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Objective: To describe 24-month treatment patterns, healthcare resource utilization (HCRU), and direct costs of patients initiating 
galcanezumab (GMB) versus standard of care migraine preventive medications (SOC), stratified by gender and migraine type.
Methods: This retrospective cohort study used Optum’s® de-identified Market Clarity database (September 2018−March 2020) and 
included adults with migraine with ≥1 claim for GMB or SOC. Patients in the GMB cohort were stratified by gender (female/male) and 
migraine type (CM/EM), and propensity score matched 1:1 to patients in the SOC cohort. Treatment patterns, all-cause and migraine- 
related HCRU, and direct costs for GMB versus SOC cohorts were compared using a Z-test and reported over 24 months.
Results: Following stratification and matching, the GMB and SOC cohorts included the following patient pairs: 2015-female, 292- 
male, 1024-CM, and 1282-EM. Treatment adherence, measured by proportion of days covered, and median time to treatment 
discontinuation were significantly greater in those initiating GMB compared with SOC in females, males, patients with CM, and 
patients with EM (all p <0.001). Over 24 months, reduction in migraine-related ambulatory visits, office visits, and medical costs were 
significantly higher in GMB versus SOC cohorts in females and patients with CM. Increases in HCRU associated with preventive 
migraine medication counts and migraine-related total and pharmacy costs were significantly higher in GMB versus SOC cohorts in all 
subgroups.
Conclusion: While direct costs over 24 months were higher in patients initiating GMB for migraine prevention, better adherence and 
longer treatment duration with GMB regardless of gender or migraine type support the use of GMB compared with SOC.

Plain Language Summary:  
What was known before?  

● The risk of migraine is about two to three times higher for women than for men.
● Migraine is broadly classified into episodic migraine (EM, 14 or fewer migraine headache days per month) and chronic migraine 

(CM, at least 15 migraine headache days per month for at least 3 months) based on frequency of monthly migraine headache days. 
Individuals with CM appear to have higher rates of comorbid conditions than those with EM.

● Traditional standard of care migraine preventive medications (SOC) were not specifically developed for migraine treatment, and 
more than half of patients stop using oral medications prematurely.

● Calcitonin gene-related peptide monoclonal antibodies such as galcanezumab (GMB), fremanezumab, erenumab, and eptinezumab 
provide migraine-specific preventive treatment.

● Previous studies with 6-, 12-, and 24-month follow-ups have described the treatment patterns and healthcare resource utilization 
(HCRU) after initiation of GMB versus SOC.
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What does this study add?  

● In this 24-month study, we divided a population of patients starting GMB or SOC for migraine prevention 1) based on their gender 
(female or male) and 2) based on the type of migraine they reported (CM or EM), and compared treatment patterns, HCRU, and 
direct costs.

● Irrespective of gender and migraine type, patients who started GMB used their medicine as prescribed for a longer period of time 
than those who started SOC.

● Irrespective of gender and migraine type, following initiation of GMB, all-cause and migraine-related total costs increased, with the 
increase primarily driven by increased pharmacy costs.

Interpretation  

● Patients with migraine initiating GMB as their preventive treatment are more likely to continue using it for a longer duration 
compared with those initiating SOC, based on better adherence and persistence rates. While total costs were higher in patients 
initiating GMB compared with those initiating SOC, some reductions were observed in HCRU.

● Treatment patterns, HCRU, and direct costs were generally consistent between females and males as well as those with CM and EM.

Keywords: CGRP mAbs, treatment patterns, direct costs, healthcare resource utilization, migraine prevention

Introduction
Migraine is a neurological disorder that is associated with moderate-to-severe headaches which are often accompanied by 
nausea, vomiting, photophobia, and phonophobia.1,2 Migraine is broadly classified into episodic migraine (EM) and 
chronic migraine (CM) based on the frequency of headaches; EM is characterized by ≤14 migraine headache days/month, 
while CM is characterized by ≥15 migraine headache days/month for ≥3 months with the features of migraine on ≥8 
days/month.1 A study reported that most individuals in the United States with migraine had EM (93.3%) as opposed to 
CM (7.7%).3 In general, more individuals with CM have comorbid conditions compared with those with EM.4–6

The risk of migraine in some studies is about 3.25 times higher for females than males.7 In 2018, the age-adjusted 
prevalence of migraine and severe headaches across the adult population in the United States was 15.9%. In addition, the 
prevalence rates were higher for women (21.0%) than men (10.7%).8 The healthcare resource and cost burden associated 
with migraine is high, with migraine-related headaches accounting for approximately 3% of emergency department visits 
and higher annual direct healthcare costs compared with the general population ($22,364 vs $15,697 in 2019 US$).8,9 In 
addition, headache-related direct and indirect costs are significantly greater among individuals with CM than with EM in 
the United States.10,11 In 2015, the mean (standard deviation) total annual cost of headaches among people with CM 
($8243 [$10,646]) was over three times that of EM ($2649 [$4634]; p <0.001).10

Current medications for migraine are categorized into acute medications (for symptomatic relief) and preventive 
medications (to reduce attack frequency, severity, duration, and disability).12 However, most of the standard of care 
preventive medications (SOC) recommended by the American Academy of Neurology (AAN), including antiepileptics, 
beta-blockers, antidepressants, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and α-agonists, 
are not specifically developed for migraine prevention.13 Our understanding of migraine and the unique pharmacological 
property of calcitonin gene-related peptide (CGRP) and its receptors in the trigeminovascular system located outside the 
brain-blood barrier has evolved over the last several decades.2,14 An abundance of preclinical and clinical data has 
supported targeting CGRP or its receptors with antibodies or small molecules, resulting in a paradigm shift away from 
older treatment modalities.15,16

In 2018, the United States Food and Drug Administration approved the first CGRP monoclonal antibodies (mAbs), 
including galcanezumab (GMB).17 These mAbs have shown promising results,16,18 and with the recently approved 
gepants, CGRP-targeting therapies are recommended as first-line migraine prevention therapies by The American 
Headache Society (AHS).15 Initiation of CGRP-targeting therapies should not require trial and failure of nonspecific 
migraine preventive medication.15

With the introduction of these novel therapeutics, it is important to understand the real-world treatment pattern of 
prophylactic therapies used for migraine over time in clinical settings. CM is associated with a greater impact on quality 
of life4–6 and is difficult to treat compared with EM.19–21 Previous studies with 6-, 12-, and 24-month follow-ups have 
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described the treatment patterns22–24 and healthcare resource utilization (HCRU)25 after initiation of GMB versus SOC. 
In our previous study in adults with migraine, patients receiving GMB had lower all-cause and migraine-related office 
visits over a 24-month follow-up period than patients receiving SOC, while total all-cause and migraine-related costs 
were also higher for patients receiving GMB.26

Very little health outcomes data are available on treatment patterns and HCRU/cost with a focus on gender and 
migraine frequency. As migraine is predominantly prevalent in females, important information could have been hidden in 
the much smaller male subpopulation with migraine.27 Similarly, there is an imbalance in the prevalence of EM and CM 
in the US (~9:1).3 The different acute and preventive medications used for EM versus CM impact not only treatment 
patterns but also HCRU and cost.2,28,29 We hypothesized that treatment patterns, HCRU, and cost in people treated with 
GMB or SOC could be different across genders and migraine types and dissimilar to those in the general migraine 
population. In the current study, we aimed to describe long-term (24-month) treatment patterns, HCRU, and costs by 
gender and migraine type in adults with migraine initiating GMB versus SOC using administrative claims data.

Materials and Methods
Study Design and Patient Population
This retrospective, observational cohort study used de-identified data from the Optum® Market Clarity database 
(September 1, 2017−March 31, 2022) in adult patients with migraine who were treated with GMB or SOC in the 
United States.30 The Optum de-identified Market Clarity dataset deterministically links medical and pharmacy claims 
with electronic health record data from providers across the continuum of care. Details of study design, patient selection, 
and medications included in SOC have been previously published.24 As this is an observational study that uses data 
previously collected and does not impose any form of intervention, the data have been de-identified to protect participant 
privacy. Therefore, a formal Consent to Release Information form was not required. This study was conducted in 
accordance with the ethical principles that have their origin in the Declaration of Helsinki and that are consistent with 
Good Pharmacoepidemiology Practices (GPPs) and applicable laws and regulations of the United States.

The date of a first claim for GMB or SOC during the identification period was set as the index date, and the 
medication on the index date was identified as the index drug. The study included adults (aged ≥18 years) diagnosed with 
migraine (ICD-10-CM diagnosis code for migraine in any position on the claim) and initiating either GMB or SOC from 
September 2018 to March 2020 (identification period). Detailed inclusion and exclusion criteria have been previously 
described in detail elsewhere.24 For patients identified with an index date for a SOC who had overlapping days’ supply 
with a subsequent claim for GMB, the first date of the GMB claim was set as the index date.

The study comprised two cohorts: GMB and SOC. The GMB cohort included all patients with GMB as the index 
drug, whereas the SOC cohort included all patients initiating drugs with established efficacy or probable efficacy in 
migraine prevention (as described in the AHS consensus statement 2021), as well as other preventive migraine 
medications, as the index drug (Supplementary Table 1). The patients in the GMB cohort were further stratified by 
gender (female or male) and migraine type (CM or EM), and then propensity score matched in a 1:1 ratio to patients in 
the SOC cohort (Figure 1). Results are presented under each of the four subgroups (female, male, patients with CM, and 
patients with EM) for the GMB versus SOC cohorts.

Outcome Measures
Baseline Demographics and Clinical Characteristics
All baseline demographics and clinical characteristics previously reported in Varnado et al were also reported in the 
current study for the respective cohorts.24 The preventive and acute migraine medications analyzed during baseline and 
follow-up were based on the AAN guidelines, 2012, and the AHS consensus statement, 2021.13,28 Medication overuse 
was estimated by computing the total days’ supply for each of the acute medication classes over the baseline and follow- 
up periods.31,32

Patient Preference and Adherence 2025:19                                                                                       https://doi.org/10.2147/PPA.S492300                                                                                                                                                                                                                                                                                                                                                                                                    545

Varnado et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=492300.docx


Treatment Patterns
Treatment pattern measures included treatment adherence as measured by the proportion of days covered (PDC), 
persistence, discontinuation, restart of index drug after discontinuation, and switching to a non-index drug after 
discontinuation.24 Detailed descriptions of outcome measures are provided in Supplementary Table 2.

HCRU and Direct Costs
In this study, all-cause and migraine-related HCRU, and direct healthcare costs were assessed. Utilization and costs were 
defined as migraine-related if a medical claim had an International Classification of Diseases, 10th Revision, Clinical 
Modification (ICD-10-CM) code for migraine in any position or a pharmacy claim was for a migraine treatment 
(preventive CGRP, SOC, or acute treatment). All-cause and migraine-related HCRU included ambulatory visits (physi-
cian office and outpatient visits), emergency room visits, inpatient admissions, and other medical visits. In addition, 
migraine-related HCRU and direct costs included acute and preventive migraine medication counts/fills and costs, 
respectively (Supplementary Table 2).26 All measures were annualized to per patient per year (PPPY) measures.

Statistical Analysis
Propensity Score Matching
As this was an observational study, propensity score matching was utilized to address selection bias and confounders. 
Unconditional logistic regression was used to estimate the scores. “Receiving GMB” was the dependent variable and the 
independent variables are listed in detail elsewhere.24,33,34 Patients were matched (1:1) with a caliper of ±0.01.35 Cohorts were 
considered balanced on covariates with a standardized difference of ≤10% in absolute value. Patients were hard matched on 

Figure 1 Patient selection flow chart. Conventional preventive treatments for migraine in the SOC cohort included level A drugs (antiepileptic drugs [divalproex sodium, 
sodium valproate, or topiramate], beta-blockers [metoprolol, propranolol, or timolol]), level B drugs (tricyclic antidepressants [amitriptyline or venlafaxine], beta-blockers 
[atenolol or nadolol]), and other nonspecific drug (onabotulinumtoxinA). 
Abbreviations: CM, chronic migraine; EM, episodic migraine; GMB, galcanezumab; N, number of patients remaining at each step; SOC, standard of care preventive migraine 
medications.
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gender and migraine type (CM or EM). Female or male patients with migraine receiving GMB were compared with those 
receiving SOC. Similarly, patients with EM or CM receiving GMB were compared with those with EM or CM receiving SOC.

Significance Level, Hypotheses Testing, and Multiplicity Adjustment
Descriptive analyses were performed before and after matching using frequency (number of patients with percentage, 
n [%]) and mean with standard deviation). Following matching, continuous and categorical variables were statistically 
compared using a Z-test with robust standard errors in an ordinary least-squares regression and Rao-Scott test, 
respectively. All analyses were planned, and significance level was set at two-sided α of 0.05 a priori. No multiplicity 
adjustments were performed. All costs were adjusted to 2022 US$ levels using the Medical Care Component of the 
Consumer Price Index. Analyses were conducted using SAS Software, Version 9.4 (SAS Institute Inc).

Results
Baseline characteristics, treatment patterns, HCRU, and direct costs of the overall population have been previously 
described in detail.24 Across all patients (2307 patient pairs), compared with patients who used SOC, those who used 
GMB showed greater treatment adherence and persistence during the 24-month follow-up.24 Patients receiving GMB had 
lower annualized counts of all-cause and migraine-related office visits and associated costs, and higher total all-cause and 
migraine-related costs compared with those receiving SOC.

Patient Sample and Baseline characteristics—stratified by Gender
The GMB cohort included 2058 female and 305 male patients, while the SOC cohort included 50,449 female and 11,127 
male patients before matching. Following stratified propensity score matching, 2015 female patient pairs and 292 male 
patient pairs were identified in the GMB and SOC cohorts (Figure 1). Most baseline characteristics of female and male 
patients were numerically similar to the overall population and balanced between the GMB and SOC cohorts (Table 1).

Table 1 Baseline Patient Demographics After Matching the GMB and SOC Cohorts Stratified by Gender

Demographics Female Male

GMB 
(N = 2015)

SOC 
(N = 2015)

Std. Diff. 
(%)

GMB 
(N = 292)

SOC 
(N = 292)

Std. Diff. 
(%)

Age in years, mean (SD) 44.4 (12.0) 44.7 (12.6) −2.6 44.6 (12.2) 43.4 (12.4) 10.0

Caucasian, n (%) 1533 (76.1) 1509 (74.9) 2.8 230 (78.8) 210 (71.9) 15.9

Commercial insurance, n (%) 1739 (86.3) 1734 (86.1) 0.7 257 (88.0) 254 (87.0) 3.1

Provider specialty on index claim, n (%)

Neurology 871 (43.2) 875 (43.4) −0.4 122 (41.8) 129 (44.2) −4.8

Primary carea 401 (19.9) 387 (19.2) 1.8 64 (21.9) 53 (18.2) 9.4

Other/unknown/missing 743 (36.9) 753 (37.4) −1.0 106 (36.3) 110 (37.7) −2.8

Geographic region, n (%)

Northeast 340 (16.9) 354 (17.6) −1.8 53 (18.2) 60 (20.6) −6.1

Midwest 696 (34.5) 690 (34.2) 0.6 102 (34.9) 88 (30.1) 10.3

South 719 (35.7) 719 (35.7) 0.0 94 (32.2) 95 (32.5) −0.7

West 163 (8.1) 157 (7.8) 1.1 26 (8.9) 30 (10.3) −4.7

Other/unknown 97 (4.8) 95 (4.7) 0.5 17 (5.8) 19 (6.5) −2.9

Quan-Charlson score (continuous), mean (SD) 0.4 (0.8) 0.4 (0.8) −0.8 0.4 (1.0) 0.4 (0.9) −2.2

Top 5 AHRQ CCS comorbidities, n (%)

Spondylosis; intervertebral disc disorders; other back problems 1051 (52.2) 1054 (52.3) −0.3 127 (43.5) 144 (49.3) −11.7

Other connective tissue disease 1032 (51.2) 1035 (51.4) −0.3 105 (36.0) 138 (47.3) −23.1

Respiratory infections 930 (46.2) 980 (48.6) −5.0 116 (39.7) 111 (38.0) 3.5

Other nervous system disorders 840 (41.7) 896 (44.5) −5.6 112 (38.4) 127 (43.5) −10.5

Other nutritional; endocrine; and metabolic disorders 853 (42.3) 868 (43.1) −1.5 116 (39.7) 110 (37.7) 4.2

Notes: The z-test using robust standard errors in an ordinary least-squares regression was used for continuous measures, and the Rao-Scott test was used for binary 
measures.aIncluded family practice/general practice, internal medicine, pediatrics, obstetrics/gynecology, or geriatrics provider. 
Abbreviations: AHRQ, Agency for Healthcare Research and Quality; CCS, Clinical Classification Software; GMB, galcanezumab; N, number of patients in the cohort; 
n, number of patients in each category; SD, standard deviation; SOC, standard of care preventive migraine medications; Std. Diff., standardized difference.
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Similar proportions of patients in the GMB and SOC cohorts used any preventive or acute migraine medications in 
the female and male subgroups in the baseline period (Figure 2 and 3). During the follow-up, significantly more female 
patients in the GMB cohort used fremanezumab (5.9% vs 3.7%, p =0.001) and significantly fewer used tricyclic 
antidepressants (11.3% vs 34.3%, p <0.001), anticonvulsants (15.0% vs 44.3%, p <0.001), beta-blockers (13.5% vs 
34.6%, p <0.001), or onabotulinumtoxinA (12.4% vs 25.3%, p <0.001), compared with the SOC cohort (Figure 2). 
A significantly greater proportion of female patients in the GMB cohort used oral CGRP antagonists (gepants) (20.6% vs 
10.8%, p <0.001) and serotonin 5-HTF receptor agonists (1.4% vs 0.7%, p =0.016) as acute treatments compared with the 
SOC cohort. In the male subgroup, a significantly smaller number of patients in the GMB cohort used tricyclic 
antidepressants (11.6% vs 33.2%, p <0.001), anticonvulsants (12.7% vs 42.8%, p <0.001), beta-blockers (12.7% vs 
37.7%, p <0.001), or onabotulinumtoxinA (7.9% vs 18.2%, p <0.001), as well as nonsteroidal anti-inflammatory drugs 
(34.3% vs 46.2%, p =0.003) as an acute treatment compared with the SOC cohort (Figure 3). A significantly higher 

Figure 2 Medications used during the 12-month (baseline) and 24-month (follow-up) periods in the matched GMB and SOC cohorts within the female subgroup. Temporal 
comparisons were not conducted. Any result that included less than 12 patients was not reported due to re-identification risk. Proportions of patients were compared using 
the Rao-Scott test for categorical variables. *p < 0.05 between GMB and SOC. 
Abbreviations: CGRP, calcitonin gene-related peptide; DHE, dihydroergotamine; GMB, galcanezumab; mAb, monoclonal antibody; SOC, standard of care preventive 
migraine medications.
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proportion of male patients in the GMB cohort used gepants (16.1% vs 4.1%, p <0.001) as an acute treatment compared 
with SOC.

Treatment Patterns in Patients Receiving GMB Versus Those Receiving SOC—stratified 
by Gender
Index Drug Refill
During the follow-up, female patients in the GMB cohort had twice the number of prescription fills for their index drug 
as in the SOC cohort (mean number of fills: 12.0 vs 6.8; p <0.001; Table 2). Similar to females, male patients in the GMB 
cohort had twice the number of prescription fills for their index drug than in the SOC cohort (11.7 vs 5.7; p <0.001) 
(Table 2).

Figure 3 Medications used during the 12-month (baseline) and 24-month (follow-up) periods in the matched GMB and SOC cohorts within the male subgroup.Temporal 
comparisons were not conducted. Any result that included less than 12 patients was not reported due to re-identification risk. Proportions of patients were compared using 
the Rao-Scott test for categorical variables. *p < 0.05 between GMB and SOC. 
Abbreviations: CGRP, calcitonin gene-related peptide; DHE, dihydroergotamine; GMB, galcanezumab; mAb, monoclonal antibody; SOC, standard of care preventive 
migraine medications.
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Treatment Adherence
Significantly greater treatment adherence was observed among female patients who initiated GMB than those who 
initiated SOC medications as measured by PDC (mean: 48% vs 39%; p <0.001, Table 2). Female patients in the GMB 
cohort were considered significantly more treatment adherent than those in the SOC cohort as measured by PDC ≥80% 
(26.9% vs 21.3%; p <0.001).

During the follow-up, male patients who initiated GMB showed significantly greater treatment adherence than those 
who initiated SOC (mean PDC: 46% vs 32%; p <0.001, Table 2). Significantly more male patients in the GMB cohort 
were considered treatment adherent, as measured by PDC ≥80% than those in the SOC cohort (24.7% vs 16.4%; 
p =0.016).

Persistence and Discontinuation of Index Treatment
Persistence and discontinuation results excluded the patients who were censored at the end of the 24-month period from 
the respective cohorts: n=68 (GMB) and n=56 (SOC). A significantly greater number of days with persistent use of the 
index treatment (allowing for <60-day gaps) was observed in female patients in the GMB cohort than in the SOC cohort 
(mean: 324.4 vs 241.3 days; p <0.001). Significantly fewer female patients in the GMB cohort discontinued treatment 
during follow-up compared with those in the SOC cohort (79.8% vs 84.1%; p <0.001). Likewise, female patients in the 
GMB cohort who discontinued had a longer mean treatment duration before discontinuation than patients in the SOC 
cohort (mean: 221.8 vs 149.1 days; p <0.001) (Table 2). Kaplan-Meier analysis showed that a significantly lower 
proportion (censoring-adjusted) of female patients who initiated GMB discontinued the index treatment at 24 months 
compared with those who initiated SOC (77.3% vs 81.8%; p <0.001) and had a longer median time to discontinuation 
(Figure 4).

Similar persistence and discontinuation were observed in the male subgroup, where six and seven censored male 
patients were excluded from the GMB and SOC cohorts, respectively. Days of persistent use were 306.3 and 202.9 days, 
p <0.001, in the GMB and SOC cohorts, respectively (Table 2). Kaplan-Meier analysis showed that a significantly lower 

Table 2 Treatment Patterns During 24-month Follow-up in Patients With Migraine Prescribed an Index Treatment of GMB or SOC 
Stratified by Gender

Treatment patterns Female Male

GMB 
(N = 2015)

SOC 
(N = 2015)

p-value GMB 
(N = 292)

SOC 
(N = 292)

p-value

Number of index drug fills, mean (SD) 12.0 (8.9) 6.8 (6.7) < 0.001 11.7 (9.0) 5.7 (6.2) < 0.001

Adherence

PDC analysis n = 2015 n = 2015 n = 292 n = 292

PDC, mean 48% 39% < 0.001 46% 32% < 0.001

PDC ≥80% (adherent), n (%) 541 (26.9) 429 (21.3) < 0.001 72 (24.7) 48 (16.4) 0.016

Persistence (60-day gap) analysis n = 1947 n = 1959 n = 286 n = 285

Days of persistent use among all patients, mean (SD) 324.4 (264.7) 241.3 (255.8) < 0.001 306.3 (254.9) 202.9 (235.3) < 0.001

Patients persistent on index drug at end of follow-up, n (%) 393 (20.2) 311 (15.9) < 0.001 51 (17.8) 33 (11.6) 0.033

Discontinuation (60-day gap) analysis n = 1947 n = 1959 n = 286 n = 285

Patients who discontinued index drug during follow-up, n (%) 1554 (79.8) 1648 (84.1) < 0.001 235 (82.2) 252 (88.4) 0.033

Treatment duration following discontinuation in days, mean (SD) 221.8 (188.7) 149.1 (155.5) < 0.001 214.4 (177.5) 133.9 (146.1) < 0.001

Among patients who discontinued index drug (60-day gap) n = 1554 n = 1648 n = 235 n = 252

Patients who restarted index drug during follow-up, n (%) 427 (27.5) 553 (33.6) < 0.001 73 (31.1) 57 (22.6) 0.032

Days from discontinuation date to first restart, mean (SD) 160.6 (122.9) 201.88 (146.8) < 0.001 167.9 (135.7) 192.9 (146.7) 0.319

Patients who switched to non-index drug during follow-up, n (%)a 659 (42.4) 672 (40.8) 0.347 79 (33.6) 80 (31.8) 0.674

Days from index date to first switch, mean (SD) 356.0 (193.9) 323.1 (195.7) 0.002 355.0 (205.8) 274.1 (200.0) 0.014

Notes: The 1:1 propensity score-matched GMB versus SOC cohorts were compared using the Rao-Scott test for categorical variables and the z-test with robust standard 
errors in an ordinary least-squares regression for continuous variables. Time to event was calculated based on the number of patients for whom the event occurred. 
aTreatment switch could have occurred within the calcitonin gene-related peptide class or between different SOC drug classes of preventive migraine treatments. 
Abbreviations: GMB, galcanezumab; N, number of patients included in the analysis; n, number of patients in each category; PDC, proportion of days covered; SD, standard 
deviation; SOC, standard of care preventive migraine medications.
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percentage (censoring-adjusted) of male patients who initiated GMB discontinued their index treatment during follow-up 
compared with those who initiated SOC (80.6% vs 86.3%; p <0.001) (Figure 5).

Restart of Index Drug and Switch to Non-Index Drug After Discontinuation
Significantly fewer female patients in the GMB cohort who discontinued their index treatment during the follow-up 
period (GMB: n=1554; SOC: n=1648) restarted the index drug compared with those in the SOC cohort (27.5% vs 33.6%; 
p <0.001) (Table 2). Among female patients who restarted, those in the GMB cohort had a significantly shorter mean 
time from discontinuation to the first restart of their index drug (160.6 vs 201.8 days; p <0.001). A similar number of 
female patients switched to a non-index preventive treatment. Among female patients who switched, the GMB cohort 
had a longer mean time from the index date to their first switch (356.0 vs 323.1 days; p =0.002) versus the SOC cohort. 

Figure 4 Proportion of patients that discontinued the index drug during the 24-month follow-up period within the female subgroup. The Wald chi-squared test using robust 
standard errors in a proportional hazard model was used for assessing the equality of hazard rates. 
Abbreviations: GMB, galcanezumab; SOC, standard of care preventive migraine medications.
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Among those who switched, a significantly greater proportion of patients who initiated GMB versus SOC switched to 
fremanezumab (11.8% vs 5.2%; p <0.001). Non-index medications switched to are presented in Figure 6.

Contrary to female patients, among male patients who discontinued their index treatment during the follow-up period 
(GMB: n=235; SOC: n=252), significantly more patients in the GMB cohort restarted the index drug compared with 
those in the SOC cohort (31.1% vs 22.6%; p =0.032) (Table 2). Mean time from discontinuation to the first restart of their 
index drug was similar among male patients in the two cohorts. Among male patients who switched (GMB: n=79; SOC: 
n=80) the GMB cohort had a longer mean time from the index date to their first switch (355.0 vs 274.1 days; p =0.014) 
versus the SOC cohort (Table 2).

Figure 5 Proportion of patients that discontinued the index drug during the 24-month follow-up period within the male subgroup. The Wald chi-squared test using robust 
standard errors in a proportional hazard model was used for assessing the equality of hazard rates. 
Abbreviations: GMB, galcanezumab; SOC, standard of care preventive migraine medications.
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Figure 6 Switch to non-index preventive migraine drug class among patients who switched treatment in the GMB versus SOC cohorts during the 24-month follow-up 
period within the subgroup of (a) females, (b) males, (c) patients with CM, and (d) patients with EM. Treatment switch could have occurred within the calcitonin gene- 
related peptide class or between different SOC drug classes. Proportions of patients were compared using the Rao-Scott test for categorical variables. Any result that 
included less than 12 patients was not reported due to re-identification risk. *p < 0.05 between GMB and SOC. 
Abbreviations: CM, chronic migraine; EM, episodic migraine; GMB, galcanezumab; N, number of patients who switched to a non-index drug; SOC, standard of care 
preventive migraine medications.
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HCRU and Direct Costs in Patients Receiving GMB Versus Those Receiving SOC— 
stratified by Gender
All-Cause HCRU and Costs
No significant differences were observed between the cohorts from baseline to follow-up in mean change in all-cause 
HCRU (Figure 7).

For female patients, the mean change in PPPY total all-cause costs from baseline to follow-up was significantly 
higher in the GMB cohort than in the SOC cohort ($5641 vs $2249; p =0.003) (Figure 8), which was primarily due to 
a greater change in pharmacy costs ($5317 vs $514; p <0.001). Costs related to office visits were lower in the GMB 
versus SOC cohort ($52 vs $669; p =0.002). Similarly, in the male subgroup, the greater mean change from baseline in 
PPPY total all-cause costs ($5512 vs $286; p =0.007) in the GMB cohort compared with the SOC cohort was primarily 
due to a greater change in pharmacy costs ($4819 vs $1157; p <0.001).

Migraine-Related HCRU and Costs
Female patients in the GMB cohort showed significantly greater change from baseline to the follow-up in PPPY 
migraine-related ambulatory visits (−0.5 vs −0.1; p =0.004), office visits (−0.5 vs −0.1; p =0.004), and preventive 
migraine medication count (7.4 vs 4.8; p <0.001) compared with the SOC cohort (Figure 9).

Figure 7 Change in all-cause (non-inpatient) PPPY HCRU for the GMB versus SOC cohorts, from baseline to follow-up.Office visits is a subcategory of ambulatory visits.*p 
< 0.05 between GMB and SOC. 
Abbreviations: CM, chronic migraine; EM, episodic migraine; ER, emergency room; GMB, galcanezumab; HCRU, healthcare resource utilization; PPPY, per patient per year; 
SOC, standard of care preventive migraine medications.
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Mean change in PPPY migraine-related total costs from baseline to follow-up was significantly higher in the GMB 
cohort than in the SOC cohort for females ($4815 vs $1589; p <0.001), likely due to a greater change in pharmacy costs 
($48,694 vs $789; p <0.001), which included preventive and acute migraine medication costs (Figure 10). However, the 
increase in PPPY medical costs was significantly higher in the SOC cohort compared with the GMB cohort (p =0.039).

The GMB cohort showed significantly greater changes from baseline to the follow-up in preventive migraine 
medication count (7.1 vs 4.1; p <0.001) and in total costs ($4491 vs $758; p <0.001) in the male subgroup compared 
with the SOC cohort (Figure 9 and 10). Change in pharmacy costs for the GMB and SOC cohorts were $4359 and $675, 
p <0.001, respectively.

Patient Sample and Baseline characteristics—stratified by Migraine Type
After stratified propensity score matching, 1024 patient pairs with CM and 1282 patient pairs with EM were identified in 
the GMB and SOC cohorts (Figure 1). After matching, GMB and SOC cohorts were generally well balanced in both the 
CM and EM subgroups (Table 3).

Figure 8 Change in all-cause (non-inpatient) PPPY direct costs for the GMB versus SOC cohorts, from baseline to follow-up.Total costs include medical and pharmacy costs. 
*p < 0.05 between GMB and SOC. 
Abbreviations: CM, chronic migraine; EM, episodic migraine; GMB, galcanezumab; HCRU, healthcare resource utilization; PPPY, per patient per year; SOC, standard of 
care preventive migraine medications.
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During the baseline period, significantly more patients used anticonvulsants and beta-blockers compared with the 
SOC cohort in the CM subgroup (Figure 11). During follow-up, significantly more patients with CM in the GMB cohort 
used fremanezumab (7.5% vs 5.2%, p =0.013) compared with the SOC cohort, and significantly less patients used 
tricyclic antidepressants (12.0% vs 30.6%, p <0.001), anticonvulsants (14.2% vs 39.0%, p <0.001), beta-blockers (14.7% 
vs 30.8%, p <0.001), onabotulinumtoxinA (17.2% vs 44.5%, p <0.001), or erenumab (11.0% vs 14.0, p = 0.044) 
(Figure 11). A significantly greater proportion of CM patients in the GMB cohort used gepants (23.8% vs 13.9%, 
p <0.001) as an acute treatment compared with the SOC cohort. During baseline, no significant differences were 
observed between GMB and SOC cohorts in the EM subgroup (Figure 12). During follow-up, in the EM subgroup, 
significantly more patients in the GMB cohort used fremanezumab (4.1% vs 2.6%, p = 0.037) compared with the SOC 
cohort, and significantly less patients used tricyclic antidepressants (10.8% vs 37.0%, p <0.001), anticonvulsants (15.1% 
vs 48.2%, p <0.001), and beta-blockers (12.3% vs 38.5%, p <0.001) (Figure 12). During follow-up, acute medication use 
in the EM subgroup was similar to that of the CM subgroup.

Figure 9 Change in migraine-related PPPY HCRU for the GMB versus SOC cohorts, from baseline to 24-month follow-up. Office visits is a subcategory of ambulatory visits. 
*p < 0.05 between GMB and SOC. 
Abbreviations: CM, chronic migraine; EM, episodic migraine; ER, emergency room; GMB, galcanezumab; PPPY, per patient per year; SOC, standard of care preventive 
migraine medications.
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Treatment Patterns in Patients Receiving GMB Versus Those Receiving SOC—stratified 
by Migraine Type
Index Drug Refill
Patients in the GMB cohort had twice the number of prescription fills for their index drug as the SOC cohort in both CM 
(mean number of fills: 11.9 vs 6.2; p <0.001) and EM (11.9 vs 6.9; p <0.001) subgroups (Table 4).

Treatment Adherence
Using PDC, the study found a significantly higher rate of adherence in patients who initiated GMB than those who 
initiated SOC in the CM subgroup (mean: 48% vs 40%; p <0.001) (Table 4). Similar trends were observed in the EM 
subgroup. As measured by PDC ≥80%, a significantly greater proportion of patients with EM in the GMB cohort were 
considered treatment adherent than in the SOC cohort (27.5% vs 19.2%; p <0.001) (Table 4).

Persistence and Discontinuation of Index Treatment
Persistence and discontinuation results excluded the censored 31 patients with CM from the GMB cohort and 27 patients 
with CM from the SOC cohort at the end of the follow-up period (Table 4). Patients in the GMB cohort who discontinued 
had a longer mean treatment duration before discontinuation than patients in the SOC cohort (all p <0.001) (Table 4). 
Kaplan-Meier analysis showed that a significantly lower percentage of patients with CM who initiated GMB 

Figure 10 Change in migraine-related PPPY direct costs for the GMB versus SOC cohorts, from baseline to 24-month follow-up: (a) change in migraine-related HCRU. 
Total costs include medical and pharmacy costs. *p < 0.05 between GMB and SOC. 
Abbreviations: CM, chronic migraine; EM, episodic migraine; GMB, galcanezumab; PPPY, per patient per year; SOC, standard of care preventive migraine medications.
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discontinued their index treatment during follow-up versus those who initiated SOC and patients initiating GMB had 
a longer median time to discontinuation (both p <0.001) (Figure 13).

Persistence and discontinuation results in the EM subgroup excluded the censored 43 and 36 patients from the GMB 
and SOC cohorts, respectively. Days of persistent use were 321.7 and 224.5, p <0.001, in the GMB and SOC cohorts, 
respectively (Table 4). The censoring-adjusted percentage of patients with EM who discontinued their index treatment at 
24 months was significantly lower in the GMB cohort compared with the SOC cohort (77.2% vs 83.1%; p <0.001) 
(Figure 14).

Restart of Index Drug and Switch to Non-Index Drug After Discontinuation
Similar proportions of patients with CM restarted their index drug or switched to a non-index preventive treatment in 
both cohorts (Table 4). Among patients with CM who switched (GMB: n=386; SOC: n=396), those in the GMB cohort 
had a longer mean time from the index date to their first switch (CM: 355.1 vs 312.3 days; p =0.002) versus the SOC 
cohort. Among those who switched, significantly more patients in the GMB cohort switched to fremanezumab compared 
with the SOC cohort (13.5% vs 6.6%; p =0.001) (Figure 6).

Among those who discontinued their index treatment during the follow-up period in the EM subgroup, significantly 
fewer patients in the GMB cohort restarted the index drug (p =0.033) and had a significantly shorter mean time from 
discontinuation to first restart (p <0.001) compared with the SOC cohort (Table 4). Patients with EM who switched in the 
GMB cohort had a longer mean time from the index date to their first switch (p =0.026) versus the SOC cohort. (Table 4). 
Among those who switched, significantly more patients in the GMB cohort switched to fremanezumab (9.1% vs 3.9%; 
p =0.006) and to onabotulinumtoxinA (13.6% vs 8.2%; p =0.019) compared with the SOC cohort (Figure 6).

Table 3 Baseline Patient Demographics After Matching the GMB and SOC Cohorts Stratified by Migraine Type

Demographics Chronic Episodic

GMB 
(N = 1024)

SOC 
(N = 1024)

Std. Diff. 
(%)

GMB 
(N = 1282)

SOC 
(N = 1282)

Std. Diff. 
(%)

Age in years, mean (SD) 45.0 (12.1) 44.5 (12.1) 4.1 43.9 (11.9) 44.5 (12.9) −4.9

Female, n (%) 895 (87.4) 895 (87.4) 0.0 1119 (87.3) 1119 (87.3) 0.0

Caucasian, n (%) 797 (77.8) 771 (75.3) 6.0 965 (75.3) 948 (74.0) 3.1

Commercial insurance, n (%) 877 (85.6) 883 (86.2) −1.7 1118 (87.2) 1104 (86.1) 3.2

Provider specialty on index claim, n (%)

Neurology 530 (51.8) 534 (52.2) −0.8 463 (36.1) 470 (36.7) −1.1

Primary carea 131 (12.8) 119 (11.6) 3.6 333 (26.0) 321 (25.0) 2.2

Other/unknown/missing 363 (35.5) 371 (36.2) −1.6 486 (37.9) 491 (38.3) −0.8

Geographic region, n (%)

Northeast 205 (20.0) 197 (19.2) 2.0 188 (14.7) 217 (16.9) −6.2

Midwest 375 (36.6) 341 (33.3) 7.0 422 (32.9) 437 (34.1) −2.5

South 298 (29.1) 331 (32.3) −7.0 515 (40.2) 483 (37.7) 5.1

West 99 (9.7) 105 (10.3) −2.0 90 (7.0) 81 (6.3) 2.8

Other/unknown 47 (4.6) 50 (4.9) −1.4 67 (5.2) 64 (5.0) 1.1

Quan-Charlson score (continuous), mean (SD) 0.4 (0.9) 0.4 (0.8) 5.0 0.4 (0.8) 0.4 (0.8) −5.8

Top 5 AHRQ CCS comorbidities, n (%)

Spondylosis; intervertebral disc disorders; other back problems 571 (55.8) 579 (56.5) −1.6 607 (47.4) 619 (48.3) −1.9

Other connective tissue disease 540 (52.7) 557 (54.4) −3.3 596 (46.5) 616 (48.1) −3.1

Respiratory infections 487 (47.6) 486 (47.5) 0.2 558 (43.5) 605 (47.2) −7.4

Other nervous system disorders 471 (46.0) 486 (47.5) −2.9 481 (37.5) 537 (41.9) −8.9

Other nutritional; endocrine; and metabolic disorders 425 (41.5) 449 (43.9) −4.7 544 (42.4) 529 (41.3) 2.4

Notes: The z-test using robust standard errors in an ordinary least-squares regression was used for continuous measures, and the Rao-Scott test was used for binary 
measures.aIncluded family practice/general practice, internal medicine, pediatrics, obstetrics/gynecology, or geriatrics provider. 
Abbreviations: AHRQ, Agency for Healthcare Research and Quality; CCS, Clinical Classification Software; GMB, galcanezumab; N, number of patients in the cohort; 
n, number of patients in each category; SD, standard deviation; SOC, standard of care preventive migraine medications; Std. Diff., standardized difference.
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HCRU and Direct Costs in Patients Receiving GMB Versus Those Receiving SOC— 
stratified by Migraine Type
All-Cause HCRU and Costs
No significant differences were observed between cohorts in mean change from baseline to follow-up in all-cause HCRU 
(Figure 7).

For patients with CM, the mean change in PPPY all-cause total costs from baseline to follow-up was significantly 
higher in the GMB cohort than in the SOC cohort ($5646 vs $1558; p =0.044) (Figure 8) which was primarily due to 
a greater change in pharmacy costs ($5273 vs -$138; p <0.001).

For patients with EM, change from baseline to follow-up was similar across the cohorts in all-cause events except 
office visits (GMB: −1.49 vs SOC: −0.10; p =0.019 (Figure 7). Over the follow-up, in patients with EM, mean change in 

Figure 11 Medications used during the 12-month (baseline) and 24-month (follow-up) periods in the matched GMB and SOC cohorts within the CM subgroup.Temporal 
comparisons were not conducted. Any result that included less than 12 patients was not reported due to re-identification risk. Proportions of patients were compared using 
the Rao-Scott test for categorical variables. *p < 0.05 between GMB and SOC. 
Abbreviations: CGRP, calcitonin gene-related peptide; CM, chronic migraine; DHE, dihydroergotamine; GMB, galcanezumab; mAb, monoclonal antibody; SOC, standard of 
care preventive migraine medications.
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PPPY all-cause total costs was greater in the GMB cohort than in the SOC cohort ($5597 vs $2353; p <0.001), which was 
again primarily due to a large change in pharmacy costs ($5231 vs $1182; p <0.001) (Figure 8).

Migraine-Related HCRU and Costs
The GMB cohort showed significantly greater change from baseline to the follow-up in PPPY migraine-related 
ambulatory visits (−0.7 vs −0.1; p =0.003), office visits (−0.6 vs 0; p =0.003), and preventive migraine medication 
count (7.6 vs 4.8; p <0.001) in the CM subgroup (Figure 9). In the CM subgroup, the mean change in PPPY migraine- 
related total costs from baseline to follow-up was significantly higher in the GMB cohort than in the SOC cohort ($4532 
vs $2479; p =0.003), due to a greater change in pharmacy costs ($4868 vs $916; p <0.001) (Figure 10). Over the follow- 
up, change in PPPY medical costs was statistically different between the GMB and SOC cohorts (-$336 vs $1564; 
p <0.001).

Figure 12 Medications used during the 12-month (baseline) and 24-month (follow-up) periods in the matched GMB and SOC cohorts within the CM subgroup.Temporal 
comparisons were not conducted. Any result that included less than 12 patients was not reported due to re-identification risk. Proportions of patients were compared using 
the Rao-Scott test for categorical variables. *p < 0.05 between GMB and SOC. 
Abbreviations. CGRP, calcitonin gene-related peptide; DHE, dihydroergotamine; EM, episodic migraine; GMB, galcanezumab; mAb, monoclonal antibody; SOC, standard of 
care preventive migraine medications.
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The GMB cohort showed significantly greater change from baseline to the follow-up in PPPY migraine-related 
preventive migraine medication count (7.2 vs 4.6; p <0.001) in the EM subgroup (Figure 9). Mean change in PPPY 
migraine-related total costs from baseline to follow-up was significantly higher in the GMB cohort than in the SOC 
cohort ($4965 vs $690; p <0.001), which was due to a greater change in pharmacy costs ($4477 vs $663; p <0.001).

Discussion
This study compared real-world treatment patterns and HCRU of migraine patients treated with GMB versus SOC over 
24 months stratified by gender and migraine type. Our findings demonstrated that, irrespective of gender and migraine 
type, patients who initiated GMB in general were significantly more adherent and persistent to the index drug than those 
who initiated SOC. These findings in the respective subgroups, as well as other treatment patterns including discontinua-
tion, restart of index medication, switching to a non-index preventive treatment, and the type of non-index medication 
switched to were consistent with those of the overall population.24 In general, irrespective of gender and migraine type, 
mean changes in PPPY total all-cause and migraine-related costs were significantly higher in the GMB cohort than in the 
SOC cohort, which was driven by increased pharmacy costs.

After propensity score matching, female and male subgroups and CM and EM subgroups in the GMB and SOC 
cohorts were well balanced. Minimal differences were observed in baseline medications taken by patients in the different 
subgroups. Consistent with results from previous studies,23,36–38 the most commonly initiated class of SOC in the current 
study was anticonvulsants followed by beta-blockers, and tricyclic antidepressants. While prescribing patterns can 
depend on individual factors such as the frequency and severity of migraines, the presence of other medical conditions, 
and the patient’s response to previous treatments,39 recommendations do not state gender itself as a sole determinant and 
results in this study are consistent with this. While some patients with EM can be managed with effective acute therapy 
and without preventive treatment, patients with CM invariably require preventive treatment.40,41 However, based on 
treatment patterns seen in our study, prescribing patterns seem generally similar in patients with CM or EM.

Table 4 Treatment Patterns During 24-month Follow-up in Patients With Migraine Prescribed an Index Treatment of GMB or SOC 
Stratified by Migraine Type

Treatment Patterns Chronic Episodic

GMB 
(N = 1024)

SOC 
(N = 1024)

p-value GMB 
(N = 1282)

SOC 
(N = 1282)

p-value

Number of index drug fills, mean (SD) 11.9 (8.8) 6.2 (6.1) < 0.001 11.9 (9.1) 6.9 (7.0) < 0.001

Adherence

PDC analysis n = 1024 n = 1024 n = 1282 n = 1282

PDC, mean 48% 40% < 0.001 48% 37% < 0.001

PDC ≥80% (adherent), n (%) 260 (25.4) 231 (22.6) 0.121 352 (27.5) 246 (19.2) < 0.001

Persistence (60-day gap) analysis n = 993 n = 997 n = 1239 n = 1246

Days of persistent use among all patients, mean (SD) 322.1 (262.0) 251.5 (255.8) < 0.001 321.7 (264.6) 224.5 (251.2) < 0.001

Patients persistent on index drug at end of follow-up, n (%) 192 (19.3) 163 (16.4) 0.077 251 (20.3) 181 (14.5) < 0.001

Discontinuation (60-day gap) analysis n = 993 n = 997 n = 1239 n = 1246

Patients who discontinued index drug during follow-up, n (%) 801 (80.7) 834 (83.7) 0.077 988 (79.7) 1065 (85.5) < 0.001

Treatment duration days, mean (SD) 224.3 (188.7) 158.0 (157.2) < 0.001 218.0 (186.1) 138.6 (151.6) < 0.001

Among patients who discontinued index drug (60-day gap) n = 801 n = 834 n = 988 n = 1065

Patients who restarted index drug during follow-up, n (%) 223 (27.8) 264 (31.7) 0.095 277 (28.0) 346 (32.5) 0.033

Days from discontinuation date to first restart, mean (SD) 176.6 (139.7) 198.5 (143.4) 0.09 149.6 (110.0) 202.8 (149.3) < 0.001

Patients who switched to non-index drug during follow-up, n (%)a 386 (48.2) 396 (47.5) 0.775 352 (35.6) 356 (33.4) 0.33300

Days from index date to first switch, mean (SD) 355.1 (196.1) 312.3 (193.9) 0.002 356.7 (194.3) 324.1 (199.8) 0.026

Notes: The 1:1 propensity score-matched GMB versus SOC cohorts were compared using the Rao-Scott test for categorical variables and the z-test with robust standard 
errors in an ordinary least-squares regression for continuous variables. Time to event was calculated based on the number of patients for whom the event occurred. 
aTreatment switch could have occurred within the calcitonin gene-related peptide class or between different SOC drug classes of preventive migraine treatments. 
Abbreviations: GMB, galcanezumab; N, number of patients included in the analysis; n, number of patients in each category; PDC, proportion of days covered; SD, standard 
deviation; SOC, standard of care preventive migraine medications.
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Significantly more female patients in the GMB cohort used fremanezumab as a preventive treatment compared with 
the SOC cohort and significantly less female and male patients used tricyclic antidepressants, anticonvulsants, beta- 
blockers, or onabotulinumtoxinA. This was not surprising as many patients in the SOC cohort were required to have used 
these medications to be in their cohort. In general, irrespective of the patients’ gender or type of migraine, treatment 
patterns observed in this study were consistent with results from the overall population24 as well as shorter term (6- and 
12-month) follow-up studies.23 These observations establish greater treatment adherence and persistence with GMB with 
fewer discontinuations and switches than with SOC.

This study adds to the existing body of evidence on HCRU and direct costs data,25,26 in which the GMB cohort had 
a significantly lower mean number of PPPY all-cause and migraine-related office visits as well as lower costs associated 
with those visits. Studies showing gender and migraine type differences in HCRU among patients receiving GMB versus 

Figure 13 Proportion of patients that discontinued the index drug during the 24-month follow-up period within the CM subgroup. The Wald chi-squared test using robust 
standard errors in a proportional hazard model was used for assessing the equality of hazard rates. 
Abbreviations: CM, chronic migraine; GMB, galcanezumab; SOC, standard of care preventive migraine medications.
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SOC are not available. It is worthwhile to document observations regarding the migraine-related HCRU and costs in the 
current study. When stratified by gender, female patients in the GMB cohort showed significantly greater change from 
baseline to the follow-up in PPPY migraine-related ambulatory visits and office visits compared with the SOC cohort, 
which was not observed in males. Previous studies have shown that female gender was associated with the initiation of 
preventive medication (odds ratio: 1.181; 95% confidence interval: 1.144, 1.218) and more females sought treatment at 
a headache center and professional medical care for managing migraine.42,43 When stratified by migraine type, for 
patients with EM, change from baseline to follow-up was similar across the cohorts in all-cause HCRU except office 
visits. In addition, the GMB cohort showed significantly greater change from baseline to the follow-up in PPPY 
migraine-related ambulatory visits and office visits relative to SOC, in the CM subgroup. These differences were not 

Figure 14 Proportion of patients that discontinued the index drug during the 24-month follow-up period within the EM subgroup. The Wald chi-squared test using robust 
standard errors in a proportional hazard model was used for assessing the equality of hazard rates. 
Abbreviations: EM, episodic migraine; GMB, galcanezumab; SOC, standard of care preventive migraine medications.
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observed in the EM cohorts and were not surprising as previous studies have shown that CM is more difficult to treat and 
is associated with higher HCRU than EM.4–6,44,45

In the current study, mean change in PPPY total all-cause and migraine-related costs were significantly higher in the 
GMB cohort than in the SOC cohort. Interestingly, females in the GMB cohort had a significantly lower increase in 
migraine-related medical costs compared with SOC, whereas this was not observed in males. A previous study showed 
that a greater proportion of women seek professional medical care for managing migraine than men (65.7% vs 72.4%) 
(p =0.003; odds ratio: 0.71; 95% confidence interval: 0.57, 0.89).43 In addition, our study showed that the change from 
baseline to follow-up in PPPY migraine-related medical costs in patients with CM was significantly different between 
GMB and SOC cohorts; however, this was not observed in those with EM. CM is associated with significantly higher 
economic burden when compared with EM. Previous studies estimated that patients with CM had 2.1 to 4.8 times higher 
medical costs than patients with EM.10,11,46 Despite similar treatment patterns, a lower increase compared with SOC for 
migraine-related medical costs in patients with CM corroborates earlier studies showing CM as being more difficult to 
treat than EM.19–21

In the current study, in all four subgroups, the higher increase in pharmacy costs led to a higher increase in total all- 
cause and migraine-related costs in the GMB cohort. However, although GMB has a higher initial cost, its efficacy and 
reduced adverse effects may render it more economical over time, particularly for patients with chronic migraine who 
have not had adequate relief with SOC.47 Additionally, according to NICE guidance, GMB has been considered cost- 
effective in patients with inadequate response to ≥3 preventive treatments.48

These outcomes may help payers, providers, and patients consider the patients’ gender and migraine type to evaluate 
the value and place in therapy for novel migraine preventive therapies, ultimately improving outcomes and patient 
satisfaction. Improved adherence to migraine medications is important for effective migraine management and ultimately 
leads to better quality of life.39,49 Future studies may help characterize the association between changes in costs and 
treatment utilization patterns, as well as help in understanding differences observed in gender and migraine type 
subgroups. Surveys conducted among patients and providers can aid in addressing the burden associated with preventive 
treatment among migraine patients, benefiting not only patients and providers but also policymakers, payers, and other 
stakeholders. To improve treatment compliance and decrease the burden due to migraine preventive therapies, future 
studies and surveys exploring indirect costs and reasons for continuing, switching, and discontinuing migraine preventive 
treatments in hard-matched populations are needed. Increasing numbers of real-world evidence studies support the use of 
CGRP mAbs and the paradigm shift away from older migraine therapies.50 This involves initiating preventive treatment 
with CGRP mAbs in the early stages of the disease.29 The European multicenter study observed close to 6000 patients 
with high-frequency EM or CM for 6 months and reported more than 50% of patients being good responders and more 
than 25% of them being excellent responders. Gender did not affect the outcome.

Strengths and Limitations
This study is one among the few real-world long-term follow-up studies examining treatment patterns, as well as HCRU 
and costs with GMB. This study of stratified populations adds reliability to the existing data from 6-, 12-, and 24-month 
real-world follow-up studies comparing the treatment patterns and direct costs of GMB and SOC. Moreover, this study 
tackles the inherent selection or confounding bias present in observational studies by employing propensity score 
matching to achieve balance among the cohorts. Propensity score methods allow one to transparently design and analyze 
observational studies, and propensity score matching can yield unbiased estimations of treatment effect even in the case 
of small study samples by paying attention to the choice of variables to be included in the propensity score model.51 In 
the SOC cohort, the study encompassed index drugs with well-documented evidence of efficacy, thus guaranteeing 
meaningful comparisons. This approach avoids potential distortions in results that could arise from including drugs with 
inconsistent or inadequate efficacy. HCRU and direct cost outcomes should be interpreted considering propensity 
matching. In the absence of well-balanced cohorts with similar patient baseline characteristics, greater differences in 
economic outcomes between GMB and SOC initiators may be observed from baseline to follow-up. Stratification 
ensured that the important characteristics of the population affected by migraine were properly represented in the sample 
which, in turn, helped with the generalizability and validity of the study, and helped avoid under-representation bias.
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The study has certain limitations. The sample sizes for males and patients with CM were small; hence, statistical 
significance must be interpreted carefully. The study sample predominantly represents those commercially enrolled in medical 
and pharmacy benefits; therefore, findings may not be generalizable to patients not covered under the above. The data source 
provided only limited clinical information regarding severity, and there was a possibility of misclassification of demographic 
and clinical data due to errors in data coding and/or entry. Since the study relied on claims databases, filled prescriptions might 
not accurately reflect actual patient medication intake; prescriptions that were issued but not filled were not accounted for. 
Additionally, the calculation of treatment adherence or estimates of patients experiencing medication overuse may have been 
complicated by the lack of data on over-the-counter medications. This study examined the treatment patterns of preventive and 
acute medications in accordance with the AHS consensus statement from 2021, however, the most recent AHS position 
statement from 2024 now recognizes CGRP mAbs as a primary approach for migraine prevention, alongside previous first- 
line treatments, without necessitating prior failure of other classes of migraine preventive treatment. Furthermore, outcomes 
related to monthly migraine days were out of scope, therefore are not reported in the current manuscript. Lastly, certain 
medications possess both on- and off-label indications, making it challenging to ascertain the precise indication for which they 
were prescribed. This ambiguity could potentially influence follow-up medication usage and switching outcomes.

Conclusion
Treatment patterns, including adherence and persistence rates, support the utilization of GMB in improving migraine care 
regardless of gender or migraine type. In general, while total costs associated with the use of GMB were higher over 24 
months, there were some reductions in HCRU. Despite similar treatment patterns, females in the GMB cohort had 
a significantly lower increase compared with SOC in migraine-related medical costs which was not observed in males. In 
addition, the change in PPPY migraine-related medical costs from baseline to follow-up was significantly different 
between the GMB and SOC cohorts in patients with CM, however, this was not seen in the EM cohort.
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