidence

We used thd CER Evidence Rating Matoevaluate thelevel of certainty in thevailableevidence
of anet health benefit amongach ofthe interventions offocus(seeAppendix D¥®
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Assessrant of Bias

As part of our quality assessment, we evaluated the evidence base for the presence of potential
publication bias. Given the emerging nature of the evidence base for newer treatments, we
LISNF2NXYSR |y |aasSaaySyd [2yF ZLIdaoNAIYE ASALA VY (66AZ & YR N
using theClinicalTrials.godatabase of trials. We scanned the site to identify studies completed

more than two years ago that would have met our inclusion criteria angvfoch no findings have

been published. Any such studies may indicate whether there is bias in the published literature.

For this review, we did not find evidence of any study completed more than two years ago that has

not subsequently been published.

Data Synthesis and Statistical Analyses

Data on outcome results wegstractedin evidence tablessée AppendiXablesD1-D14) and
synthesized quantitatively and qualitatively in the body of the review. Data from OLEs and studies
were described narrativglonly and not included in the quantitative syntheses. Using the available
trial data, we conducted network metanalyses (NMAs) for each outcome of interest when data
existedon all the interventions of interest from at least three trialsat were suffciently similar in
population, interventions, outcomdefinition, time point,and other characteristicsBased in part

on availability of data from sufficiently similaials, we conducted NMAs on the following
outcomes:pain freedompain relief,freedom from the most bothersome symptorisahlity,

adverse events, antleatment-emergent adverse events-orthe NMA,we used the 2and 24

hour timepoints as available in each of the studies that reported on these outcobhas to
incorsistent orlimited reporting of data across studigiseedom from other migraine symptoms,

use ofrescuemedication andpatient global impression of changee describeanly in anarrative
fashion.

All NMAs were conducted in a Bayesian framework vatidom effects on the treatment
parametersusing thegemtcpackage in R The outcomes were dfiinaryandwere analysed using
a binomial likelihood and logijink 28 We conducted network metaegressiorto adjust for
differences irplacebogroup response rate in the NMAGoodness of fibf the analyseswith and
without adjustment for differences in placebo arm respomgre assessecandwe presentthe
resultsof the adjustedNMA modelhereit provided a better fit of the data Tabular results below
were presented for the treatment effects (odds ratio [OR]) of each intervention versus placebo
along with 95% credible intervals (95% CTlhe expected proportion of patients experiencing the
outcome were also presented when anchayito the average placebo effect observed across the
trials. Additional details regarding thenalyss methods, network diagramas well ashe results of
unadjusted NMAsre provided imAppendixD.
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3.3 Results

Study Selection

Our literature search iddified a total of323potentially relevant referencesée Appendix A Figure
Al). We included40references, of whicl37 referencesnere on comparative clinical trials and

three were open label extensiostudies (OLEsS)These references consisted 3 publications and

nine conference abstracts. Primary reasons for study exclusion included use of interventions or
comparators outside of our scope (e.g., subcutaneous sumatriptan), wrong study population (e.g.,
pediatricpopulation), and conference abstracts with duplicate data as thedutl publications.In
addition, because the trials of lasmiditan, rimegepant and ubrogepant included patients with
moderate to severe acute migraine, we excluded studies of triptansetbauated only mild cases

of acute migraine.

The37 references of comparative trials correspond3®trials, of whichlOtrials (15 references)
assessed lasmiditan or the CGRP antagqraats23 trials 22 references) assessed one or more of
the compaators of interest. We identified only one heatb-head trial of one of the interventions
versus a comparator of interest (rimegepant vs sumatriptan). Below, we describe the trials and
efficacy results, followed by a discussion of the tolerability arminisa

Quality of Individual Studies

We highlightedthe information on thequality ofall trials (published and unpublishgdising criteria
from the USPreventive Services Task Force (USRS RAppendix Tabl®4. Thetrials of lasmiditan,
rimegepant and utbgepanthad comparable arms at baseline, did not have differential attrition,
were patient and physician/investigator blinded, had clear definitions of intervention and
outcomes, and used an intetd-treat analysis or a modified versiois such, we rated all three
lasmiditan trials, the three published rimegepant trials, afidthreeubrogepant triato be of good
guality. We did not assign an overall quality rating to the unpublished rimegepan{$tiatly 30]
obtained from greyiterature sources (i.e. conference proceedings).

The triptan trials had ratings of goodJ(trials) or fair 4 trials). Reasons for lower ratings include a
lack ofclearreporting an the comparability of the arms at baselioe the use of pefprotocol asthe
primary method of analysisDetailed information on the ratings can be foundAppendix Tables
D4.
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Overview of Studies

Lasmiditan, Rimegepant and Ubrogepant versus Additional Migraine-SoecificAcute
Treatment (Placebacontrolled studie$

Weidentified three RCTs of lasmiditan (1 Phase Il and 2 Pha&&3fjur RCTs afimegepant (1
Phase Il and 3 Phase,}° and three RCTs of ubrogepant (1 Phase lI2zaRbdase [1F3132 versus
placebo. Currently, oneof the Phase 11l triglof rimegepantis unpublished and data for thstudy
wasobtained from conference abstrast

All the identified studies were large multicenter studies, conducted predominantheitynited
States, andvere all focused on the treatment afsinglemigrane attack. The trials enrolled
patients who had at least one-yearhistory of migrainewith or without auraasspecified by the
International Classification of Headache Disorders (ICHD) diagnostic cwteoi@xperiencd two

to eightmigraine attack®f moderate to severe intensity p@nonth, with age ofonset before50
years Ratientswho met the eligibility criteriavere randomized tanterventionor placebogroup
and were asked to trea single migraine attack of moderate or severe intensityrin a maximum
of four hours of onsetPatients and investigators were blinded to treatment assignmétients
used an electronic diary teecord theirbaseline migraine severity, other migratassociated
symptoms (e.g., photophobia, nausea, phonophyleadresponseat different time intervalsafter
taking the study drugvera48-hour period. The trials reported resultsased on modified
intention to treat populations, eliminating patients who did not experience a moderate to severe
migraine event during the study period, 8te number of participantencluded in the effect
estimates forthe outcomes in eaclrial were dten less than the number of patients randomized.

All trials provided for the use of additional, rescue treatment for patients not responding to the
initial study drugat two hoursor having recurrent symptoms after initial benefliowever there
were important differences in the rescue treatments permitted and their timing and combinations
(Table 3.11) The lasmiditan and ubrogepant trigitermitted the use of a optionalsecond dose
(randomized in thdasmiditantrials andopen label in theubrogepant trials) In terms of rescue
medications allowedthe ubrogepant trials permitted patients to take thaisual acute care
treatment (including triptans and ergots), while the lasmiditan aintegepant trials only allowed
the use of non-specific migraine medication suchdSAIDSThe use of other medicatiorvgas
permitted betweentwo and 24 loursafter initial dosingin the lasmiditan trialsand betweentwo
and48 hours after initial dosing the ubrogepant andimegepant trialsif needed

AppendixTablesD1and D2 contairs the key study design and baseline characteristicsagchRCT.

A summary is presented ifable3.1. Over 80% of the patientsere female and the average age
was approximately 40 years inaatrial. Patients had been living with migraine for approximately
20 yearshad an average of three to five migraine attacks per moatid about20% to 256 of
patients in the trials were on preventive migraine medicati@haracteristics ahe treated
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migraineattackwere generally similar across trials, with a distribution of approximately 30% and
70% for severe and moderate headache pain intensity,@etsyely. Photophobia was the most
commonother symptom reported (75% to 90% of patients) amasreported as themost
bothersome symptonioy 50% to 60% of patientsApproximately 40% to 65% of patients reported
nausea, and 55% to 75% of patients reponpédnophobia.

All trials excluded patients who had more than 15 days of headache per eomdipatients who
had clinically significant, unstable or recently diagnosed cardiovascular digegseoronary
artery disease, uncontrolled hypertensiomere excluded. Patients who initiated or changed
preventativemedication within 3 monthsvere excluded from the lasmiditan trials.

The primary efficacy endpoint all trials wasfreedom from pain at two hourafter treatment,

before the use of any rescue medtion. Pain intensity was measured on a feaoint Likert scale
(O=none, 1=mild, 2=moderate. 3=sever®jost trials assessed freedom from the most bothersome
symptom associated with migraine (MBS) (i.e. phonophobia, photophobia or nausea) at two hours
as a ceprimary endpoint. MBS was measured using a binary scale (O=absent, 1=pre3é&et)nain
secondary effiacy endpoints assessed in the trials incldid) those assessed at two hours:
headache pain religfdefined as reduction in pain severity from moderatesevere to mild or

none), photophobia, phonophobia, nausea, ability to function normally, 2) thosessed at 24 and
48 hours: sustained freedom from pain, sustained freedom from MBS, and sustained pain relief.
Sustained response was in those with a response at 2 lawosdid not experienceubsequent
recurrence or usefoescue medications.

Lasmiditan Rimegepant and Ubrogepant versus TriptarguMmatriptanand Eletriptan)

We identified oneplacebacontrolledPhase Itrial of rimegepant thaincludedsumatriptan as an
activecontrolarm .?° However, the triablid not report any statistical comparison between
rimegepant and sumatriptanWe did not identify any trislcomparing lasmiditan or ubrogepant to
a triptan. As such, our assessment of these interventions vergutsns Gumatriptan and
eletriptan) is informed by indirect comparisaii.e. network metaanalysis) In all we included33
trials 23 triptanRCTs&ind 10 RAs of the interventions including th@hase Il trial of rimegepant
with an active sumatriptan arjrto inform the indirect compason. The23 triptan RCT$*%* had
comparable baseline characteristics to the other trials of the interventions described ald\tbae
23 triptan studies, 8 were placebecontrolled trials of sumatriptanhreewere placebecontrolled
trials of eletriptan and two were heatb-head trials of sumatriptan and eletriptan with placebo
arms.

As with the lasmiditan anthe CGRPeceptorantagonist trialsthe majority of the included triptan
studies were large multicenter studies, conducted in a variety of countries around the world and
were focused on the treatment @ singlemigraine attack.However, we included one trial that
evaluated multiplanigraine atacks (Pfaffenrath 1998 because it presented data on the first
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migraine attackseparately?®> Patients and investigators were blinded to treatment assignment, and
most of the trialgpermitted the use of rescue medicatidretween 2 and 24 dursafter initial

dosing, if neededThe studies included patients who met th@HD diagnostic criterend had
inclusionand exclusiorriteria sufficientlycomparabe to the trials of lasmiditan and CGRP
antagonist. The majority of studies included patients wita history of one to sixnigraine attack®f
moderate to severe intensity penonth. Most trials excluded patients wittardiovasculadisease
(e.g.,cardiac ischemia, atherosclerosigrdiac arrhythmia ouncontrolledhypertension).

Similar to the lasmiditan and CGRP antagonist tiilaésmajority of patientswere female, the

average age was approximately 40 years in each trial, and patients had been living with migraine for
approximately 20 yearsPatients in the eletgtan studies had an average of three to eight migraine
attacks per month. Patients in the sumatriptan studies reported a range of one to eight attacks per
month. Where reported, the distribution of treated migraine ranged from approximately 30% to

70% fa severe headache pain intensithppendixTablesD1andD2containthe baseline

characteristics of all the included triptan studies.summary is presented rable3.1

21 triptan trials evaluated pain relief at two hours post doSixteentriptan trials reported

freedom from pain at two hours post dose. None of the trials assessed freedom from the most
bothersome symptom as an outcom@ther secondarputcomesevaluded in the triptan studies
include sustained freedom from pain at 24 houdr{als) and sustained pain relief at 24 hout$ (
trials).
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Table3.1: Overview of the Randomized Controlled Trials

Characteristics oAttacks
Dr Trial N 2 - 2
U9 &S PainIntensity BaselineSymptoms

Severe: 3@ 40%

3 trials: About 4% mild Nausea: 4065%
Lasmiditanvs. Placebo Sl 4,291 attacks_ sl e Phonophobia: 6665%
SPARTAN remainingwere Photophobia: 7580%
Farkkila 2012 moderate pain intensity P ' 0
attacks.
oINS Severe & Moderate:
Rimegepantvs. Placebo Study 301 100% (distribution n-ot Nausea: 60%
gep : Study 302 3, 869 re or?[ed) No mild Phonophobia: 70%
Study 303 intF:ansit z;lttacks Photophobia: 86 90%
Marcus 2014* y ’
. Severe: 3@ 40%
3 trials . )
ACHIEVE | The remainingvere Nausea: 55%
Ubrogepantvs. Placebo 3,105 moderate pain intensity Phonophobia: 75%
ACHIEVE Il : = ano
Voss 2016 attacks. No mild Photophobia: 90%

intensity attacks.
In11trials

Severe: 3@ 70%

Two trials included 5%
to 10% mild intensity
attacks. The remaining
were moderate pain
intensity attacks

Nausea: 5@ 70%
Phonophobia: 7&/5%
Photophobia: 8690%

Sumatriptan vsPlacebo kRGeS 8,489

In 7 trials,
Severe & moderate:
100% (distribution not

reported).
Severe: 50%
: 3 trials The remainingvere Nausea: 5@ 65%
Eletriptan vs.Placebo 1,085 moderate pain intensity Phonophobia: 70%
attacks. No mild Photophobia: 7880%
intensity attacls.
Severe: 4815%
Eletriptan vs. _ The remainin_gv_ere _ Nausea: 5€B_5%
Sumatriptan 2 trials® 2,479 moderate pain intensity Phonophopla: 65%
attacks. No mild Photophobia: 75%

intensity attacks.
N: total number of participants, NMA: network meganalysis, vs versus
*Marcus 2014 includes an active compsor arm (sumatriptan)

ULy Ot dzRS& I LI I 0862 O2YLI NI G2N I NY
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LongTerm Sudies of Lasmiditan, Rimegepant and Ubrogepant

We identified threeongoingl2-month open label extension studi€®LEspf repeated use of acute
medication for migraine over the study periooine on each intervention of interestn the
lasmiditan OLEtudy (GLADIATOR)terested patients who had completed either of the tsmgle
attackPhase IIRCTsvith lasmiditan wee randomized to receive either 1009 lasmiditan or 200
mg lasmiditart® Similar to the RCTs, patiergsrolled in GLADIATQ#re asked to treat moderate
or severe attackand were allowed to use a second dose of the medicagifter two hours.The
rimegepant long term OLE study (Lipton 2019) evaluated the usecaf dailyrimegepanttakenas
needed (PRN) versus scheduled dosing (every other day) plus as need@drute ubrogepant
OLHAIlani 2019) patients who had completed thevo Phase IIRCT®f ubrogepantwere re-
randomized to receive usual care or one of two doses of ubrogepant (50 mg or 180 Rag)ents
were instructed to treat up to eight attacks of any severity every four weeks and could use a second
dose of the medication for neresponse or recurrenceThetrials primarily assessed the lorigrm
safety and tolerability of the interventiondn addition, efficacy outcomes related to potential
preventive effects of these medications (e.g., reduction in migraine days per month) were also
reported in these trials.

Cinical Benefits

As described in Section 1.2 of this report, we sought evidence on the following intermediate
outcomes: pain freedom, freedom from most bothersome symptom (i.e. phonophobia,
photophobia, and nausea), headache relief, and use of rescue medic&tleriounddatato on all
the intermediate outcomesor the three interventions of interestWe also sought evidence on the
key measures of clinical benefit including disability, heedlated quality of life, employment
related outcomes, and other patient reporte@utcomes. We found data on disabilitgnd patient
reported global impression ahange but did not find any data on the other outcomés.addition,
we also describe the available evidence on reductiomigraine days per montavailable in the
identified trials, although we did not perform a systematic review specifically to evaluate this
outcome.

For the interventions that evaluated more than one dose in the clinical trials (lasmiditan and
ubrogepant), we describe the results observed in all arnteetrials. However, for the purpose of

the NM#As, we pooled the two highest doses into one i.e. 100 mg and 200 mg arms of the lasmiditan
trials were pooled into one arm (lasmiditan 100/200 mg), and 50 mg and 100 mg arms of the
ubrogepant trials were poel into one arm (ubrogepant 50/100 mgyhe lower doses (50 mg
lasmiditan and 25 mg ubrogepant) were not included in the NMA because these doses were not
consistently evaluated in the Phase Il trials and were not included in thedomgopen label

extension studies.
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Freedom from Pain atwo Hours

Thiswasdefinedasthe presence of no pain at two hours after treatmenta person who hadild,
moderate or severe paiandbefore the use of any rescue medicatiolm. the individual Phase III
clinical tials of the interventions presented in Table 3.2, lasmiditan (50 mg, 100 mg, or 200 mg),
rimegepant (75 mg) and ubrogepant (25 mg, 50 mg or 100 mg) all resulted in a greater proportion
of patients being free from pain at two hours post dose compared watiepts receiving placebo
(Table 3.2). A similar pattern was observed in the Phase Il studies of the interventions and the
triptan studies.

In total, 26 trials (3 lasmiditantrials,?>2° 4 rimegepant trials including ttial that included
sumatriptanas anactive comparator armi®?° 3 ubrogepanttrials,®®3? and 16 triptan studie$>3842
4446485052) reported on the proportion of patients with pain freedom at two houi#/e considered
all 26 trials sufficiently similar to include in the NMAppendix Tabl®5providesthe datafor the
NMA including the sample & and the number of patients who reported pain freedom.

The NMAmodel thatadjusted for placebo responggovided a better filand the results are
presented in Table 3.8nd Table 3.%unadjusted NMA results are provided in Appendix Tie
resultsare presentedn terms of the odds ratio (OR) of freedom from pain for each intervention
versus placebosumatriptan and eletriptan ORs above 1 indicate higher odds of pain freedom at
two hours with the active intervention versus comparatahnile ORs below 1 indicate lower odds
Lasmiditan (OR3.01, 95% @: 2.2to 4.14), rimegepant (OR2.11; 95% @: 167to 2.72), and
ubrogepant (OR2.12 95% @: 158to 2.88) all had higher odds of achieving pain freedom at two
hours versus placebdCanpared to each other, none of the interventioesowedstatistically
significant differeres though lasmiditan showed a statistically rsignificant, higher odds of
achieving pain freedomin contrast, all interventions showed lower odds of achieving fraedom
at two hours compared to sumatriptan (lasmiditan78, rimegepant: 0.4, ubrogepant: 0.3) and
eletriptan (lasmiditan: &4, rimegepant: 0.8, ubrogepant: 0.8). Of note,statistical significance
was not reached for lasmiditan versus sumaiaipt

Based on the estimated odds ragjahe expected proportion of patients achieving pain freedom at
two hours was 8% for lasmiditan, 2% for rimegepant, 21% for ubrogepan§® for sumatriptan
and 2% for eletriptan(Table3.5).

Pain Relief affTwo Hours

Pain reliefivasdefined asa decrease in headache pain from moderate or severe at baseline to mild
or no pain at two hours after treatment and before taking any rescue medicafatients with
moderate or severe pain who achiepain freedom would also be counted as having pain relief.

the individual Phase Il clinical trials of the interventions, lasmiditan (50 mg, 100 mg, or 200 mg),
rimegepant (75 mg) and ubregant (25 mg, 50 mg or 100 mg) all resulte@ greater propotion
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of patients experiencing pain relief at two hours pdsse compared with patients on placebo
(Table3.2).

We included31trials in the NMAR lasmiditan trial$>2° 4 rimegepant trials includingtrial that
includedsumatriptanas an active comparator arf?° 3 ubrogepant trial$%3? and 21 triptan
studies®**?). Appendix Tabl®5provides the trial datancluded inthe NMA which are the sample
size and the number of patients who reported pagtief.

The NMAmodeladjusted for placebo respong®ovided a better fit and the results are presented
in Table 3.4 and Table JBnadjusted NMA results are provided in AppendixTBg results of the
NMAare presentedn terms of the odds ratio (OR) ddlief from pain for each intervention versus
placebo, sumatriptan and eletriptar.asmiditan (OR: 23; 95% @: 2.04to 3.25), rimegepant (OR:
2.19 95% @: 18to 2.76), and ubrgepant (OR2.19, 95% @: 1.7 to 2.89) all had higher odds of
achieving pain freedom at two hours versus placeBompared to each other, none of the
interventionsshowed astatistically significandifference, though lasmiditan showed a statistically
non-significant, higher odds of achieving pagtief. Compared to sumatriptan, all interventions
showed lower odds of achieving pailief, however,only rimegepant wastatistically significary
worse(OR: 073; 95% Crl: 0.58 to 0.96Results compared to eletriptan alsbowed lower odds of
achieving paimelief at two hoursfor the three interventions andall were statistically significant
(lasmiditan: 061, rimegepant: 052, ubrogepant: 0.3).

Based orthe estimated odds ratigghe expected proportion of patients achieving pain relief at two
hours was B% for lasmiditan, &% for rimegepant54% for ubrogepant, 8% for sumatriptan and
69% for eletriptan(Table3.5).
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Table3.2: Phase Ill Results of Lasmiditan, Rimegepant and UbrogepBain Feedom and Pain Relief at-Bours.

Intervention

) Arms
(Trial)

Headache Pain Freedoat 2-Hours Headache Pain Relief atl2ours

Odds Ratiovs. Placebo

Odds Ratiovs. Placebo

Lasmiditan 200mg
Lasmiditan

(SAMURAP* Lasmiditan 100mg

Placebo

Lasmiditan 200mg

Lasmiditan Lasmiditan 100mg
PARTA
S A Lasmiditan 50mg
Placebo
Rimegepant Rimegepant 75mg
(Study301)?” Placebo
Rimegepant Rimegepant 75mg
(Study302)2¢ Placebo
Rimegepant Rimegepant 75mg
(Study303)%8 Placebo
b : Ubrogepant 100mg
rogepan
(ACHIEVE* Ubrogepant 50mg
Placebo
Ub : Ubrogepant 50mg
rogepan
(ACHIEVE) Ubrogepant 25mg
Placebo

167/518 (32.2)
142/503 (28.2)
80/524 (15.3)

205/528 (38.8)

167/532(31.4)

159/556 (28.6)

115/540 (21.3)
104/543 (19.2)
77/541 (14.2)
105/537 (19.6)
64/535 (12.0)
142/669 (21.2)
74/682 (10.9)

95/448 (21.2)

81/422 (19.2)
54/456 (11.8)
101/464 (21.8)

90/435 (20.7)
65/456 (14.3)

(95%Cl), pralue
2.6 (2.03.6), <0.001

2.2 (1.63.0), <0.001

2.3 (1.8, 3.1), <0.001
1.7 (1.3, 2.2), <0.001

1.5 (1.1, 1.9), 0.003

1.4 (1.0, 2.0), 0.03

1.8 (1.3, 2.5), <0.001

2.2 (1.6, 3.0), <0.0001

2.0 (1.4:3.0), 0.0003

1.8 (13, 2.7), 0.0023

1.6 (1.1, 23), 0.01
1.6 (11, 2.2), 0.8

330/555 (59.5)
334/562 (59.4)
234/554 (42.2)
367/565 (65.0)

370/571 (64.8)

353/598 (59.0)

274/576 (47.7)
304/543 (56.0)
247/541(45.7)
312/537 (58.1)
229/535 (42.8)
397/669 (59.3)
295/682 (43.3)

275/448 (61.4)
257/422 (60.7)

224/456 (49.1)
291/464 (62.7)

263/435 (60.5)
220/456 (48.2)

95%CI:95%confidence interval, mg: milligrama: number of participantdN: total number of participantsvs: versus

(95%Cl), pralue
2.5 (1.93.3), <0.001

2.4 (1.83.1), <0.001

2.4 (1.8, 3.1), <0.001
2.3 (1.7, 2.9), <0.001

1.7 (1.3, 2.2), <0.001

1.5 (1.2, 1.9), <0.001

1.9 (1.5, 1.3), <0.0001

1.9 (1.5, 2.4), <0.0001

17(13, 2.2), 0.0023

1.7 (13, 2.2), 0.0023

1.8(14, 2.3), 0.01
1.7(13,22),0.07
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Table3.3: NMA results Interventions and Comparators. Pain Freedah2-Hours

Lasmiditan

(100/200 mg)

1.43(0.97, 2.06) [REELEUL

75 mg
1(0.69, 1.46)

Ubrogepant
(50/100 mg)

0.51 (0.39, 0.7)| 0.52 (0.37, 0.74)

1.43 (0.93, 2.14)

Sumatriptan
(50/200 mg)

0.73 (0.57, 0.97)
4.09 (3.43, 4.82)

0.73 (0.53, 1.06)

0.54 (0.36, 0.85) | 0.38 (0.27, 0.57) 0.38 (0.26, 0.59)
3.01(2.2,4.14) | 2.11(1.67,2.72) 2.12(1.58, 2.88)
mg: milligrams
LegendEach box represents the estimatedds ratioand 95% credible interval for the combined direct and

indirect comparisons between two drug&stimates in bold signify that the 95% credible interval does not contain
1

Eletriptan40 mg
5.6 (4.14, 7.23)

Table 34: NMA results Interventions and ComparatorsPain Reliefat 2-Hours

Lasmiditan

(100/200 mg)
1.16 (0.87, 1.52)

Rimegepant
75 mg

1(0.75, 1.34)

Ubrogepant
(50/200 mg)

0.73 (0.55, 1)

1.15 (0.85, 1.58)

Sumatriptan
(50/100 mg)

0.61 (0.44, 0.88)| 0.52 (0.38,0.76)| 0.52(0.37,0.78)| 0.72 (0.58, 0.89)M=Eiglel=TgRION o]

2.53 (2.04,3.25)] 2.19(1.8,2.76) | 2.19(1.7,2.89) | 2.99 (2.65, 3.34)| 4.18 (3.32, 5.14) N FETe=le]e]
mg: milligrams
LegendEach box represents the estimatedds ratioand 95% credible interval for the combined direct and
indirect comparisons between two drug&stimates in bold signify that the 95% credible interval does not contain

0.84 (0.67, 1.13)| 0.73 (0.58, 0.96)

=

Table 3.5 NMA results versus Placebd?ain Freedom and Pain Relief at®urs

Placebo

Rimegepani(75 mg) 2.11 (1.67, 2.72)

OddsRatio vs.
Pacebo (95% Crl)

Reference

)

Ubrogepant(50/100 mq) (W22 @ RstoRvRsts))

Lasmiditan (100/200 3.01 (2.2, 4.14)
mg)

Sumatriptan(50/100 4.09 (3.43, 4.82)
)

5.6 (4.14, 7.23)

Eletriptan (40 mg)

ExpectedProportion

Pan Freedom at 2Hours Pain Relief at Hours
. ExpectedProportion
OddsRat .
SN0 NS with Pain Relief
(95% Crl) (95% Crl)

with Pain Freedom

0.11
0.28 (0.22, 0.35)

0.21 (0.18, 0.26)
0.21 (0.17, 0.27)
0.35 (0.31, 0.38)

0.42 (0.35, 0.48)

95%Crl:95%credible interval mg: milligramsvs.: versus

Placebo (95% Crl)

Reference
2.53 (2.04, 3.25)

2.19 (1.8, 2.76)
2.19(1.7, 2.89)
2.99 (2.65, 3.34)

4.18 (3.32, 5.14)

0.35
0.58 (0.52, 0.63)

0.54 (0.49, 0.6)
0.54 (0.48, 0.61)
0.62 (0.59, 0.64)

0.69 (0.64, 0.73)
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Pain Freedom and Relief between Two and Eight Hours

The randomized trials of the acute therapies for migraine were designed to desgzsmary
outcomes at two hoursAspreviouslydescribed, all trials mvided or allowed the use of additional,
rescue treatment for patients not responding to the initial study drug at two hoWvkile the trials
were designed to assess recurrence of pain after two hours in initial responders, they were not
designed to asss for delayed benefits from the initial study drug beyond two hoiise trials of
both rimegepantandubrogepantreported on relative results compared with placebeyondtwo
hours based on censoring strategies that removed patients who took second doses of the
randomized medication or rescue medication after two houPsiblishedesults showed a
continued separation of rimegepant and ubrogepant from plackegond two harrs, with maximal
efficacy observed between three to eight hogsee Figure 3.1 and 3.2 his suggested that
focusing on the primary outcomes at two hours may underestimate the benefit of the study drug in
a time period out to eight hours.

Figure3.1: Rmegepant Time toPain freedom8 Hours After Initial dose

A Freedom from Pain
1.0+

0.9+
0.8
0.7+ Rimegepant
0.6
0.5

0.4

Probability

0.3+ Placebo
0.2

0.1
r—

= —

0-0_ T T T T T T T T T T 1
o] 30 60 90 120 180 240 300 360 420 480 520

Minutes since Dose

Rimegepant, an Oral Calcitonin GeRelated Peptide Receptor Antagonist, for Migraine, Lipton RB, Croop R, Stock
EG, et al. N Engl J Med. 2019 Jul 11;381(23t1292Copyright © (2020) Massachuseitledical Society. Reprinted
with permission from Massachusetts Medical Society.
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Figure3.2: Ubrogepant: Time to Pain freedom 48 Hours After Initial dose

100 | Excludes data collected after the use of optional second dose of i

--+-- Placebo " . N .
Ubrogepant 50 mg study medication (placebo or ubrogepant) or rescue medication

g0—{ —m-— Ubrogepant 100 mg
g0 ] 245%

70 =T 21.5%
o 21.9%

—
60— A et —
) -

5071 26.0% |/ 721.5%

% Patients Pain Free

407 V7 19.0% -7

T T T T T T T T 1T T
4 6 8 24 48

Time After Dose (Hours)

=}

Ubrogepant for the Acute Treatment of Migraine: Efficacy, Safety, Tolerability, and Functioaat ngcomes
from a Single Attack Phase Il Study, ACHIEMEtlick WD, Lipton RB, Ailani J, etRdesentedat the 2018
American Headache Society Annual Scientific Meeting

However, theseensored outcomes were presented as exploratory analgseeause of the

potential for confoundindy the choice to take or not take additional medication and violate the
initial intention to treat design of the trialsThe ability to assign delayed benefit to the initial study
drug or to the rescue treatment isncertain. In an attempt to identify the delayed benefit of the
initial study drug we sought additional information from the manufacturer of ubrogepant because
of uniguedesignfeaturesof their clinical trials.The trials of ubrogepant involved a secb
randomization for patients who had not had relief of migraine at two hoursdewdedto take a
second dose of study medication rather thadiffierent rescue medicationAs a result, some
patients who had initially received placeldecided to take aditional medicine for their symptoms
andg SNB aNI yR2YATI SR¢é¢ (2 NBOSAQGS I aSO2yR R24S
Patientswho had initially received ubrogepant were randomized to receive one of two doses of
ubrogepant or to receive ptebo. Patients who decided to take additional study drug were
instructed notto take any otherrescue medication until four hours (two hours after the second
dose of medication).

The net effect of this blinded second dose of study drug resuitc@nprison between patients

who initially received placebo and chose to receive a second dose of medication (always placebo)
and patients who initially received ubrogepant and who received placebo as their second dose
Examining these patients permis unbiased comparison potentially demonstrating delayed

efficacy ofthe initial dose ofubrogepant. This is not a measure of the actual broad efficacy of
ubrogepant versus placebo at four hours since it excludes patients who had initial benefit and
patients whotake rescue medication, but is capable of answering whether ubrogepant has delayed
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efficacy past two hours in an unbiasetnner. Thisanalysis was performed based on a specific
request from ICER to the manufactuand while it was performed post hpthe goal was to better
identify delayed benefit of initial study drud@ he results of the additional analysis shovtkdt
there is anadditionaldelayedbenefitwith ubrogepantat four hours after the initial dose (s@able
3.6).

Table3.6: PainFreedom andRelief by time pointg pooled ACHIEVE | & II

Placebo + Ubrogepant + Difference Risk ratio
Placebo placebo

Pain Freedom

20 (4.9) 15 (5.7) 0.8 1.16
60 (14.7) 55 (20.8) 6.2 1.42
152 (37.2) 115 (43.6) 6.4 1.17
201 (49.1) 186 (70.5) 21.3 1.43

Sustained Pain Freedom

Sustained pain freedom was defined as the percentage of subjectswatepain free attwo hours

and maintained pain freedomwith no use of rescue medication or relapse within(4stained pain
freedom at 24 houryor 48 hourgsustained pairireedom at 48 hoursafter theinitial treatment.

In the individual Phase lll clinical trials of the interventions, lasmiditan (50 mg, 100 mg, or 200 mg),
rimegepant (75 mg) anti00 mgubrogepant all resulted ina greater proportion of patients
experiencing sustained pain freedom at 24 hours and 48 hours compareghagbbo (Tabl8.7).
Theother two doses of ubrogepant (25 mg and 50 mg) were not statistically significantly different
from placebo on sustained pain freedom at 24 ho(irable 37).

Mainly because of data availabilityeveonducted NMAnly for the 24 hours sustained pain
freedomoutcome In total, we identifiedl5 trials @ lasmiditan?324 4 rimegepant trials including 1
headto head versus sumatriptaff2° 3 ubrogepant3®3? and6 triptan studies*364¢48) suffidgently
similar to include in the NMAAppendix Tabl®6providesthe datafor the NMA, including the
sample size and the number of patients who reporsegtainedpain freedom.

The NMAmodeladjusted for placebo response provided a better fit and the results are presented
in Table B and Table & (unadjusted NMA results are provided in Appendix ©Jnsistent with

the trials, he NMA results showed that lasmiditan (@2R2 95% CI. 89to 4.5), rimegepant (OR:

2.51; 95% CI: 89to 3.46), and ubrogepant (OR:32; 95% CI: $2to 3.46) all had higher odds of
achieving sustained pain freedom at 24 hours versus placEompared to the triptans, although

all interventions showed lower odds of achieving sustained pain freedom at 24 hours compared to
sumatriptan (lasmiditan: 83, rimegepant: 0.7, ubrogepant: 0.6) and eletriptan (lasmiditan: 03,
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rimegepant: 063, ubrogepant: 9), these were not statistically significarsimilarly, the
interventions were not statistically significantly different from each otfieable 38).

Ba®d on the estimated odds ratio, the expected proportion of patients achieving sustained pain
freedom at 24 hours was9% for lasmiditan, 7% for rimegepant, 8% for ubrogepant, 22% for
sumatriptan and 2% for eletriptan(Table 39). Of note,because of reurrent symptoms after two
hours the number of patients with sustained pain freedah24 hairs was less than those
achievingpain freedom at two hourg¢see Tabl&.9).

Sustained relief is based on a concept similar to sustainedffgsdom. It wasdefined as the
percentage of subjects who had pain relief at two hours with no use of rescue medication or relapse
at follow-up after the initial treatment.We found no data on sustaingzhinrelief for lasmiditan.In

total, we included the fourimegemnt trials,the threeubrogepant trials and 10 triptatwials for

the NMA onsustainedpain relief(see AppendiXableD6). The esults ofthe NMAon sustained

pain relieffollowed a similar pattern ashe 24 hours sustained pain freedofgeeAppendixTable

D15).
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Table3.7: Phase Ill Results of Lasmiditan, Rimegepant and Ubrogepant. Sustained Pain Fre¢@dnand 48Hours

Sustained Pain Freedomt 24-Hours Sustained Pain Freedomt 48-Hours

. . : _
nIN (%) Odds Ratio vs. Placeb®5%Cl), AN (%) Odds Ratiovs. Placebd95%Cl),
p-value p-value

Intervention

(Tria) AT

Lasmiditan
(SAMURAP4

Lasmiditan
(SPARTA)R®

Rimegepant
(Study301)?”
Rimegepant
(Study302)%¢
Rimegepant
(Study303)28

Ubrogepant
(ACHIEVE*

Ubrogepant
(ACHIEVE)

*Qdds ratioestimated

Lasmiditan 200mg

Lasmiditan 100mg
Placebo

Lasmiditan 200mg

Lasmiditan 100mg

Lasmiditan 50mg
Placebo
Rimegepant 75mg
Placebo
Rimegepant 75mg
Placebo
Rimegepant 75mg
Placebo

Ubrogem@ant 100mg

Ubrogepant 50mg
Placebo

Ubrogepant 50mg
Ubrogepant 25mg

Placebo

103/555 (18.6)

83/562 (14.8)
42/554 (7.6)
128/565 (22.7)

102/571 (17.9)

103/598 (17.2)

77/576 (13.4)
76/543 (14.0)
44/541 (8.1)
66/537 (12.3)
38/535(7.1)
105/669(15.7)
38/682 (5.6)

68/441 (15.4)

53/418 (12.7)
39/452 (8.6)
66/457 (14.4)

55/432 (12.7)

37/451 (8.2)

2.8 (1.94.1), <0.001

2.1(1.4 3.1), <0.001

1.9 (1.4, 2.6), <0.001

1.4 (1.0, 1.9), 0.021
1.3 (1.0, 1.9)0.036

1.8 (1.2, 2.7), 0.002
1.8 (1.2, 2.8), 0.004

3.2 (2.1, 4.7), <0.0001

2.0 (1.3, 3.0), 0.0037

1.6 (1.0, 2.4), n.s.

1.9 (1.2, 2.8), 0.01

1.6 (1.0, 1.8), n.s.

91/555 (16.4)

84/562 (14.9)
42/554 (7.6)
111/565 (19.6)

86/571 (15.1)

89/598 (14.9)
68/576 (11.8)
63/543 (11.6)
39/541 (7.2)
53/537 (9.9)
32/535 (6.0)
90/669 (13.5)
37/682 (5.4)

NR

NR

2.4 (1.63.5), <0.001

2.1 (1.53.2), <0.001

1.8 (1.3, 2.5), <0.001

1.3 (0.9, 1.9), 0.058
1.3 (0.9, 1.8), 0.065

1.7 (1.1, 2.6), 0.013
1.7 (1.1, 2.7), 0.02

2.7 (1.8, 4.1), <0.0001

95%CI: 95% confidence interval, matligrams n: number of participants, N: total number of participants, NR: not repgnisd versus
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Table 38. NMA Results. All Interventions and ComparatorsSustained Pain Freedom at 24ours

Lasmiditan

(100/200 mg)
1.16 (0.67, 1.94)

Rimegepant(75
mg)

1.26 (0.72, 2.11)

1.08 (0.67, 1.74

0.83 (0.5, 1.44)

0.71(0.48, 1.12

Ubrogepant
(50/200 mg)

0.66 (0.41, 1.12)

0.73 (0.341.53)

0.63 (0.32, 1.22

0.59 (0.28, 1.18)

Sumatriptan
0.89 (0.44, 1.69)

Eletriptan

2.92 (1.89, 4.5)

2.51 (1.89, 3.46

2.32 (1.62, 3.46)

3.53 (2.52, 4.77)

3.97 (2.24, 7.36) T o]0)

mg: milligrams

LegendEach box represents the estimatedds ratioand 95% credible interval for the combined direct and

indirect comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain
1

Table3.9. NMA Resultsversus PlaceboSustainedPain Freedom at 24Hours Comparedto Pain
FreedomAchievedat 2-Hours

SustainedPain Freedom at £-hours Pain Freedom at-hours

ExpectedProportion

ExpectedProportion
with Pain Freedom
(95% Cirl)

OddsRatio vs.
Placebo(95% Crl)

OddsRatio vs.

with SustainedPain
Placebo(95% Cirl)

Freedom(95% Cirl)
0.07
0.19(0.13, 026)
0.17(0.13,0.22
0.16(0.11, 022)
0.22 (017, 027)
0.24(0.15, 037)

0.11
0.28(022, 035)
0.21(0.18, 0.26)
0.21 (017, 027)
0.35(031, 0.38)
0.42(0.35, 048)

Reference
3.01 (2.2, 4.14)
2.11 (1.67, 2.72)
2.12 (1.58, 2.88)
4.09 (3.43, 4.82)
5.6(4.14, 723)

Reference
2.92 (1.89, 4.5)

Placebo
Lasmiditan100/200 mg
Rimegepant75 mg 251(1.89, 3.49
Ubrogepant50/100 mg  [acyAl @ Reyey:ls)
SRS /A el 3.53 (252, 4.7
3.97 (2.24, 7.36)

Eletriptan 40 mg
95%Crl:95%credible interval mg: milligrams, NA: not available, vs.: versu
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Freedom from Most Bothersome Symptom (MBS)

Absence of the most bothersome migraine associated symptom (i.e. phonophobia, photophobia, or
nausea) at two hours after treatment was measured as-praoary endpoint in the Phase Ill trials

of lasmiditan, rimegepant and ubrogepant. None of the Phastaidlies of the interventions or the
triptan studies assessed freedom from MBS as an outcohsesuch we included only tlseven

Phase Il trials in our NMA and compared the interventions to each other and to pl&cé8b.
28,30,31,92

Table3.10 presents the results of the Phase Ill trisfsgeater proportion of patients on lasmiditan
(50 mg, 100 mg, or 200 mg), egepant (75 mg) oubrogepant(25 mg, 50 mg or 100 mg)
experienced freedom from MBS at two hours post dose compared with patengdacebo.The
unadjustedNMA comparing the interventions to each oth@novided a better fit and the results are
presented in Table 31. The resultshowed that lasmiditan (OR: 1.99; 95% CI: 1.03 to 3.9),
rimegepant (OR: 2.57; 95% CI: 1.61 to 4.26{l, abrogepant (OR: 2.09; 95% CI: 1.19 to 3.9) all had
higher odds of achieving freedom from MBS at two hours pgose compared to placebo.
However, ompared to each other, none of the interventioglBoweda statistically significant
difference. Based orthe estimated odds ratio, the expected proportion of patients achieving
freedom from MBS at two hours was 40% for lasmiditan, 38% for rimegepant, and 39% for
ubrogepant.
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Table3.10: Phase lIResults of Lasmiditan, Rimegepant and UbrogepaiBSFeedom at 2-

Hours

Intervention
(Trial)

Lasmiditan
(SAMURAP4

Lasmiditan
(SPARTAR?

Arms

Lasmiditan 200mg
Lasmiditan 100mg
Placebo

Lasmiditan 200mg
Lasmiditan 100mg

Lasmiditan 50mg

Placebo
Rimegepant 75mg

Rimegepant
(Study302)*' Placebo

Rimegepant

Rimegepant

(Study303)%8

Ubrogepant
(ACHIEVE*

Ubrogepant
(ACHIEVE)#

(Study302)2¢ Placebo

Rimegepant 75mg

Rimegepant 75mg
Placebo

Ubrogem@ant 100mg
Ubrogepant 50mg

Placebo

Ubrogepant 50mg

Ubrogepant 25mg

Placebo

FreedomFrom Most Bothersome Symptom at 2Hours

196/481 (40.7)
192/469 (40.9)
144/488 (29.5)
235/483 (48.7)

221/500 (44.2)

209/512 (40.8)

172/514 (33.5)
199/543 (36.6)
150/541 (27.7)
202/537 (37.6)
135/535 (25.2)
235/669 (35.1)
183/682 (26.8)

169/448 (37.7)

163/420 (38.6)
127/454 (27.8)
180/463 (38.9)

148/434 (34.1)
125/456 (27.4)

Odds Ratiovs. Placebo(95%Cl),
p-value

1.6 (1.32.1), <0.001
1.7 (1.32.2), <0.001

1.9 (1.4, 2.4), <0.001
1.6 (1.2, 2.0), <0.001

1.4 (1.1, 1.8), 0.009

1.5 (1.2, 2.0), 0.002

1.8 (1.4, 2.3), <0.0001

1.5 (1.2, 1.9), 0.001

1.6 (1.2, 22), 0.0023

1.7 (13, 23), 0.0023

1.7(13, 2.2),0.01

14(1.0, 1.8), 0.07

mg: milligramsn: number of participantsN: total number of participantd\R: not reportedvs: versus

Table3.11. NMA Results. Interventions and ComparatorsFreedom from MBS at-Plours

Lasmiditan
(100/200 mg)

1.07 (0.78, 1.46)

1.03(0.73, 1.45)

Rimegepant
(75 mg)

0.96 (0.69, 1.33)

Ubrogepant
(50/200 mg)

1.69 (1.33, 2.14)

1.58 (1.29, 1.94)

1.64 (1.28, 2.12)

mg: milligrams

LegendEach box represents the estimatedds ratioand 95% credible interval for the combined direct and
indirect comparisons between two drug&stimates in bold signify that the 95% credible interval does not contain
1
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Freedom fromOther Migraine Symptoms (phonophobia, photophobia and nausea)

Freedomfrom phonophobia, photophobia, and nausea wargsessed as secondary outcomes in
the trials of lasmiditan, rimegepant and ubrogepaktowever therewasa lack of consistency in
how these outcomes were analyzed across triitsthe rimegepant trials, freedom from migraine
associated symptoms were @wated correctly among patients who exhibited these symptoms at
baseline, while the trials of lasmiditan and ubrogepant evaluated these outcomes among all
patients, irrespective of their baseline sympton#s such welid not quantitatively compare the
drugs to each other on these outcomes.

Regardlessf how the trials evaluatethese outcomesall three interventions were not different
from placebo in achieving freedom from nausea at two hours in any of the Phase IllAtlals.
interventions had higheodds of achieving freedom from phonophobia and freedom from
photophobia at two hours post dose compared to placeApgendix Tabl®8).

Use of Rescue Medication

Due to differences ithe design of the triarelated tothe use of rescue medicatiofe.g.open label
second dose vsandomized; NSAID vs. usual acute migraine treatjpere could not

guantitatively compare thénterventions to each other on this outconfsee Table 32). In

general, patientsvho were randomized to the interventions were less likely to use a second dose or
another medication for rescue compared to patients on placebo.
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Table 3.2. Use ofRescueMedicationafter 2 Hours

_ LasmiditanPhase Il | RimegepantPhase Ilrials UbrogepantPhase lIMTrials
Trials

Timing andindication for RescueMedication

Rescue medication
could beusedwithin 24
hoursif pain freedom
not achieved at 2
hours.

Patients could take a
rescue medicatioffor
recurrencewithin 24
hours

Initial Response

Recurrence

Rescue medicatiooould be
usedwithin 48 hoursf pain

relief not achieved at 2 hours.

Patients could take eescue
medicationfor recurrence
within 48 hours

RescueMedication Allowed

Rescue medicationould be
usedwithin 48 hoursf pain
relief not achieved at 2 hours.

Patients could take eescue
medicationfor recurrence
within 48 hours

Patients werere-
randomizedo an
optionalsecond dose
of placebo or
lasmiditan. Second
dose mly taken if
another rescue
medication has not
been used.

Triptans, ergots,
opioids and
barbiturates werenot
allowed Patients could
take other over the
counter medications of
choice.

Second dosef study
Medication

Other Medications

Patients were not given an
optional second dose

Triptans, ergots, opioids and
barbiturates werenot allowed
within 48 hoursPatients
could takeaspirin,NSAIDs,
acetaminophenantiemetics,
or baclofen

Patients weregiven an
optionalsecond doséthose
on placebo were given
placebo and others were re
randomized to placebo or
ubrogepant). Second dose
only takenif another rescue
medication has not been usec

Patients could takériptans,
ergots, NSAIDs,
acetaminophen, opioids, or
other over the counter
medications.

Inthe Phase Il trials dasmiditan all patients were randomly allocated &n optionalsecond dose

of the study drug Patient with persistent or recurrent pain wanting to take additional treatment
could take the optional second dose or their own rescue medication within two to 48 hours after
the initial dose.The second doseas used between two and 24 hours32%to 39%of the
lasmiditangroup (200’200 mg)versus 60% ahe placebogroupin the SPARTAtrial; and20%to

35% ofthe lasmiditangroup (200/100/50 mg)versus40% ofthe placeboin the SAMURAfrial 224

Of these second dosespproximately95% were taken as rescue medication, whitee remaining

were takenfor pain recurence

The rimegepant trials did not provide patients with an optional second dose of study medication
but allowed the use of rescue medicat®rAcrosshe four rimegepant trials;14%to 21% of
patientson rimegepantused arescue therapgompared to30%to 37% for patients on placeli§2°
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In the Fhase lll trials of ubrogepanpatientswere rerandomized tcan optional second dosaf
ubrogepant. Patient with persistat or recurrentpain wanting to take additiondateatment could
opt to take the optionakecond dos®r their ownrescue medicgon within two to 48 hours after
the initial dose. In the pooled ubrogepangroup, 38% ofpatientsusedan optional second dose
comparedwith 43% in the placebo grougRates ofescuemedication usefter the first dosevas
approximately 15%n the ubrogepant group versugl% to29% in the placebo group.

Disability

Functional disability was measured as a secondary outcome in all the Phase Il trials of the
interventions This was assessed at two hours after initial treatment, before the use of rescue
medication with a fowpoint functional disability scale (O=no disability [i.e. ability to function
normally]; 1=mild disability [i.e. ability to perform all activitiesdaily living but with some
difficulty]; 2=moderate disabilityunable to perform certain activities of daily living=severe
disability [i.e. unable to perform most to all activities of daily living or requiring bed regt]s
outcome was not consistely evaluated in the included triptan studieés such we included only

the seven Phase lll trials in our NMA and compared the interventions to each other and to placebo.
23,24,26-2891,92

Table3.13 presents the results of the Phase Il triala.greater proportion of patients on lasmiditan
(50 mg, 100 mg, or 200 mg), igepant (75 mg) andbrogepant(25 mg, 50 mg or 100 mg) were
able to function normally at two hours podbse compared with patients on placeb®he

unadjusted NMA comparing the interventions to each other provided a bettantl the results are
presented in Table 33l TheNMA showed that lasmiditan (OR:1.7; 95% CI:1.32 to 2.20),
rimegepant (OR:1.72; 95% CI: 1.38 to 2.14), and ubrogepant (OR: 1.51; 95% CI: 1.15 to 1.96) all had
higher odds of achieving no disability at tlvours post dose compared to placebdowever,
compared to each other, none of the interventions showed a statistically significant difference
(Table 3.2). Based on the estimated odds ratio, the expected proportion of patiesits could
function normaly at two hours postiose was 38% for lasmiditan, 38% for rimegepant, and 35% for
ubrogepant.
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Table3.13. Phase Il results of Lasmiditan, Rimegepant and Ubrogepatility to Function
Normally at 2Hours

Intervention Ability to FunctionNormally at 2-Hours

Trial Arms
(Trial) n/N (%) p-value vs Placebo

Lasmiditan 200mg 180/555 (32.4) <0.001

Lasmiditan o
(SAMURAR Lasmiditan 100mg 181/562 (32.2) <0.001

Placebo 119554 (21.5) Reference
Lasmiditan 200mg 209565 (37.0) <0.001

Lasmiditan Lasmiditan 100mg 193571 (33.8) <0.001
(SPARTAR
Lasmiditan 50mg 187/598 (31.3) 0.019
Placebo 143576 (24.8) Reference
Rimegepant 75mg  181543(333)
(Study301}’ Placebo 118541 (21.8)
Rimegepant 75mg  175537(32.6)
(Study302)° Placebo 125535 (23.4)
Rimegepant 75mg 255669 (38.1) R
(Study303)® Placebo 176/682 (25.8)

Ubroge@nt 100mg 193423 (42.9) <0.01

Ubrogepant
(ACHIEVE®H Ubrogepant 50mg 172/448 (40.6) <0.01

Placebo 136/456 (29.8) Reference
Ubrogepant 50mg 188464 (40.5) <0.01

Ubrogepant
(ACHIEVE ) Ubrogepant 25mg  185/435 (42.6) <0.01

Placebo 156/456 (34.2) Reference
mg: milligramsn: number of participantsN: total number of participantdNR:not reported, vs.: versus

Table3.14. NMA results. Interventions and ComparatorsAbility to FunctionNormally at2-Hours

Lasmiditan
(1200/200 mg)

0.99 (0.71, 1.39)

Rimegepant

(75 mg)
Ubrogepant

1.13(0.78, 1.64) 1.14 (0.81, 1.62) (50/100 mg)

1.7 (1.32, 2.2) 1.72 (1.38, 2.14) | 1.51 (1.15, 1.96)
LegendEach box represents the estimatedds ratioand 95% credible interval for the combined direct and
indirect comparisons between two drug&stimates in bold signify that the 95% credible interval does not contain
1.
mg: milligrams
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Patient Gobal Impression ofChange

Patient global impression of change (PGIC) was measured as a secondary outcome in the Phase Il
trials of lasmiditan and ubra@pant. This was assessed at two hours after initial treatment, before

the use of rescue medication with a seveaoint scale (1=very muchorse 2=much worse; 3=a

little worse; 4=no change; 5= a little better; 6=much better; 7=very much better). Thisre$the

trials showed that a higher proportion of ubrogepant or lasmiditegated patients indicated their
migraine was much better/very much better at two hours pdese compared with placebo

treated patients Table3.14). We did not identify any RG data on rimegepant.

Table3.15. Phase lIResults of Lasmiditan and Ubrogepan®GIC at 2Hours
(V)
oo S € 8P v
Lasmiditan 200mg 555 37.9 <0.001
SAMURAY Lasmiditan 100mg 562 37.2 <0.001
Placebo 554 21.8 Reference
Lasmiditan 200mg 565 42.5 <0.001
Lasmiditan 100mg 571 41.2 <0.001
SPARTARN o
Lasmiditan 50mg 598 36.6 <0.001
- Placebo 576 28.0 Reference
Ubrogepant 50mg 297 34.3 <0.001
ACHIEVPE] Ubrogepant 100mg 299 344 <0.001
Placebo 313 22.0 Reference
Ubrogepant 50mg 392 33.4 <0.001
ACHIEVE®f Ubrogepant 25mg 435 34.1 <0.001
Placebo 376 20.7 Reference

mg: milligramsN: total number of participantsPGICPatient Global Impression of Changs.: versus

Reduction in MigraineDays per Month

Stakeholders identified that decreased frequency and severity of migraine attacks was a potential
benefit oflasmiditan, rimegepant and ubrogepant when used over time, something that had not
been shown with the use of triptans. We did n@&rform a systematic review specifically to

address this issue, however wwgaminedthis potential benefit and our interpretation of the
evidence.

The availabléhase IIRCTs on the interventions of interest are skHemm single dose studies, and
so werenot designed to provide information on changes in migraine frequency or severity over
time. Evidence related to this outcome was all from kbeigm open label extension (OLE) studies
that were uncontrolled.Specifically, we identified two OLE studiesABIATOR and Lipton 2019)
that evaluated this outcomé®8°
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In GLADIATOR, two lasmiditan doses (100 mg and 200 mg) taken as needed were evaluated in 2,037
patients over one year, but only 84atientscompleted the study® Overall, the man number of

migraine days per month was reported to have decreased from a baseline rate of 15.5 days per
month to 8.2 days per month in the 200 mg lasmiditan group (mean changenigraine

days/month) and to 8.8 days per month in the 100 mg lasmiditang (mean changes.7 migraine
days/month) at one year. In addition, the migraine disability assessment (MIDAS) score was

reported to be reduced by approximately 50% in both groups by the end of the first year.

Lipton 2019 evaluated 75 mignegepant taken as needed (PRN group, n=1,498) or on schedule
(taken every other day) plus as needed (QOD+PRN group, n=286) over grimuy@atient follow

up over time was not reportet? At three months, the trial reported mean reduction of 4
migraine days per month among patients observed to have 14 or more migraine days/month at
baseline (in both rimegepant grouplror patients in the QOD+PRN group, approximdtalf
reported axb0% reduction from baseline in the fregiocy of monthly migraine days of moderate to
severe pain intensity at three months, regardless of baseline migraine days.

While the results of these studies reported a decreasing frequency of migraine attacks over time,
we were concerned about study dgsiand reporting issues that méayjasthese results We felt

that patients with a high frequency of attacks at baseline may experience decreasesme

simply due to regression to the meaBecause these were uncontrolled studies without a placebo
arm, it is not possible to differentiate regression to the mean from placebo effect or from an actual
benefit. We were also concerned that patients who may have had the greatest migraine burden
and were not benefitting from therapy might drop out over tinkeaving patients at later followp
points who were having fewer migraines at baseline and thus overestimating any decrease in
migraine frequency or severity.

Several lines of evidence support our concerns about regression to the mean as playing &promin
role in the reported data from OLE trialBirst, itis notable that therapies with very different
mechanisms of action (lasmiditan and rimegepant) should both show reductions in headache
frequency over time when prior acute migraitteerapies have not done so in controlled trials.
Moreover, it is unexpected that lasmiditan, which works through a mechanism closely related to
triptans, would show this benefivhen triptansare not believed to have such a benefito explore

this issudurther, we reviewed a trial comparing telcagepant (a gepant) with rizatriptan (a triptan)
in more than 1000 patient® We reproduce below a figure showing similar reduction in headache
frequency over timencluding in the triptan armas would be expected with regression to the mean
(Figure 33).

Loss of followup over time in the GLADIATOR trial was large (51.7%) and suggests that using the

larger denominator at baseline but a smaller one at folggvmay affet the reported results. The

Y2aid 02YY2y NBlFazy F2NJ RAaO2yGAydzr GA2Yy gl a aLl i
those patients who discontinued the medication for lack of effect. In the rimegepantrial.E
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information was obtained from a oderence abstract, so information on dropout is uncleBased
on the data in the poster, only 17.6% of patients that were evaluated at 12 weeks were included in
the reported analysis.

Finally,regardingplacebo effect, we note that the response ratelie placebo arms of theingle

dose RCTN} Yy ISR FNRBY wp: (G2 pmM:X YR GKIG Ay L/9wQa
placebo response ratior prophylactic therag ranged from 10% to 62%n addition, the mean

decrease ilmigrainespecific days and migrairgpecific medication consumption per month was
considerably smaller in RCTs of CGRP monoclonal antibodies for prevention of migrainéattacks.

Given these concerns, we do not feel that current evidence supports a conclusion that treatment
with lasmiditan, rimegepanr ubrogepant decreases migraine frequency over timglagebo
controlled trial would likely be needed to explore this issue, and in the absence of such a trial, we
do not think patients or clinicianshouldselect one of these medications based upon such a
treatment-specific benefit.

Figure 33. Mean monthlyheadache rate ! Rl LJi SR FT¢BnYTlolergbiltyoHTelcagepant

for Acute Treatment of Migraine in a Randomized Tkiad Cangor KM, Aurora SK, LoeyseT al.
Headache. 2011 Jan;51(1)-83
Rizatriptan
I Telcagepant

4.04

3.54

3.0
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Monthly Headache Rate
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)]

10712 13715 16-18
Month
Rizatriptan N: 297 267 244 230 133 95
Telcagepant N: 594 503 457 418 259 194
N: total number of participants
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Harms

Randomized Contr@#d Trials

The majority of adverse events observed in the singteack trials were mild or moderate in
intensity. Adverse events (B9 with incidencex% in any of the treatment arm are presented in
Appendix Tabl®10. In the lasmiditan trialszentral nervous system (CN®Jated AEs (e.g.,
dizziness, somnolence, paresthesia) were the most frequently reporteditkiEdizziness the most
common. Nausea was among the most commonly reported AE in the ubrogepant and pargge
trials (L% to3%). In generalthere was a low incidence of serious adseeeventsin thesetrials.
Therewas a low or nancidence of cardiovascular relatédsn the trials

Table3.16 presensthe data onAEstreatment-emergentAES TEAEs and most frequenAEsfrom

the Phase lll trials of the interventions. In the Phase Il ti&gEamong patients on placebo
ranged from 1% to 3%, whiteey ranged from 6% to 12% patients on CGRP antagonists and 32%
to 38% among those ondmiditan. In total, 2 trials (including the Phase Il trials and the triptan
studies)reported on the number of patients who experienced any type of adverse event (any
AE§32426:2832,333537,39.404244454748505391.92 gnd 16 trials (including the BRase Il trials and the triptan
studies)reported on the number of patients who experiencadytreatment emergent adverse

event @ny TEAE}325272832333640465051,535491.92 \We considered all the trials sufficiently similar to
include in the NMA.Appendix Tabl®7providesthe datafor the NMA, including the sample size

and the number of patients who reported pain freedom.

The unadjusted NMAs on any AE and TEAE provided a better fit and the results are presented in
Table 315andAppendixTableD16D18 The NMA results are expressed d&sQwhere values
greater than one indicate higher odd of any A&r TEAE for the active therapy versus placebo.
Lasmiditan had higher odds of any AE compared to plac&Ba,(95% Crl: 25, 6.25, Table 3.5),
rimegepant (3.8, 95% Crl: 19 5.82), ubrogepant (3.51, 95% Crl: &,8.61), sumatriptan (2.4,
95%Crl: 1.Z, 356), and eletriptan (3.6, 95% Crl2.03 651) (AppendixTableD16. Compared to
placebo, both rimegepant and ubrogepdrad point estimatesvith higher odds of any AE, but
these were not statistically significant.here was also nstatistically significant differeze between
rimegepant and ubrogepant, and these agents versus the tript8ased on the estimated odds
ratio, the expected proportion of patients achieviagy ABvas 50% for lasmiditan, 24% for
rimegepant, 22% for ubrogepantl® for sumatriptan and 2% for eletriptan(Table 316).

In terms of TEA&lasmiditan had higher odds ®EAE compared to placebs.09, 95% Crl3.3,
12.52, Table3.15), rimegepant (40, 95% Crl: B8, 12.04), ubrogepant (8.0, 95% Crl: 31, 12.95),
and sumatriptan (&7, 95% Crl: B, 6.07). The point estimate compared w&letriptanwas 327,
however it was not statistically significaf®5% Crl1, 11.83). Both rimegepant and ubrogepant
were not statisticallysignificantlydifferent from placebo, sumatriptan, and eletript§Appendix
TableD17). Howeverboth rimegepant and ubrogepant had point estimateish lower odds of
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TEAEBcompared to sumatriptan and eletriptarBased on the estimated odds ratithe expected
proportion of patients achievingny AEwas42% for lasmiditan, 3% for rimeyepant, 2% for
ubrogepant, 2% for sumatriptan and8% for eletriptan(Table 316).

We also quantitatively compared the incidencedidzinessthe most frequent AE that was
consistently reported in the trialslasmiditan had higher oddsf causing dizzinesompared to
placebo 8.43, 95% Crl: 88, 19.35 Table3.18), rimegepant (02, 95% Crl: 2, 25.63), ubrogepant
(4.95, 95% Crl: 7, 15.92), sumatriptan (49, 95% Crl2, 10.6), and eletriptan 3.97, 95%Crl: 144,
12.41) (AppendixTableD18. Based on the estimated odds ragidhe expected proportion of
patientsexperiencinglizziness was4® for lasmiditan2% for rimegepant3% for ubrogepant4%
for sumatriptan andi% for eletriptan(Table 3.8).
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Table3.16. Adverse EventsPhase lIBingleAttack Trials of Lasmiditan, Rimegepant, and Ubrogepant

Intervention

TEAEs, n | Dizziness, n| Somnolence, | Paresthesia,| Nausea,

Arms N (%) n (%) n (%)

(Trial)

Lasmiditan 200mg 609 2 (0.3) 260 (42.7) 237 (38.9) 99 (16.3) 33 (5.4) 48 (7.9) 32 (5.3)
Lasmiditan

(SAMURAR Lasmiditan 100mg 630 0 (0) 229(36.3) 205 (32.5) 79 (12.5) 36 (5.7) 36 (5.7) 19 (3.0)

Placebo 617 1(0.2) 101 (16.4) 78 (12.6) 21 (3.4) 14 (2.3) 13 (2.1) 12 (1.9)

Lasmiditan 200mg 649 1(0.2) 253(39.0) NR 117 (18.0) 42 (6.5) 43 (6.6) 17 (2.6)

Lasmiditan Lasmiditan 100mg 635 1(0.2) 230(36.2) NR 115 (18.1) 29 (4.6) 37 (5.8) 21 (3.3)

(SPARTAR) Lasmiditan 50mg 654 0 (0) 167 (25.5) NR 56 (8.6) 35 (5.4) 16 (2.4) 18 (2.8)
Placebo 645 0 (0) 75 (11.6) NR 16 (2.5) 13 (2.0) 6 (0.9) 8 (1.2)
Rimegepant Rimegepant 75mg 546 2 (0.4) 69 (12.6) 3 (0.5) 4 (0.7) NR NR 5(0.9)
Placebo 549 1(0.2) 59 (10.7) 1(0.2) 2(0.4) NR NR 6 (1.1)

Rimegepant Rimegepant 75mg 537 1(0.2) 93 (17.3) NR NR NR NR 10 (1.8)
(Study302)° Placebo 535 2 (0.4) 77 (14.4) NR NR NR NR 6(1.1)

Rimegepant Rimegepant 75mg 682 0 (0) 90(13.5) 47 (6.9) 6 (0.9) NR NR 11 (1.6)
(Study303y® Placebo 693 0 (0) 73 (10.5) 36(5.2) 7(1.0) NR NR 3(0.4)

Ubrogepant Ubrogepant 100mg 485 2 (0.4) 79 (16.3) 58 (12.0) 7 (1.4) 12 (2.5) NR 20 (4.1)
(ACHIEVE®) Ubrogepant 50mg 466 3 (0.6) 44 (9.4) 27 (5.8) 4 (0.9) 3 (0.6) NR 8 (1.7)
Placebo 485 0 (0) 62 (12.8) 41 (8.5) 3 (0.6) 4 (0.8) NR 8 (1.6)

VS Res e Ubrogepant 50mg 488 0 (0) 63 (12.9) 42 (8.6) 7(1.4) 4 (0.8) NR 10 (2.0)

(ACHIEVE W Ubrogepant 25mg 478 0 (0) 44 (9.2) 30 (6.3) 10 (2.1) 4 (0.8) NR 12 (2.5)

Placebo 499 0 (0) 51(10.2) 30 (6.0) 8 (1.6) 2 (0.4) NR 10 (2.0)

AEs adverse eventsng: milligramsn: number of participantsN: total number of participanfdNR: not reportedSAE: seriousadverse eventsTEAE
treatment-emergent adversevents
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Table3.17. NMA results. Any Adverse Event and Treatment Emergent Adverse Ey8irigle
Attack RCTS)

- Any Adverse EvenfAE) Treatment Emergent Adverse Eve(iEEAE

OddsRatio vs. E;(v?ticffgggg&n OddsRatio vs. ExpectedProportion
Placebo (95% Crl) grl) Placebo (95% Crl)| with TEAE (95% Crl)

Placebo Reference 0.20 Reference 0.13
Lasmiditan 3.91 (2.45,6.25) 0.5(0.38, 0.61) 5.99 (3.3, 12.52)  0.42 (0.29, 0.6)
Rimegepant 1.25(0.83,1.87) 0.24 (0.170.32) 1.5 (0.67, 3.71) 0.15 (0.08, 0.31)
Ubrogepant 1.11(0.73,1.71) 0.22(0.16, 0.3) 1.17 (0.68,2.03) 0.12(0.08, 0.2)
Sumatriptan 1.82 (1.48,2.27) 0.31(0.27, 0.36) 2.33(1.58,3.29) 0.22(0.16, 0.29)

1.07 (0.76,1.52)  0.21(0.160.28) 1.83(0.65,5.24)  0.18 (0.07, 0.39)

95%Crl:95%credible intervalvs.: versus

Table3.18. NMA Results. DizzinesgSingleAttack RCTSs)

OddsRatio vs.Placebo ExpectedProportion With
(95% Crl) Dizzines495% Crl)

Lasmiditan 8.43 (4.88, 19.35) 0.14 (0.09, 0.27)
Rimegepant 1.22 (0.44, 3.48) 0.02 (0.01, 0.06)
Ubrogepant 1.73 (0.73, 4.52) 0.03 (0.01, 0.08)
Sumatriptan 2.07 (1.3, 3.34) 0.04 (0.02, 0.06)

Eletriptan 2.14 (0.96, 5.11) 0.04 (0.02, 0.09)
95% Crl: 95% credible intervBlA:not available vs: versus

LongTerm Studies

We presentdata on any AE and discontinuation due to AEs from the interim analysis of the OLEs of
the interventions inTable3.19. The majority of AEs observed in these trials were mild or moderate

in intensity. Similar to the RCTs, most of the AEs observed i®Otte of lasmiditan after 12 months

of follow up were CN&elated, with the most frequently reported event being dizziness (21.3% of
patients in the 100 mg group, and 15.8% in the 200 mg groBpinnolence occurred in®% of

patients andparesthesiaoccurred in 58% of patients.

In total, 12.8% of patients discontinued the trial due to adverse esfdrit.2% of patients in the 100

mg group, and 14.4% in the 200 mg group), and dizziness was reported to be the most common AE
leading to discontinuation (2.7% patients in the 100 mg group, and 4.3% of patients in 200 mg
group). There was no incidence of abuse, misuse, or diversion related to the CNS efffect

lasmiditan. Of note, one patient on lasmiditan experienced a road traffic accident during the OLE,
although dosing was reported to have occurred two days before the accident, and the patient was
also on concomitant medications that have @ifated effect (lithium and quetiapine)Due to

concerns about somnolence with lasmiditan, the FDA label adtha¢patients should not drive or
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operate machinery within 8 hours of taking a dd8€ompared to the lasmiditan OLEtes of
discontinuation were lower in the OLEs of rimegepant and ubrogefaitl¢3.19).

Table3.19. Adverse Events and Discontinuation due to Adverse EveRssults of 12nonths
OLEs

Intervention Arms N Discontinuation due | SAEs, n| Any AE,| Dizziness, n
(Trial) to AE, n (%) (%) n (%) (%)

731

Lasmiditan 200mg 1015 146 (14.4) 32 (3.2 (72.0) 217 (21.3)
Lasmiditan (GLADIATOR) 636.
Lasmiditan 100mg 963 108 (11.2) 28 (2.9) (66.0) 153 (15.8)
Rimegepant : 1062
(Study 2015° Rimegepant 75mg 1784 48 (2.7) 45 (2.5) (59.5) 39 (2.2)
Ubrogepant 297
Ubrogepant 100mg 409 11 (2.7) 12 (2.9) (72.6) 12 (2.9)
94,95
Wevezerz2 Ubrogepant 50mg 417 9(2.2) 9(2.2) (2(?:3) 5(1.2)

AE: adverse eventng: milligramsn: number of participants, N: total number of participanBAEs: serious
adverse events

Subgroup Analyses

Prior Use of Triptans:

We identified twosubgroupanalyses that evaluated outcomes among patients in the lasmiditan
and ubrogepant trials based updheir prior use of triptans (Knivel 2018 and Blumenfeld 2019).

Knivel 2018 waa pooled analysisf the Phase lffrials of lasmiditafSAMURABNd $ARTAN At
baseline, patienthadrated themselves as good, pqar nonresponderdased on three mortts
historical triptan use The analysigicluded onlypatients that wererandomized to receiveither
lasmiditan 100ng or 200mg, or placeban the RCT.sTheresultsshowed no significardifference
in the benefit of lasmiditan 200ng versugplacebo(on headache pain freedom, MBS freedand
headache pain relief) ithe differenttriptan respondersubgroups’®

Blumenfeld 2019 was a pooled analysis of the Phase Il trials of ubrog&@aiftEVE | and. Iht
basdine, patients were categorized as tripta@sponder triptan-insufficientresponder(includes
lack of efficacy, tolefaility or contrandications) or triptan-naive, based on historical experience.
Although, higher response rates were observed for ubpage 50mg versus placebo tine triptan-
responder(2-hour pain freedom OR 2.03; 95%CI: 1.32, 3.11) and tripisurfficient responder
subgroups (2-hour pain freedom OR 2.16; 95%CI: 1.19, 3.95) compared to ta@me subgroup
(2-hour pain freedom OR 1.3B85%CI: 0.94, 2.01), the benefit of ubrogepanti® versus placebo
was not significantly different (onRours pain freedom [p=0.29);l@ours freedom from MBS
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[p=0.70]) among the three triptan subgroups, indicating comparable treatment effect regaafless
historical triptan experiencé’

Patients Receiving Migraine Preventive Medications

Monoclonal CGRP antagonists for prevention were not permitted in the lasmiditan tisalsyas

not permitted within 3 months of enrollment in the ubrogepant triads\d their use is not
specificallynentioned in the rimegepant trialsWe identified twosubgroupanalyses that

evaluated patients on migraine preventive medications in the trials of lasmiditan and rimegepant
(Loo 2019 and Dodick 2019).

Loo 2019 was a pooled analysidte Phase Ill trials of lasmiditan (SAMURAI and SPARTA®#!).
two RCTslbbwed patients to continue migraine preventives as long as doses were stalteder
months prior to screening and were unchanged during the stufyproximately 18% of patients
were on migraine preventive treatments (n=698he resultof the analys showedthat 200 mg
lasmiditan was more effective than placelmachieving pain freedorat two hoursfor the
subgroupusing (OR3.3; 95%CI: Bto 5.7) and not usindOR2.3: 95%C 1.9-2.9) migraine
preventive medicationsThere washo significahdifference in the benefit of all lasmiditan doses
versus placebo between patients using or not using migraine preventives (all interastangs
>=0.1). Rates of adverse events were also famior patients using and not using preventive
medications®®

Dodick 2019 was pooled analysis of the Phase Il trials of rimegep&tidy 301, 302, and 3P3In
total, approximately 16% of the total patients were using preventive medication (rimegepant
n=272, placebo n=275)he results showedmegepant was more effective tharigezebo in

achieving pain freedom at two houns the subgroup using (20.6% vs. 10.2; p=0.007) and not using
(20% vs. 12.6%; p<0.0001) migraine preventive medicatwitis no significant difference between
the two subgroups Similar trend was observed fthie coprimary outcome (freedom from MB$).

Controversies and Uncertainties

Feedbackeceivedduring this project recommended only comparing the new drugs to placebo, and
to each other, for patients in whom triptans have not been effective, are not tolerated or are
contraindicated.However, given the availability of triptans for acute treatmenthofraine, we

also sought to compare these interventions to triptans for patients who do not adequately respond
to non-prescription medications and are eligible to use triptans.

We identified 10 RCTs (3 for lasmiditan, 4 for rimegepant and 3 for ubrogepamparing the
interventions to placebo, but we found only one hetadhead trial of one of the interventions
versus a triptan (rimegepant vs sumatriptaffhere was no study directly comparing the
interventions to each otherSince heado-head data wee generally lacking for the comparisons
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between agents, indirect quantitative methods (network metaalyses) were used. These indirect
techniques necessarily have more uncertainty than had the therapies been compared directly.

Patient and patient advates were concerned that the primary outcomes in the RCTs did not fully
reflect the potential benefits of these new therapied/e reported on primary efficacy and side
effects of treatment at two hours after initial study medicatioAs noted, v also ealuated and
reported on available data on efficacy of the drugs beyond two hodmwvever, there were
important differences among trial protocols for use of rescue medications and additional study
medication dosing (both blinded and open label) after twomurs. Though censoring patients who
use additional treatments after 2 hours attempts to maintain the placebnotrolled nature of the
study, the results may still beonfounded by the choice to take or not take additional medication
and violate the initl intention to treat design of the trials, raising concerns about whethere is
truly an additional delayedoenefitafter two hours Analyses that censored patients who took
additional rescuetreatments after twohourssuggestedielayed benefits wit ubrogepant and
rimegepant. As discussed in detail abovbese results are potentially biasdout an analysis of the
ubrogepanttrials clearly confirms delayed benefit between at least two and four holhe design
of the trials of ubrogepant and rimegepant differ sufficiently after two hours as to make it difficult
to compare the results of thpublished,censored analyses-urthermore, in actual use patients are
likely to take more or different meditian after two hours and so the importanad delayed
benefits is difficult to asses®dditionally,we do not have similar analyses fasmiditanor for the
triptans, andsoit is possible that there may be delayed benefits with one or more of thesetage
In particular, eletriptan haa longerhalf-life than sumatriptan and might have delayed bensfds
well. Thus, the analysegxamining alelayed benefit othe gepants should only be used to
compare these therapies to placebod not tolasmiditanor the triptans.

The RCTs present data on efficacy of treatment for a single migraine altheke is uncertainty

about efficacy over time when these medications are used for repeated attacks over the course of a
year or longer. Since migraine can impact quality of life for those with frequent, severe and
unpredictable attacks, it is uncertaintifese new therapies may favorably impact quality of life
measures and work and productivity outcomes over tinbata were also limited for subgroups of
interest, including patients not responding to triptans, patients intolerant of triptans, and patients
taking CGRP monoclonal antagonists for prevention.

Interest in new therapies for acute treatment of migraine are driven in part by data showing low
rates of use of triptans among migraine patients, reflecting lack of effectiveness or intoleréhee.
medications studied had different rates and types of side effetitss uncertain how differing rates
of side effects will affect patient use and satisfaction over tirBeigle administration RCTs do not
provide useful information for understanding this.

Although triptans are considered to have safety concerns related to vasoconstrictive effects and,
when used with certain other medications such as S8Rig; arisk of serotonin syndrome,
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decades of use have suggested that thesmplicationamay be extremely infrequent in clinical
practice. In contrast, the newer agents are touted as potentially safer, but we have much less
clinical information to demonstrate lonagrm safety at this time

The effect of the newer therapies on migraine frequency over time is uncedaheard from
multiple stakeholders that decreasing migraine frequemay bean important benefit of these
therapies. However, as discussed above, we do not consideniép that the observed decrease
in migraine frequency is due to the treatments. Additionally, it is unknown whether medication
overuse headache can occur with these treatments and, if so, whether this occurs more or less
frequently than with triptans.

Though migraine is associated with other comorbid conditions and death, it is not known if more
effective medications to treat acute migraine episodes may decrease tlmggerterm risks.

Because of limitations of existing therapies, there are many ithgals in whom no effective,
reliable treatment is available. It is hoped that having more treatments for migraine can reduce use
of opioids and thus the risk for opioid misudeata on this are not yet available.
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3.4 Summaryand Comment

Figure 34. ICER Evidence Rating Matrix

Comparative Clinical Effectiveness
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Lasmiditan, Rimegepant, and Ubrogepant Verdis Additional Migraine
Specific Acutdreatment (Placebo) or Triptans (Sumatriptan and Eletriptan)

Results from clinical trials and from our NMAs suggest that lasmjditaegepant and ubrogepant
decrease symptoms of migraine attacks and improve function compared to plaéelvoharms
were seen in thesingledosetrials of lasmiditanrimegepantand ubrogepant.However, lasmiditan
showeda higherincidence of CNS related AEg(edizziness, somnolence, paresthggiahe
clinical trials Below, we provide summary of the evidence for each drug.

Lasmiditan

1 EfficacRCTs)Results fronsingledoseclinical trials suggest a greater proportion of
patients achieved freedom fromgn (OR 1.£2.6), relief from pain (OR 1Z5), freedom
from MBS QR1.4-1.9), and ability to function normally (OR 1.7) at two hours post dase
well assustainedreedom frompainat 24-and 48hours(OR1.3-2.8) with lasmiditan
compared withplacebo.

1 Efficacy NMA): Resuls suggest higher proportion of patients olasmiditanachievedpain
freedom(OR 1.43and pain relie{OR1.151.16)at two hourscomparedto rimegepant and
ubrogepant, however, these were not statistically significa@dmpared to triptansalesser
proportion of patients on lasmiditan achieved freedom from pain (C84) andrelief from
pain (ORD.61) at two hours post doseersus eletiptan; the resultsversus sumatriptan
followed the samdrend butwere not statistically significant

1 Safety: Lasmiditashoweda higherincidence of TEAE compared to placébsingledose
trials, althoughthe majority were mild or moderate in intensitySpecifically, there was a
higher incidence of CNS related AEs, wi#tziness the most commomMMA results suggest
a higher incidence of TEAE comparediteegepant, ubrogepant antliptans. In the
ongoing 12month extension study12.8% of patients discontinued the trial due to adverse
events.

Rimegepant

1 EfficacRCTs)Results fronsingledoseclinical trials suggest a greater proportion of
patients achieved freedom from pain (OR-2.2), relief from pain (OR 119), freedom
from MBS QR1.5-1.8), and ability to function normally (OR 1.7) at two hours post dase
well assustained freedonfrom painat 24 and 48hours(OR1.7-3.2) with rimegepant
compared with placebo.

1 EfficacyNMA): Reslts suggesno significant differences betweaimegepantcompared to
ubrogepant (OR 1.0@nd lasmiditan (see aboveh pain feedom and pain relief at two
hours However, compared to triptanggsser proportion of patients achieved freedom
from pain (OR 080.51) andrelief from pain (OR 62-0.73) at two hours post dose with
rimegepant compared with triptans.
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1 Safety: Rimegepant was generally well tolerated indimgledosetrials, showinga similar
rate of TEAE compared to placeddMA resultsalsosuggestomparableinciderce of TEAE
relative o ubrogepant ad triptans,and a lower incidence compared to lasmiditan the
ongoing 12month extension study?2.7% of patients discontinued the trial due to adverse
events

Ubrogepant

1 EfficacRCTs)Results fronsingledoseclinical trials suggest a greater proportion of
patients achieved freedom from pain (OR-2.0), relief from pain (OR 7-1.8), freedom
from MBS QR1.4-1.7), and ability to function normally (OR5) at two hours post dose, as
well as sustaineffeedom from pain at 2dours OR1.6 ¢ 2.0) with ubrogepantcompared
with placebo. In addition, supplemental podtoc analyses show a delayed benefit with
ubrogepant compared with placebo between two and four hours.

1 Efficacy NMA): Results suggesho significant differences betweenbrogepantcompared to
rimegepant (OR 1.00) ana@smiditan(see abovepn pain freedom and pain relief at two
hours However, compared to triptans, lesser proportion of patients achieved freedom
from pain (OR 080.52) andrelief from pain (OR 62-0.73) at two hours post dose, with
ubrogepantcompared with triptans.

1 Safety:Ubrogepantwas generally well tolerated in the singlese trials, showing similar
rate of TEAE compared to placeddMA results also suggest comparable incidence of TEAE
relative torimegepantand triptans, and a lower incidence compared to lasmiditemthe
ongoing 12month extension study, 2% of patients discontinued the trial due to adverse
events.

Hence, we ragd the evidence as follows:

Population 1For adults (18 years and older) with moderatvere migraine attacks that have not
responded to norprescription medicines and for whom triptans have not been effective, are not
tolerated, or are contraindicated:

1 We consider the evidence on lasmiditan, rimegepant and ubrogepant compared to placebo
G2 06S GaAYONBYSyGlrtf 2N oSUGGSNE 6. b0X RSY2YAaGN
substantial health benefit, with a high certainty of at least a small net healtlefiten

Population 2For adult§18 years and olderyith migraine attacks that have not responded to Ron
prescription medicinegand are eligible to use triptans)

1 Based on the results of the NMAimegepant and ubrogepant appear to be less efficacious
thantriptans (sumatriptan and eletriptgrbut have comparablghort-term adverse events
Thus, ve consider the evidence on rimegepant and ubrogepant compared to triptans to be
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GO2YLI NI of S-)zédndordstyating Nddeatkcertairity that the comptive net

health benefit is either comparable or inferioFor lasmiditan, the results of the NMAs

suggest it is less efficacious thiaiptans. However, compared to sumatriptan, the NMéds

not exclude comparable efficacyn terms d adverse events, thBIMA results suggest a

higher incidencavith lasmiditancompared to triptans.Thus,we consider the evidencen
lasmiditancompared totriptanstobed O2 YLJI NI} 6 f S-)2NJ AYFSNA2NE 0o/

For dl adults with migraine attacks

 WeconsiderKS S@ARSYyOS 2y NAYS3IASLIyYyd FyR dzo NR3ISLI
demonstrating a high certainty of a comparable net health bené&far lasmiditan, the
results of the NMAs suggestiitay beslightly more efficacious than rimegepant and
ubrogepant. Howeve, the NMAs do not exclude comparable efficaBatients treated
with lasmiditan had more adverse events and more of them discontinued treatment than
patients treated withrimegepant or ubrogepantWe believeany possible greater efficacy
of lasmiditanis at best balanced iyese adverse evenasnd may be outweighed by them,
and thuswe consider the evidence on lasmiditan compared to rimegepant and ubrogepant
G2 06S aO02YLI NIBES 2N AYFSNA2NE o/

Table3.20. ICER Ratings on the Comparative Net Health Benefit of Interventions versus
Comparators

Population Population 1 Population 2

Population 1 Patients with migraineattacks that have not responded to ngmmescription medicines anfibr
whom triptans have not been effective, are not tolerated, or are contraindicated

Population 2:Patientswith migraineattacks thathave not responded to neprescription medicines (and are
eligible to use triptans)
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Table3.21. ICER Ratings dhe Comparative Net Health Benefit of Interventions versus Each
Other

Note: The table should be read rete-column. For examplethere is moderate certainty that the point estimate
for comparative net health benefit of lasmiditan is either comparable or inferismi@gepant (6. Conversely,
there is moderate certaintpf conparable, small osubstantial health benefit, with at least a highrtainty of at
least a comparable health benefif Rimegepant compared to lasmiditdG+).
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4. LongTerm Cost Effectiveness

4.1 Overview

The primary aim of this economawaluation was testimatethe costeffectivenesf lasmiditan,
rimegepant, and ubrogepant fdhe acute treatment of migrain@sing ade novadecision analytic
model The outcomes of interest included the incremental cost per qualityisted life year
(QALYpained, lifeyears gainedequal value of life years gained (evLYadnd cost per hour of
migraine pain avoided. An analysis of the incremental cost per egliN€uded in this report to
complement the cost per QALY calculations and provide policymakers with a broader view of cost
effectiveness. A description of the methodology used to derive the evLYG can be found in Appendix
E. Bsmiditan, rimegepant, andonogepantwere compared with each other arid three

comparators in separate analyses representing two distinct populatios the first comparison,

we evaluatedlasmiditan, rimegepant, and ubrogepant to each other and to no additional migraine
specificacute treatment. For the purpose of this review, no additional migraspgecific acute
treatment was estimated by the placebo arms of the clinical trials, although we recognized that in
the realworld, patients may uspreviouslyfailed or untried over-the-counterand prescription
treatments for acute migrainancluding analgesicg-or the second comparisowge evaluated
lasmiditan, rimegepant, and ubrogepant to each other and to two triptans: sumatriptan and
eletriptan. Sumatriptan was chosen because it is one of the most widely used tsiptatinical
practice; and eletriptan, a newer triptan, was shown in a recettvork metaanalysis to be one of
the most efficacious and well toleratedince these new agents under review are all orally
available, we focused our comparison of triptans on the oral formulatiétiscosts and outcomes
were discounted at a rate oR8. For this aim, the basease analysis was conducted using a health
care sector perspective (i.e., focus on direct medical care costs only) andyg@avtimehorizon.
Longer time horizons and productivity gains with treatment were considered in Soesaalyses.

The model was developed in Microsoft Excel 2016 (Redmond, WA).

4.2 Methods

Model Structure

For the coskffectiveness analysis, we developedeanovosemiMarkov model with timevarying
proportions of patients with response to treatmenthe model was informed by a network meta
analysis of key clinical trials and prior relevant economic modgsiematic literature reviews, and
input from diverse stakehokts (patients, advocacy groups, clinicians, payers, researchers, and
manufacturers of theeagents). The basease used a US health sector perspective. Costs and
outcomes were discounted at 3% annuallhe model cycle was 48 houased on the typical
duration of clinical trials evaluatingcute migraindreatments
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https://icer-review.org/wp-content/uploads/2018/12/QALY_evLYG_FINAL.pdf

The model evaluated two hypothetical cohodbpatientsrequiring acute treatment for migraine
all being treatedwith lasmiditan, rimegepant, ubrogepant, asual care in the first popui@an and

all being treatedwith lasmiditan, rimegepant, ubrogepant, sumatriptam,eletriptanin the second
population.

As shown in the model schemagl€igure 4.}, simulated patients entered the mod&éroughone of

two Markov states, 0Ontreatment, no migrainé  ®Nfredtmentwith migrain& ¢ I OO0O2 NRAyYy 3
the averagedaily probability of having a migraine in the targabpulation (i.e, 4.8 migraines per

month, corresponding to a probability @.316 migrainesn each48-hour period).

Thosepatientsenteringthe dOn treatment, with A I NJ A Y S ¢  eeteNdd th&assigndd i S
acute initial treatmentfor migraine(i.e., lasmiditan, rimegepant, ubrogepant, sumatriptan,
eletriptan, orusual carg. Initial treatmentresultedin some proporton of patients achieving
complete resolution of migraine pain (pain freedom), an improvement in migraine pain without
complete resolution (pain relief), or no improvement in migraine paieaah offour time points: 2,
8, 24, and 48hours.

Over time, patients were allowed to discontinue treatment due to side effecisufficient

effectiveness For patients who discontinued treatment due to side effectspiéhth treatment

specific discontinuation rates were useBorpatientswho discortinued treatmentdue to

insufficient effectiveness G KS LINR L2 NI A2Y 2F LI GASyida NBYFAYAY
YAINI AYySé al Nl 2@ adlidS 6K2 NBOSAOGSRtomSYySTAG FNER
proportion of patients who received benefit frometatment constant over timeSince the absolute
STFSOUAGBSYySaa 3IlLAya 2F LI GASyda NBYFAYAYy3 Ay (K
known, this estimate was subjected to a modifier that was set at 80fdll benefit for the base

case.

PatSy 1a 6K2 RAAO02YUAYdzSR GNBI (Y Bo/YiA TN AWASAED A22NJ SaRh T
GNBFGYSyids 6A0K YAINIAYSE alNy2@ aidlidSa | O02NRA
derived from Brandes et a&.The model wa designed with the assumption that patients who
RA&AO2YyUAYdz$SR UNBFGYSYyld é2dzZ R y2i NBlOGdNYy (2 SAGK
GNBIFGYSydsz gAlGK YxINIASYSIA AINByRA (ARIYERI B SigSSy
YAINI AYSNBHYIRSYFRET gih O K YA I NI awrdoe prababliti & BavingO 02 NR A
a migraineevery 48 hours, similar to those on the initial treatment.
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Figure 4.1. Model Framework

On treatment, _ - On treatment,
no migraine - with migraine
Off treatment, _ o Off treatment,
no migraine - v with migraine

Target Population

The population of focus for the economic evaluation waesprevalent cohort of individuals the
United States (US)ged 18 years and over experiencing migraines requiring acute tregtmuih
or without aura as specified by tHaternational Classifi¢teon of Headache Disorde(eCHD 3
diagnostic criterid® Two separate cohorts of patientgere evaluated usinglifferent
comparators. Thefirst cohortwas comprised gbatients who ha migraine attacks thatlid not
respond to norprescription medicines and for whom triptansdaot been effectiveywere not
tolerated, orwere contraindicated Thesecondcohortwas comprisel of patients who ha
migraine attacks thatlid not respondadequatelyto non-prescription medicinessuch as non
steroidal antiinflammatory agents In this cohort, comparisswere madeamonglasmiditan,
rimegepant,andubrogepantandtwo commonly used oratiptans with different effectiveness and
cost, sumatriptan and eletriptamgpresenting a range of triptan medicatianshe laseline patient
characteristics are presented in Table 4.1.
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Table 41. BaseCase Mo&l Cohort Characteristics

Baseline Characteisics
Mean Age, years (SD) 40.8 Croop 201%
2.0 Lipton 2019

Migraine Days per Month at Baseline [R:%:] Doty 2019

Treatment Strategies

Interventions included intle models were lasmiditan 16800 mg, rimegepant 75 mg, and
ubrogepant 58100 mg. The comparators depended on the population being evaluatad.
Population 1(i.e., patients in whom prior treatment with noprescription medicines failed and for
whom triptanswere noteffective,were not tolerated, or wee contraindicated)the interventions
were compared with each other and witlsual care, represented by the placebo arm from clinical
trials. In Population2, the interventions were compared with eaokther and with sumatriptan 50
100 mg and eletriptan 40 mg.

Key Model Characteristics and Assumptions

The model required several assumptions. Key model assumptions and rationale for the
assumptions are presented in table 4.2.

Table4.2. Key Model Assumptins

Mortality is not associated with acute treatment for = There have been no demonstrated mortality benefit:

migraine. with treatment of migraine pain and other symptoms
Studies evaluating new migrainkedrapies were either
shortterm single episode studies or na@ontrolled
open label studies and were not designed to
demonstrate changes in migraine frequency with

Acute treatment of migraine with lasmiditan, treatment. Longerterm, uncontrolled, operabel
rimegepant, ubrogepant, and triptans does not affec studies suffer from a possible placeboesff and a
migraine frequency. high likelihood that regression to the mean may affe

0 KS &l dzR Sipald shiddgedetidedcesugges
that migraine frequency and/or characteristics are
modified with acute treatments for migraine, this
assumption will be reevaluated.

Compared with many other chronic conditions
modeled using Markov models, migraine onset is
rapid,and resolution occurs quickhysince costs are
incurred with each treatment and benefits are
observed immediately, we believe that a twear
time horizon will be sufficient to estimate a stable
incremental coseffectiveness ratio for the acute

A two-year time horizon is sufficient to estimate the
costeffectiveness of acute treatments for migraine.
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Patients who have discontinued treatment received
some other medication with a response similar to
those in the placebo arm from clinical ifxls.

Patients receiving no benefit from treatment
discontinued the medication in the first year of
treatment only. There was no discontinuation for
lack of effectiveness in the second year of the mode

Patients who did not respond to acute treatments fo
migraine were assumed to have moderate or severe
pain, in proportion to what was observedt baseline.

Adverse drug events last for Bours.

treatment of migraine.We will test this assumption
by extending the time horizon to 5 years and
determining whether the costffectiveness of
therapies appreciably change.

This analysis was intended to evaluate the cost
effectiveness of new acute treatments for migraine.
Since there are a variety of medications available fo
acute migraine, with varying effectiveness and ¢ost
that could be used in the event that patits
discontinued one of the new acute treatments, there
was no single alternative available for the mod&he
discontinuation rates of the new treatments appear |
be relatively similar from single arm continuation
safety studies, so the impact of thissumption is
expected to be minimalln addition, the cost and
effectiveness of the acute treatment used for those
who discontinue lasmiditan, rimegepant, and
ubrogepant will be subjected to a twway sensitivity
analysis to determine the potential impaot this
assumption on the costffectiveness results.

Data describing treatment discontinuation due to lac
of effect was obtained from a study in which follow t
lasted for 12 month&® It is unlikely that tle majority
of patients receiving no or suboptimal benefit would
continue taking a medication beyond 12 months.

Sufficiently detailed data evaluating those who did n
respond was not uniformly available from clinical
trials. This assumption was necessary to assign utili
values to those who did not respond to therapy.

Symptoms of drowsiness, dizziness, fatigue, and
paresthesia were more frequent than placebo with
certain acute treatments of migrainelhe mean time
that patients suffered from these treatmemmergent
adverse events was not described in studigsorder
to determine QALYSs lost due tieeatment-emergent
adverse eventsa duration of the event had to be
assumed.
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Discontinuation probability and reasons for
discontinuationare not reported for acute treatments
for acute migraine.This study described
discontinuation reasons but did not include a categc
stating whether discontinuation was for lack of
effectiveness.Given the other categories for
discontinuation, thisc&8 32 N® 2 F a LJ G .
likely to represent patients who did not derive benef
from treatment. Assuming patients would continue
GNBIFGYSy iz S@Sy 6KSy Al
the analysis against lasmiditan, rimegepant, and
ubrogepant, whercompared to usual care.
The impact of migraine on productivity is important t
patients. However, clinical trials did not evaluaterko
productivity. Studies that have evaluated work
productivity have assessed the impact of migraine o
If a migrainetreatment resulted in migraine pain of = productivity (primarily absenteeism) but have not
ay 2 LI Ay$¢ 2 NJhausApeRoniduld y assessed the impact of treatment and time to pain
be able to work and/or symptom relief on productivity. This
assumptia was necessary to apply results of
productivity studies in migraine patients to this mods¢
for the scenario analysis evaluating a modified socie
perspective.

5Aa02ydAydzr iA2ya RdzS G2
GLADIATOR study represent discontinuations due t
lack of treatment effect®® Given the similarity in
treatment response amondasmiditan, rimegepant,
and ubrogepant we assumed that treatment
discontinuation due to lack of effectiveness would bt
similar.

Model Inputs
Clinical Inputs

Shortterm clinical inputs for the effectiveness of acute treatments for migraine and the
comparators were derived from a network meamalysis of clinical trials evaluatifggmiditan,
rimegepant, ubrogepantsumatriptan, and eletriptan compared with p&wmo and with each other,
where such studies exiedl. Forthe FinalReport, there were no changes to how the effectiveness
of lasmiditan was assessed at 2, 8, 24, and 48 haAiter evaluation ofnew data provided on
ubrogepant(via personal communication witAllergar) assessing its impact on treatment
outcomes after 2 bursin patients who had not had relief prior to that poimlirect comparative
datawere usedin the Final Repotto estimate an increased benefit to patients taking rimegepant
and ubrogepant at the 8, 24, and 48 hour time points for the basse compasons with usual

care. The network metaanalysis results were still used for thén@ur time point. As direct
comparative data on the effect of rimegepant and ubrogepant versus triptans at 8, 24, and 48 was
not available, data from the network me&nalyss were used to estimate the effects of rimegepant
and ubrogepant on pain at these time points, as was done in peimions of the Bport.
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Clinical Probabilities/Response to Treatment

The decision model was evaluated over a{year time horizon with 4&our cycles. The

probability of having a migraine in each cycle was estimated using the number of migraine days per
month from patients enrolled in clinical trial®Vithin each cycle, the proportions of patients with
severe, moderate, mild, or no pairene evaluated at baseline, 8, 24, and 48 hours using data

from clinical trials.Patientswithout migraine had no pain for the enti#8-hour cycle. Patients

with migraine started in severe or moderate pain, derived from the average proportions of patients
with moderate or severe pain at baseline from clinical trifllables 4.3Population 1)and 4.4

(Population 2show thecalculatedproportions of patients withno, mild, moderate, and severe pain

at baseline, 2, 8, 24, and 48 hours that were used in the model.

Two-hour response in both populations, all treatments

Two-hour response to acute treatments for migram@asestimated using data directly from clinical

trials included in a network metanalysis described earlier in this repofithe proportion of

LI ASyta 6K2 gSNB LI AYy FNBS Ay Of Ayahourtimed NA I £ &
point. Since the proportion of patients who had pain reletlinical trials included those who were

pain free, the proportion who were pain fragassubtracted from those with pain relief to estimate

GKS LINRPLER2NIOAZ2Y 2F LI GASyda sdbdejuentimepaiftsRThask A y ¢ |
who did not hae a response in clinical trials were assumed to have moderate or severe pain, in
proportion to what was observed at baseline.

Response at 8, 24, and 48 hours in both populations for all treatments other than rimegepant and
ubrogepant

In clinical trials ealuating lasmiditan, rimegepant, and ubrogepant, some patigrts responded

at two hours subsequentlpst response to treatment between 2 and 24 houfi$e proportion of
patients who did not lose response at 24 hours were considered to have maintaspdnse over

that time. For the proportion of patients who did lose response as estimated in the network-meta
analysis, we assumed the maximal proportion lost response at eight hours with a linear loss from
two to eight hours.After eight hours, we assued that patients regained response such that at 24
hours the patients who had lost response had the same response rate as in the placebo response
from Dodick!?? This return of response was assumed to be linear from eight to 24 hdlirs.

patients responding at 2 hours were also assumed to have response at 48 hours.

Patients who did not respond &atvo hours were similarly assumed to achieve response at eight and
24 hours as per the placebo response from Dodfiéith linear achievement of response between
two and eight hours, and then a separate linear response between eight and 24 Response at

48 hours was similarly calculatég adding all twehour responders to the placebo response for
non-responders at two hoursThe proportion of patients with moderate or severe migraine pain
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wascalculatedoy multiplying the proportion of nomesponders (i.e 1 - responders) a, 8,24, and
ny K2dz2NB 6@ GKS LINPLERNIAZY IZNR R SASNB aLIgA Vi K

Response at 8, 24, and 48 hours in population 1 (compared with usual care) in patients taking
rimegepant or ubrogepant

As discussed in thdinical section abovenalyses provided by the manufacturer of ubrogepant
(Tabk 3.6) showed delayed benefiof the initial study drugt four hours for patients who had not
had benefit at two hoursFurther analyses were used to estimale relativerisk for this increased
effectiveness at 8, 24, and 48 hoydata on file) A risk ratio o-wasappliedto the 8-hour
timepoint, [ for the 24hour timepoint, and | for the 48-hour timepoint (date on file). For
those who did not respond atours, these risk ratios were applied to the placebo response rates
used for other treatments from Dodick? as described above, to adjust for this observed increased
response over timeNote that for those who responded to treatment at 2 hourdy@ur response
was calculated as described above.

Tabk 4.3. TreatmenResponseUsed inBaseCaseModel for Population 1

Level of
Migraine Pain at| Lasmiditan | Rimegepant| Ubrogepant | Usual Care
Timepoints, %

Baseline (0h), %
None
Mild
Moderate
Severe

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
66.6 66.6 66.6 66.6
33.4 33.4 33.4 33.4

2h, %
None
Mild
Moderate
Severe

280 21.0 21.0 11.0
30.0 33.0 33.0 24.0
28.0 30.6 30.6 43.3
14.0 15.4 154 21.7

8h, %
None
Mild
Moderate
Severe

24h, %
None
Mild
Moderate

Severe

48h 81.8 82.4 82.4 77.4
None 12.4 12.9 12.9 13.6
Mild 3.8 3.1 3.1 5.9

59.5 71.8 71.4 53.5
29.9 23.6 23.7 32.8
7.1 3.1 3.2 9.1
3.5 1.6 1.6 4.6

74.3 76.4 76.4 68.3
19.0 19.5 19.5 21.5
4.4 2.7 2.7 6.8
2.2 1.4 14 3.4
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Moderate 1.9 1.6 1.6 3.0
Severe

Table 44. TreatmentResponseUsed inBaseCase Mdel for Population 2

Level of
Migraine
Pain at Lasmiditan | Rimegepant [ Ubrogepant | Sumatriptan Eletriptan
Timepoints,
%
Baseline
(Oh), %
None
Mild
Moderate
Severe
2h, %
None
Mild
Moderate
Severe

8h, %
None
Mild
Moderate
Severe

24h, %
(\[o]g[<]
Mild
Moderate
Severe

48h
None
Mild
Moderate
Severe

Probability of migrainerelated provider office, emergency room, and hospital visits

The probability of having migrairelated provider office visits or of beirgimitted to the

emergency department or hospital were determined for patients with persistent pain, derived from
Silberstein et aP*andshown in Table 4.5To estimate the probability of having a migrairedated
provider office, emergency, or hospital visit during a migrathese rates were divided by the
baseline number of migraines with severe headache pain per yadhe model, provider office,
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emergency department, and hospital visits were assumed to occur only in patients who had
migraine pain lasting 12 hour#\ ratio of having moderate or severe pain at 12 hours with a specific
treatment compared with placebwas used to adjust the likelihood of requiring@vider office,
emergency departmenir hospital visitdue to migraine.Therefore, more effective therapies
reducing headache pain at 12 hours resulted in fewer health care visits than did less effective
therapies.

Table 45. NonTreatment Dependent Values Used to Calculate Model Event Probabilities

Per Migraine
Model Input 12-Month Value g " Source
Probability

Mean Number of MigraineRelated
0,
Health Care Provider Visits 2.2 3.8%
Mean Number of MigraineRelated Silberstein
.. 1.2 2.1%
Emergency Department Visits 201803

Mean Number of Migraine-Related
Hospitalizations

0.4 0.7%

Discontinuation

Treatment discontinuation probabilitiedue to lack of responseere derived from the GLADIATOR
longterm safety study of lasmiditatf2 S F a3 dzySR G KIF &G aLI GASYyd NBIjdzSa
patients who discontinued the medication for lack of effeBiscontinuation was primarily due

GLI GASYd NBIljdzSade &@aasmyiongterm daa oh tre@neit i S SISy
discontinuation due to lack of effectivenesgre notavailable for other treatmentsSince

lasmiditan, rimegepant, and ubrogepant all show similar effectiveness, we assumed that
discontinuation for lack of effectiveness woulsobe similar amongll treatments. We also
assumed that discontinuation of triptans due to lack of effectiveness was the same as that of the
newer acute treatments for migraineDiscontinuation due to lack of effectivenesas set tad0%

after one year.

Treatmentspecificdiscontinuationrates due to adverse drug events were obtained from longer

term observational studie¥#%°° We assumed that adverse events were not related to patient
response.Therefore patientsdiscontinuing treatment due to an adverse event wereportionally
removed from all response categories (i.e. pain free, pain relief, anedegponders).

Discontiruation due to adverse drug events was set to 0% after two years in the sensitivity analysis
evaluating longer time horizons.

Mortality

Therapies for migraine have not demonstrated differences in mortality, nor has a mechanism for
differential survival with the current treatments been proposebh addition, the model used a
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