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ABSTRACT

Introduction: Medications for preventive treat-
ment of migraine reduce migraine frequency,
usually measured by a reduction in monthly
migraine days (MMD), but generally do not
eliminate the need for acute treatment. To assess
the economic impact of treatment-related
reductions in frequency, methodological guid-
ance recommends capturing cost differences
along the spectrum of MMD.
Objective: Characterize monthly migraine medi-
cationcostsalongthespectrumofMMDforpatients
using calcitonin gene-related peptide (CGRP) mon-
oclonal antibodies (mAbs) for prevention.
Methods: Medicaid State Drug Utilization Data
(SDUD) were used to identify formulations and
per-unit costs for oral, intranasal, and parenteral
migraine-specific medications for acute and

preventive treatment used by fee-for-service (FFS)
Medicaid enrollees in 2020. National drug codes of
relevant therapies were used to match SDUD to
formulation characteristics including substance,
route of administration, and branded/generic
marketing status. Mean per-unit cost and the for-
mulation’s share of total prescriptions were esti-
mated. Monthly medication costs were modeled
based on formulations’ per-unit costs and fre-
quency of acute medication use during clinical
trials of CGRP mAbs.
Results: In the SDUD, there were 563,338 pre-
scriptions for migraine-specific acute medications;
triptans accounted for 97.37%. Triptan formula-
tions prescribed were 83.78% oral tablet, 10.89%
orally disintegrating tablet, 2.60% intranasal, and
2.73% parenteral. Dihydroergotamine accounted
for\1% of total prescriptions and had the highest
per-unit cost ($443.50, branded intranasal). There
were 97,119 prescriptions for CGRP mAbs, the
majority for erenumab (45.73%) or galcanezumab
(45.24%). Modeled monthly acute and preventive
medication costs ranged from approximately $550
in patients with the fewest MMD treated with oral
triptans to [$1500 in patients with the most
MMD treated with dihydroergotamine.
Conclusion: In consideration of the migraine-
specific acute medications used in FFS Medicaid
2020, for patients using CGRP mAbs for pre-
vention, medication costs may vary signifi-
cantly with the number of breakthrough attacks
treated per month and the type of migraine-
specific acute therapy used.
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Key Summary Points

Why carry out this study?

Preventive treatment of migraine aims to
reduce the number of days per month with
migraine (monthly migraine days [MMD]),
but it rarely eliminates the need for acute
treatment of occasional ‘‘breakthrough’’
attacks.

Recent methodological guidance on
economic evaluation of preventive
treatments for migraine recommends
modeling costs varying across the full
spectrum of migraine frequency; however,
existing evaluations of calcitonin gene-
related peptide (CGRP) monoclonal
antibodies (mAbs) generally model only
mean costs by ranges of MMD.

We analyzed medication costs across the
spectrum of MMD, for Medicaid patients
on preventive treatment with a CGRP
mAb and acute treatment of breakthrough
attacks with a migraine-specific acute
medication, to provide cost estimates to
inform future economic evaluations.

What was learned from the study?

Based on the types of acute treatments used
in fee-for-service (FFS) Medicaid in 2020,
modeled monthly medication costs ranged
from approximately $550 in patients with
the fewest MMD treated with orally
administered triptans to[$1500 in those
with the most MMD treated with
dihydroergotamine.

For patients with migraine taking CGRP
mAb preventive treatment, the cost of
acute treatment may vary significantly
with the frequency of breakthrough
attacks and the type of migraine-specific
acute medication used.

INTRODUCTION

Migraine is a chronic neurologic condition
characterized by recurrent attacks of headache
featuring unilateral, pulsating or throbbing pain
generally exacerbated by physical activity and
accompanied by nausea and/or vomiting and
sensitivity to light or sound [1]. In the USA, an
estimated 47 million people have migraine [2].
Migraine-related disability has negative effects
on performance at work and in school and on
participation in and enjoyment of social life; it
is the most common cause of years lived with
disability in people younger than 50 [3]. The
burden of migraine falls most heavily on young-
adult and middle-aged women (aged 18–44),
and people who are unemployed, elderly, or
disabled; those with family income less than
$35,000 per year have also been observed to be
disproportionately affected [4].

Medications for migraine are typically dis-
tinguished as acute or preventive. Those used
for acute treatment, which are taken to alleviate
migraine pain and associated symptoms and to
restore ability to function during a migraine
attack [5], can be non-specific or migraine-spe-
cific. Non-specific agents include simple anal-
gesics (e.g., aspirin, acetaminophen),
nonsteroidal anti-inflammatory drugs (NSAIDs,
e.g., ibuprofen, naproxen), opioid analgesics,
butalbital-containing analgesic products, and
over-the-counter combinations of analgesics
including caffeine (e.g., aspirin ? ac-
etaminophen ? caffeine) [5]. Migraine-specific
medications include drugs developed and
approved for the treatment of migraine: sero-
tonin agonists (triptans, lasmiditan); dihy-
droergotamine (DHE); and calcitonin gene-
related peptide (CGRP) receptor antagonists
(rimegepant and ubrogepant) [5, 6]. Clinical
guidance recommends that acute treatments be
offered to all patients with migraine [7], and
they remain recommended for treating attacks
(as necessary) with use of a preventive therapy
[5].

Medications for the preventive treatment of
migraine, which are intended to reduce attack
frequency, severity, duration, and associated
disability, as well as to improve response to
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acute treatment [5], are typically recommended
when patients experience frequent or severely
disabling attacks [5]. Estimates suggest that
nearly 40% of patients with migraine, including
almost all of those with chronic migraine, may
benefit from preventive treatment [8]. Histori-
cally, however, few patients with migraine
(3–13%) used preventive treatment, mainly due
to inadequate efficacy and poor tolerability [9].
A newer class of preventive treatments, CGRP
monoclonal antibodies (mAbs), includes four
agents: erenumab, fremanezumab, and gal-
canezumab given as a subcutaneous injection,
and eptinezumab given as an intravenous
infusion [10]. Efficacy of preventive treatment is
commonly assessed on the basis of reduction in
migraine frequency, expressed in days per
month with headache (monthly headache days,
MHD) and/or days per month with migraine
(monthly migraine days, MMD). Response to
treatment may be considered on the basis of a
threshold percentage reduction in MMD (e.g.,
by 30% or 50% [11–14]). As a result, the CGRP
mAbs, like traditional preventive medications,
may not eliminate the need for acute treatment
of occasional breakthrough attacks [9, 14–16].

Medicaid is a joint federal and state program
that provides free or low-cost health coverage to
approximately 80 million people in the USA
[17]; eligibility criteria vary by state, but the
program generally covers low-income individ-
uals [18]. As the prevalence and burden of
migraine are higher in Medicaid-insured indi-
viduals than in the general migraine population
[19], effective treatment of people with
migraine has the potential to produce substan-
tial improvements in overall health, productiv-
ity, and quality of life. Medicaid policies for use
of a CGRP mAb for migraine prevention com-
monly require previous trial of and insufficient
response to multiple oral preventive therapies
[20, 21]. Patients who receive them may there-
fore have also had suboptimal experiences with
one or more first-line acute therapies, as clinical
guidelines recommend initiation of preventive
therapy for patients with frequent attacks and
contraindication to, failure of, or overuse of
acute treatments [9]. Contraindication to trip-
tans may be especially common in Medicaid
populations as a result of the high prevalence of

CV risk factors, including hypertension, hyper-
lipidemia, and diabetes [5, 22–24]. Thus, Medi-
caid patients progressing to use of a CGRP mAb
for preventive treatment may also be eligible for
second- or third-line medications for acute
treatment (i.e., non-oral triptan and DHE for-
mulations, gepants, and ditans), the combina-
tion of which could be associated with
considerable costs [6].

Recent research of temporal trends from
2017 to 2020 in utilization and costs of
migraine therapies indicates that while CGRP
mAb use and contribution to overall costs of
therapy have increased over time, triptans
remain the most commonly used migraine-
specific medications [25]. Accurate economic
evaluation of CGRP mAbs for prevention should
therefore account for the costs of triptans and
other acute therapies used for management of
breakthrough attacks. Methodological guidance
on economic evaluation of preventive treat-
ments for migraine [13] recommends modeling
treatment costs varying across the full spectrum
of migraine frequency, rather than only varying
by particular ranges of frequency (e.g., chronic
migraine as C 8 MMD) [13]. However, existing
economic evaluations of CGRP mAbs generally
model mean costs and effects by ranges of
MMD, potentially omitting important variation
along the spectrum of migraine frequency [26].
We therefore sought to characterize the costs of
acute treatment in patients receiving CGRP
mAbs for the preventive treatment of migraine
across the spectrum of MMD in a Medicaid
population.

METHODS

To identify migraine-specific therapies used and
their respective costs per unit (i.e., one oral,
intranasal, or parenteral dose), we used Medi-
caid State Drug Utilization Data (SDUD). The
SDUD are reported on a quarterly basis by the
US Centers for Medicare & Medicaid Services
(CMS), reflecting prescription drug use in states
participating in the Medicaid Drug Rebate Pro-
gram, which specifies the prices Medicaid pays
for drugs [27, 28]. For branded products, Medi-
caid pays either the manufacturer’s best price to
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any wholesaler, retailer, or provider or the
average manufacturer price (AMP) minus
23.1%, whichever is lower. For generic prod-
ucts, Medicaid receives a rebate of 13% of AMP;
there is no best-price option [27]. The rebate
also includes a penalty for price increases
exceeding inflation [27].

This analysis used fee-for-service (FFS) uti-
lization records for 2020. Managed care orga-
nization (MCO) utilization records were
excluded to focus the analysis on pharmacy
costs, independent of the impact of capitated
payments for medical and pharmacy benefits
potentially paid to MCOs [29]. Key variables in
the SDUD used in the analysis were the Medi-
caid amount reimbursed (excluding best-price
rebates), the number of prescriptions, and the
units reimbursed [30].

To identify prescriptions of migraine-specific
acute and preventive therapies in the SDUD, we
searched the US Food and Drug Administration
(FDA)’s National Drug Code (NDC) directory
[31] for the following terms: eptinezumab, ere-
numab, ergotamine, fremanezumab, gal-
canezumab, lasmiditan, rimegepant, triptan, or
ubrogepant. Results of the search were reviewed
to exclude substances without FDA indication
for treatment of migraine (i.e., oxitriptan ther-
apies), then NDCs associated with the remain-
ing substances were compiled into a list of
relevant formulations, and merged onto the
SDUD, yielding a data set containing number of
prescriptions, number of units prescribed, and
Medicaid reimbursed amounts.

The data set was organized by substance
(e.g., eletriptan vs. sumatriptan) and route of
administration (i.e., oral, orally disintegrating
tablet (ODT), intranasal, injection, infusion).
Branded and generic formulations were distin-
guished on the basis of their marketing category
designation in the NDC directory; records des-
ignated as ‘‘NDA’’ (New Drug Application) were
considered branded, and those designated as
‘‘ANDA’’ (abbreviated NDA) or ‘‘NDA authorized
generic’’ were considered generic.

For the analysis, total Medicaid amount
reimbursed, number of prescriptions, and units
reimbursed were calculated for each combina-
tion of substance, route of administration, and
marketing category. Share of migraine-specific

acute prescriptions was calculated as the for-
mulation’s total prescriptions divided by total
prescriptions of acute therapies identified. Share
of migraine-specific preventive prescriptions
was calculated as the formulation’s total pre-
scriptions divided by total prescriptions of pre-
ventive therapies identified. Mean cost per unit
was calculated as the formulation’s total Medi-
caid reimbursed amount divided by the formu-
lation’s total units reimbursed.

Mean cost per unit estimates from the SDUD
were used to determine total cost of preventive
therapy with mAbs, including the cost of acute
therapies used to treat breakthrough migraine
attacks. Monthly use of migraine-specific med-
ication for acute treatment of breakthrough
attacks was estimated on the basis of the results
of post hoc analyses [14] of acute medication
use during three clinical studies of erenumab, a
CGRP mAb, for the preventive treatment of
migraine [32–34]. In these studies, investigators
recorded days on which participants used
migraine-specific acute therapy (triptans or
ergotamine derivatives) and days on which
migraine attacks occurred. The post hoc analy-
sis of these data modeled days per month on
which participants used medication for acute
treatment as a function of MMD and other
covariates, including age, sex, race, treatment
group, prior failed preventive migraine medi-
cation status, and baseline MMD [14]. Since a
meaningful percentage of erenumab-treated
participants reported no use of acute medica-
tion, zero-inflated Poisson regression models
were used to predict usage; robust standard
errors clustered at the patient level were used to
account for repeated measurements per patient
[14]. In the present analysis, because clinical
guidelines recommend against use of migraine-
specific acute medications on 10 or more days
per month because of the risk of medication
overuse [5], but participants in the erenumab
trials were predicted to exceed that threshold
when they experienced more than 22 MMD
[14], the highest number of MMD modeled was
22.

The analysis reported is based on previously
conducted studies and public-use data and does
not contain any new studies with human
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participants or animals performed by any of the
authors.

RESULTS

Approximately 12 million (17%) of 71 million
Medicaid enrollees had FFS coverage in 2020
[35, 36]. Overall, they received 563,338 pre-
scriptions (5.63 million units) for acute treat-
ment with migraine-specific medications and
97,119 prescriptions (0.11 million units) for
preventive treatment with CGRP mAbs. Generic
triptan oral tablets accounted for 80.36% of the
total prescriptions for migraine-specific acute
therapies; the remainder were for non-oral and/
or branded triptans (17.01%), ergotamine-based
therapies (0.88%), and novel acute therapies
(rimegepant, ubrogepant, and lasmiditan)
(1.75%). Note that while rimegepant has been
approved by the FDA for preventive treatment
of episodic migraine since May 27, 2021, its use
was considered as an acute therapy in the
analysis, as the Medicaid SDUD from 2020 pre-
cede rimegepant’s indication for prevention.
Triptan formulations prescribed were 83.78%
oral tablet, 10.89% orally disintegrating tablet,
2.60% nasal spray, and 2.73% injectable. DHE
formulations accounted for 0.87% of all
migraine-specific acute therapy prescriptions,
the majority of which (approximately 80%)
were intranasal versus injected. Migraine-speci-
fic acute and preventive prescription shares and
mean (SD) cost-per-unit estimates are presented
in Table 1.

To model the monthly drug costs along the
spectrum of MMD, the cost-per-unit estimates
presented in Table 1 were grouped into several
classes for ease of interpretation. These include
oral and ODT triptans, intranasal triptans,
injected (SC) triptans, intranasal DHE, injected
DHE, oral ergotamine-based therapies (i.e.,
generic oral ergotamine and ergotamine ? caf-
feine), and novel acute therapies (i.e., rimege-
pant, ubrogepant, and lasmiditan). Of note,
monthly costs of treating breakthrough attacks
with any of the therapeutic categories/formu-
lations in Table 1 may be calculated using the
notes to Table S1 in the Supplementary Mate-
rial. Within each class, the cost per unit

estimates of different formulations were
weighted proportionally to their prescription
share in Table 1. For example, the estimated
mean cost per unit for intranasal triptans
reflects generic intranasal triptans with weight
of 67.19% (i.e., 1.70%/[1.70% ? 0.83%]) and
branded intranasal triptans with weight of
32.81% (i.e., 0.83%/[1.70%? 0.83%]).

Figure 1 presents estimates of the monthly
drug costs of preventive therapy with a CGRP
mAb and migraine-specific medication for acute
treatment of breakthrough attacks along the
spectrum of MMD. Monthly days of migraine-
specific acute therapy use by frequency of
MMD, as reported in the erenumab clinical
studies previously referenced [14], are labeled
along the horizontal axis (e.g., a patient with
8 MMD uses migraine-specific acute therapies
on 2.82 days per month). Costs varied consid-
erably with the type of acute treatment used for
breakthrough attacks, as well as with the fre-
quency of breakthrough for all acute treatments
except oral triptans. Monthly costs of a CGRP
mAb and oral triptans ranged from $552 to
$576 across the spectrum of MMD. Costs were
similar for treatment of breakthrough with
nasal triptans and oral ergotamine-based treat-
ments (ranging from $625 to $1160 across the
spectrum of MMD), and with injected triptans
and novel acute therapies (ranging from $663 to
$1439 across the spectrum of MMD). Costs were
highest with DHE treatments used for break-
through, ranging from $689 to $1606 for
injected DHE formulations and from $958 to
$3628 for nasal DHE formulations across the
spectrum of MMD. See the Supplementary
Material for series of estimated monthly costs
across the spectrum of MMD.

DISCUSSION

This analysis of prescription data for Medicaid
enrollees with FFS coverage in 2020 showed that
approximately 20% of migraine-specific acute
therapy prescriptions were for formulations
other than generic triptan tablets. This estimate
is consistent with previous research in the USA
[37] and England [38] as well as with a US
budget impact analysis of new acute therapies
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Table 1 Prescription shares and cost/unit of migraine-specific therapies, fee for service Medicaid 2020

Therapeutic category
Drug class
Formulation

Share of prescriptions (%) Mean cost per unit (US $)

Acute

Triptansa

Generic oral 80.36 1.84

Generic orally disintegrating tablet 10.54 2.00

Generic intranasal 1.70 44.66

Generic injection 2.53 71.53

Branded oral 1.22 60.81

Branded orally disintegrating tablet 0.06 35.05

Branded intranasal 0.83 80.93

Branded injection 0.13 340.98

Dihydroergotaminea

Generic intranasal 0.66 295.69

Generic injection 0.18 103.72

Branded intranasal 0.03 443.50

Other ergotamine-baseda

Generic oral ergotamine 0.01 59.98

Generic oral ergotamine ? caffeine 0.00 12.62

Serotonin (5-HT1F) agonist

Branded oral lasmiditana 0.07 78.82

CGRP receptor antagonist

Branded ODT rimegepantb 0.64 101.63

Branded oral ubrogepanta 1.04 79.2

Preventive

CGRP monoclonal antibodies

Branded injection erenumabc 45.73 559.22

Branded injection fremanezumabc 9.01 380.67

Branded injection galcanezumabc 45.24 571.17

Branded IV eptinezumabd 0.02 1419.16

CGRP calcitonin gene-related peptide, IV intravenous, ODT orally disintegrating tablet
aMay require an extra dose or rescue medication [44–47]
b1 unit per 24 h [48]
c1 unit per month [49–51]
d1 unit (30-min infusion) per 3 months [52]
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[39] conducted in 2019 by the Institute for
Clinical and Economic Review, suggesting that
15–25% of patients with migraine may progress
beyond first-line migraine-specific acute treat-
ments. Per-unit cost estimates based on Medi-
caid amounts reimbursed indicated that, among
migraine-specific acute therapies, intranasal
DHE is the most expensive followed by
injectable DHE, injectable triptans, gepants
(rimegepant, ubrogepant) and lasmiditan,
intranasal triptans, other oral ergotamine-based
therapies, and oral triptans. The estimated
monthly costs by MMD presented in this study
(see Table S1 in the Supplementary Material,
listing values presented in Fig. 1) may be of use
for future pharmacoeconomic evaluation of use
of migraine-specific therapies.

Medicaid coverage policies for use of an oral
preventive therapy commonly align with those
for trial of a migraine-specific acute therapy
beyond first-line triptans. It is therefore antici-
pated that Medicaid patients using CGRP mAbs
for prevention may also use migraine-specific
acute therapies beyond first-line oral triptans. In
this study, the type of acute medication used for
treatment of breakthrough attacks while using a
CGRP mAb was found to be an important driver
of total monthly medication costs. While

restricting use of migraine-specific medications
to at most 10 days of acute treatment per month
(in accordance with clinical guidance against
medication overuse), at higher levels of MMD,
we found that the cost of medication for acute
treatment exceeded the cost of the CGRP mAb
used for prevention; this was true for DHE at
lower levels of MMD. We also found that
treatment costs were significantly influenced by
baseline MMD. These findings support recent
methodological guidance on pharmacoeco-
nomic evaluation of migraine therapies [13],
recognizing the importance of distinguishing
outcomes and costs associated with interven-
tions across the spectrum of migraine
frequency.

Results of this study have practical relevance
to healthcare decision-making around the
affordable and cost-effective use of migraine
therapies. Previous analyses of clinical studies of
CGRP mAbs for prevention indicate that use of
migraine-specific acute treatments for manage-
ment of breakthrough MMD rises exponentially
with the number of breakthrough MMD [14].
Consequently, as reflected in this study,
patients who do not achieve a desired response
(e.g., 30% or 50% reduction from baseline
MMD) may continue to require frequent use of

Fig. 1 Estimated monthly migraine-specific drug costs for fee for service Medicaid patients on CGRP mAb preventive
therapies. CGRP mAb calcitonin gene-related peptide monoclonal antibody, DHE dihydroergotamine, ODT orally
disintegrating tablet
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migraine-specific acute treatments for manage-
ment of breakthrough attacks, which is associ-
ated with high costs particularly for those with
high baseline MMD and/or use of acute treat-
ment beyond first-line triptans. Despite acute
management of breakthrough attacks, such
patients are likely to continue to experience
significant burden of migraine, as similar
impact on a patient’s ability to function on the
job, at school, at home, and in social situations
has been observed for moderate vs. high levels
of attack frequency (e.g., 10–14 vs. C 15 MHDs)
as measured by the Migraine Disability Assess-
ment Test (MIDAS) and Headache Impact Test
(HIT-6) [40]. Accordingly, clinical guidelines
recommend that to determine treatment con-
tinuation, the clinical benefit of a CGRP mAb
should be assessed after at least 3/6 months of
treatment for those administered monthly/
quarterly, to ensure benefits have been achieved
[5]. Results of this study may help inform deci-
sion-making relating to the optimal duration
and criteria for continuation of preventive
therapy, by providing estimates of the costs of
acute treatment conditional on the number of
breakthrough MMD a patient continues to
experience. Similar research of the variation by
MMD of other important costs and effects, such
as costs of non-pharmacologic healthcare
resource use (in particular, emergency room
visits and hospitalizations) and effects on
patient productivity (i.e., presenteeism and
absenteeism) [41], would help further improve
the accuracy of future economic evaluations of
novel preventive therapies.

This study has certain strengths and limita-
tions. Strengths include the size and the quality
of the SDUD prescriptions data set. Cost-per-
unit results estimated in the analysis were vali-
dated by comparison to wholesale acquisition
costs (WAC) data [42] and annual medication
costs modeled in an economic evaluation of
CGRP mAbs in the USA [43]. Because the anal-
ysis was restricted to individuals covered by FFS
Medicaid, however, generalizations to other
populations should be made with caution.
Estimates may also overstate the net cost of
branded relative to generic drugs because Med-
icaid reimbursements reflect costs before best-
price rebates, which are higher for branded than

generic drugs (because of both statutory
requirements and likely competitive pressures).
At the same time, the cost of acute treatment
may have been underestimated because the
analysis does not account for the use of multiple
units per treatment day. A further limitation
may be that migraine-specific acute medication
use was costed by unit, rather than prescription,
while units are bundled by pack size in real-
world utilization. Finally, the SDUD do not
provide insight into which drugs are most
commonly used for acute treatment by patients
using CGRP mAbs for preventive treatment.
Future research characterizing the types of
migraine-specific acute therapies most com-
monly used by patients on mAbs for prevention
would assist in the interpretation of this study’s
results.

CONCLUSION

Among Medicaid enrollees with FFS coverage in
2020, approximately 20% of prescriptions for
migraine-specific acute treatments were for
medications other than generic oral triptan
tablets, with intranasal DHE and injected DHE
the most costly. For patients with high MMD
prior to initiating a CGRP mAb for preventive
treatment, and using migraine-specific medica-
tion other than a generic oral triptan for acute
treatment of breakthrough attacks, the costs of
acute treatment exceeded those of the CGRP
mAb. Key factors in the economic impact of a
reduction in MMD were MMD prior to use of
the mAb, and the type of migraine-specific
medication for acute treatment used for break-
through attacks.
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