Journal of Pain Research Dove

ORIGINAL RESEARCH

Fremanezumab for Chronic Migraine Prevention
in Japanese Patients: Subgroup Analysis from Two
International Trials

Kazumasa Saigoh', Takao Takeshimaz, Masami Nakai 3, Yoshiyuki Shibasaki4, Miki Ishidas,
Xiaoping Ning®, Steve Barash®, Yuki Isogai4, Nobuyuki Koga 7

'Department of Neurology, Kindai University School of Medicine, Osaka, Japan; 2Headache Center, Department of Neurology, Tominaga Hospital,
Osaka, Japan; 3Medical Affairs, Otsuka Pharmaceutical Co., Ltd., Osaka, Japan; “Medical Affairs, Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan;
SHeadquarters of Clinical Development, Otsuka Pharmaceutical Co., Ltd., Osaka, Japan; ¢Teva Branded Pharmaceutical Products R&D, Inc., West
Chester, PA, USA; "Medical Affairs, Otsuka Pharmaceutical Co., Ltd., Tokushima, Japan

Correspondence: Masami Nakai, Medical Affairs, Otsuka Pharmaceutical Co., Ltd., 3-2-27 Otedori, Chuo-ku, Osaka, 540-0021, Japan, Tel +81-80-9026-3806,
Email nakai.masami@otsuka.jp

Purpose: Fremanezumab monoclonal antibody therapy has demonstrated efficacy for chronic migraine (CM) with rapid onset and
good tolerability. This subgroup analysis of two clinical trials (Japanese and Korean CM Phase 2b/3 [NCT03303079] and HALO CM
Phase 3 [NCT02621931]) aimed to evaluate the efficacy and safety of fremanezumab in Japanese patients.

Patients and Methods: Both trials randomly assigned eligible patients at baseline (1:1:1 ratio) to subcutaneous monthly fremane-
zumab, quarterly fremanezumab, or placebo at 4-week intervals. The primary endpoint was the mean change from baseline in the
monthly (28-day) average number of headache days of at least moderate severity during the 12-week period after the first dose of study
medication (analyzed by ANCOVA over 12 weeks and MMRM over initial 4 weeks). Secondary endpoints examined other aspects of
efficacy, including medication use and disability.

Results: A total of 479 and 109 patients were Japanese in the Japanese and Korean CM Phase 2b/3 and HALO CM trials, respectively.
Baseline and treatment characteristics were generally similar between treatment groups for both trials. Results of subgroup analyses for
the primary endpoint according to ANCOVA demonstrated the superiority of fremanezumab over placebo in Japanese patients
(quarterly fremanezumab, p=0.0005; monthly fremanezumab, p=0.0002 in both trials). Results using the MMRM analysis confirmed
the rapid onset of action in this population. Results of the secondary endpoints further supported the efficacy of fremanezumab in
Japanese patients. Fremanezumab was well tolerated with nasopharyngitis and injection-site reactions representing the most common
adverse events in all treatment groups.

Conclusion: Despite the limitations of subgroup analyses, these consistent results confirm the efficacy and tolerability of fremane-
zumab in Japanese patients with CM.
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Introduction

Chronic migraine (CM) is defined as the occurrence of “characteristic headaches on at least 15 days per month for at least 3
months”.! CM has a prevalence of approximately 1-2%,? and negatively affects quality of life and functioning, especially when
headaches are more frequent and severe.® Further, CM can be complicated by headache from overuse of acute medications (eg,
triptans).* Compared with episodic migraine (EM), CM is associated with higher use of medical resources, including headache-
specific medication and healthcare visits, in addition to total costs.>® Therefore, more effective treatments for CM continue to be
needed to reduce the burden of these consequences. Indeed, a Japanese real-world treatment survey cited issues with efficacy more

frequently compared with other issues (eg, compliance, sedation, and long-term safety concerns).’
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Monoclonal antibodies, among the latest treatments in migraine, act either against the calcitonin gene-related peptide
(CGRP) or the CGRP receptor,® and have been developed for both prevention and management of acute episodes.”!”
Fremanezumab, a fully humanized monoclonal antibody, has been extensively investigated for CM and EM. Previously,
a large-scale international phase 3 trial (HALO CM, NCT02621931) in patients with CM found that monthly or quarterly
fremanezumab treatment significantly reduced the average number of headache days of at least moderate severity and
improved the response rate compared with placebo.'' More recently, a phase 2b/3 trial in Japanese and Korean patients
with CM confirmed the efficacy and safety of subcutancous monthly or quarterly fremanezumab compared with placebo
for migraine prevention in this subpopulation.'? In Japanese patients with CM or EM receiving fremanezumab, long-term
safety has also been demonstrated in a 52-week, open-label, randomized, parallel-group trial."?

Confirming the safety and efficacy of drug treatments specifically in Japanese populations is important for local
approval and expansion of population-specific data, which can be efficiently performed using the concept of ethnic
bridging studies.'® Consequently, this subgroup analysis of the abovementioned international and Japanese/Korean

clinical trials (Japanese and Korean CM Phase 2b/3 and HALO CM), included only Japanese patients.

Materials and Methods
Study Design
This subanalysis used two multicenter, randomized, double-blind, placebo-controlled, parallel-group trials in CM
patients: the HALO CM trial (NCT02621931),'' and the phase 2b/3 trial in Japanese and Korean patients
(NCT03303079)."? The HALO CM trial and the phase 2b/3 trial in Japanese patients start and completion dates were
March 22, 2016 and April 11, 2017, and December 19, 2017 and November 30, 2019, respectively. Details of the design,
patient populations, and inclusion/exclusion criteria for each trial have been published previously.'"'?

Written informed consent was obtained from all patients in both trials. Protocols for both trials were approved by the
institutional review board or independent ethics committee/ethics committee of each individual study center as outlined in the

original trials (see Supplementary Tables 1 and 2 for list of independent ethics committees for each trial). Both trials complied with

the principles of the Declaration of Helsinki.

Treatment

Informed consent and initial eligibility screening were conducted at Visit 1. Eligible patients were then randomly
assigned at baseline (Visit 2) to receive monthly fremanezumab, quarterly fremanezumab, or placebo via subcutaneous
injection in a 1:1:1 ratio (Supplementary Figure 1). All groups received a total of 3 doses of study treatment at 4-week

(“monthly”) intervals. Patients in the monthly fremanezumab group received fremanezumab 675 mg as 3 active
injections (225 mg/1.5 mL each) at baseline followed by fremanezumab 225 mg as a single active injection (225 mg/
1.5 mL) at month 1 (Visit 3) and month 2 (Visit 4). Patients in the quarterly fremanezumab group received fremanezumab
675 mg at baseline and placebo as a single 1.5 mL injection at month 1 (Visit 3) and month 2 (Visit 4). Placebo recipients
received three placebo injections (1.5 mL each) at Visit 2 and a single placebo injection (1.5 mL) at Visit 3 and Visit 4.

Outcomes

Post hoc analyses were performed only in Japanese patients using primary and secondary outcome data from both trials. As
described previously in both trials, the primary endpoint was the “mean change from baseline in the monthly (28-day) average
number of headache days of at least moderate severity during the 12-week period after the first dose of study medication”.
Secondary endpoints used in both trials and assessed during the 12-week period after the first dose of study medication were the:
(1) mean change in the monthly average number of migraine days from baseline, (ii) proportion of patients with a >50% reduction
in the monthly average number of headache days of at least moderate severity, (iii) mean change in the monthly average number of
days with use of any acute headache medications from baseline, (iv) mean change in the monthly average number of headache
days of at least moderate severity in patients not receiving concomitant preventive migraine medications from baseline, and (v)
mean change in disability score, as measured by the HIT-6 assessment item from baseline.'> Both trials also assessed safety, which
was analyzed in relation to enrolled Japanese patients only.
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Statistics
An analysis of covariance (ANCOVA) model was used to analyze the primary endpoint with fixed effects being treatment, sex,
country, and baseline preventive medication use and covariates being baseline number of headache days of at least moderate
severity and years since onset of migraines. A mixed-effects model for repeated measures (MMRM) analysis was also applied to
the weekly change in average number of headache days of at least moderate severity over 4 weeks. This allowed assessment of how
rapidly fremanezumab acted in this subgroup with treatment, sex, country, baseline preventive migraine medication use, month and
treatment-by-month interaction included as fixed effects, and baseline value and years since onset of migraine as covariates.
The ANCOVA model was also applied to most secondary endpoints similar to that of the primary endpoint while the Cochran-
Mantel-Haenszel test was applied to proportion of patients with a >50% reduction in the monthly average number of headache
days of at least moderate severity. Differences between each fremanezumab group and the placebo group and two-sided 95%
confidence interval (a Mantel-Haenszel estimator of the difference and its two-sided 95% confidence interval) were calculated.
Data from patients who had monthly variables with <10 days of data and weekly variables with <3 days of data were considered
missing. A headache day of at least moderate severity and a migraine day was normalized to 28 days for the monthly analysis and
7 days for the weekly analysis. Adverse events (AEs) were tabulated by frequency with the incidence rate determined for each
event within groups. All statistical calculations were carried out using SAS version 9.4 (SAS Institute, Cary, NC).

Results

Patient Disposition and Baseline Characteristics

A total of 479 and 109 Japanese patients were included in the Japanese and Korean phase 2b/3 trial (fremanezumab
monthly group, n=159; fremanezumab quarterly group, n=159; placebo group, n=161) and HALO CM trial (fremane-
zumab monthly group, n=38; fremanezumab quarterly group, n=35; placebo group, n=36), respectively. Table 1
summarizes baseline characteristics of Japanese patients enrolled in both trials and demonstrates the similarity between
treatment groups for both trials with the exception of lower baseline concomitant preventive medication use in the
Japanese and Korean phase 2b/3 trial compared with the HALO CM trial.

Efficacy
The primary endpoint (mean change from baseline in the monthly average number of headache days of at least moderate severity
during the 12-week period after the first dose of study medication) by ANCOVA for both trials is shown in Figure 1. Differences

Table 1 Demographic and Baseline Clinical Characteristics of Japanese Patients Enrolled in the Phase 2b/3 Trial of Japanese and
Korean Patients and the HALO Trial

Japanese and Korean Phase 2b/3 Trial HALO Trial
Placebo Fremanezumab Placebo Fremanezumab
(n=161) (n=36)
Quarterly Monthly Total Quarterly Monthly Total
(n=159) (n=159) (n=318) (n=35) (n=38) (n=73)
Age, years, mean (SD) 42.1 (10.2) 43.5 (10.5) 42.6 (10.2) | 43.1 (104) | 458 (l0.1) 44.7 (10.4) 43.6 (8.6) 44.1 (9.5)
Body mass index, mean (SD) 226 (3.4) 222 (34) 23.1 (4.0) 22.7 (3.7) 21.7 (2.8) 223 (3.1) 232 (2.9) 22.7 (3.0)
Female sex, n (%) 137 (85.1) 137 (86.2) 136 (85.5) 273 (85.8) 30 (83.3) 29 (82.9) 30 (78.9) 59 (80.8)
Time since onset of migraine, year, mean (SD) 19.9 (11.0) 20.1 (12.3) 19.5 (12.3) 19.8 (12.3) | 22.3 (14.0) 19.8 (12.4) 21.3 (13.7) 20.6 (13.0)
Preventive migraine medication at baseline®, yes, n (%) 35 (21.7) 35 (22.0) 32 (20.1) 67 (21.1) 12 (33.3) 12 (34.3) 12 (31.6) 24 (32.9)
Number of headache days of at least moderate severity at 13.1 (5.0) 13.1 (5.2) 133 (54) 132 (5.3) 15.1 (5.7) 13.9 (54) 12.6 (5.9) 13.3 (5.6)
baseline®, days, mean (SD)
Number of migraine days at baseline®, days, mean (SD) 14.9 (4.8) 15.0 (4.8) 16.3 (5.3) 15.6 (5.1) 17.7 (5.4) 16.2 (4.9) 15.1 (5.6) 15.6 (5.3)

Notes: *Up to 30% of patients were allowed to use no more than one concomitant preventive migraine medication at a stable dose and regimen during the trial if the medication had
been previously prescribed for migraine or for another indication. However, patients on preventive medication had to be on a stable dose and regimen for at least 2 months of
consecutive use prior to informed consent; *Disease characteristics during 28-day preintervention period (data collected day from screening visit through the day before baseline visitand
normalized to 28 days). Adapted from Sakai F, Suzuki N, Kim BK, et al. Efficacy and safety of fremanezumab for chronic migraine prevention: multicenter, randomized, double-blind,
placebo-controlled, parallel-group trial in Japanese and Korean patients. Headache. 2021;61(7):1092—1101.© 202 | The Authors. Headache: The Journal of Head and Face Pain published
by Wiley Periodicals LLC on behalf of American Headache Society. Creative Commons.'?

Abbreviation: SD, standard deviation.
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Figure | Primary endpoint according to ANCOVA analysis for Japanese patients enrolled in the (A) Japanese and Korean phase 2b/3 trial, and (B) HALO trial.
Abbreviations: LSM, least square mean; SEM, standard error of the mean.

between both fremanezumab treatment groups and placebo were statistically significant. In the Japanese and Korean phase 2b/3
trial, the mean (SE, 95% CI) difference in the primary endpoint compared with placebo was —1.67 (0.48, 95% CI —2.61, —0.74,
p=0.0005) for the fremanezumab quarterly group and —1.81 (0.48, 95% CI —2.75, —0.87, p=0.0002) for the fremanezumab
monthly group. In the HALO trial, corresponding differences in the primary endpoint compared with placebo were —3.1 (0.86,
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95% CI —4.79, —1.39, p=0.0005) in the fremanezumab quarterly group and —3.3 (0.85, 95% CI —4.95, —1.58, p=0.0002) in the
fremanezumab monthly group. In support of this finding, the LSM + SE change in the average number of headache days of at
least moderate severity from baseline by MMRM analysis over 3 months and the initial 4 weeks were also greater in the
fremanezumab quarterly and monthly groups compared with placebo (Figure 2).

Table 2 and Supplementary Table 3 summarize the results of the secondary efficacy endpoints in Japanese patients for

the Japanese and Korean phase 2b/3 trial and HALO trial, respectively. In the subgroup analysis of the Japanese and
Korean phase 2b/3 trial, differences favoring fremanezumab (monthly and quarterly) compared with placebo were all
statistically significant at the level of p<0.05 or greater. Among Japanese patients enrolled in the HALO trial, all
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Figure 2 Changes from baseline in the average number of headache days of at least moderate severity (MMRM analysis) over (A) 3 months and (B) 4 weeks for Japanese
patients enrolled in the Japanese and Korean phase 2b/3 trial. An asterisk denotes p<0.05 and a dagger denotes p<0.0001 for the comparison of fremanezumab monthly or
quarterly with placebo; mixed-effects model for repeated measures (MMRM) analysis.
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Table 2 Summary of Primary and Secondary Endpoints of Japanese Patients Enrolled in the Japanese and Korean Phase 2b/3 Trial

Placebo Fremanezumab
(n=160)
Quarterly Monthly
(n=159) (n=158)
Primary endpoint
Average number of headache days of at least moderate severity during the 12-week
treatment period
Mean change from baseline during 12-week period (SE) —1.95 (0.42) —3.62 (0.42) —3.76 (0.42)
Difference (SE) vs placebo, (95% Cl, p)* —1.67 (0.48), —1.81 (0.48),
(-2.61,-0.74) | (-2.75, -0.87)
p=0.0005 p=0.0002
Secondary endpoints
Monthly average number of migraine days
Mean change from baseline during 12-week period (SE) —2.06 (0.47) —3.54 (0.47) —4.35 (0.48)
Difference (SE) vs placebo, (95% Cl, p)* —1.49 (0.54), —2.29 (0.54),
(—2.55, —0.43) | (-3.36,-1.22)
p=0.0059 p<0.0001
250% reduction in the average number of headache days of moderate or higher severity per
month
Responder rate (%)° 1.9 28.9 29.1
Difference vs placebo, (95% Cl, p)* 17.1 (8.4,25.7) | 17.2 (85, 25.9)
p=0.0002 p=0.0001
Average monthly number of days with use of any acute headache medication
Mean change from baseline during 12-week period (SE) —1.86 (0.42) —3.38 (0.42) —3.37 (0.43)
Difference (SE) vs placebo, (95% Cl, p)* —1.52 (0.48), —1.51 (0.48),
(—2.46, —0.58) | (—2.45, —0.56)
p=0.0017 p=0.0018
Monthly average number of headache days of at least moderate severity in not receiving
preventive medication
N 125 124 126
Mean change from baseline during 12-week period (SE) —2.59 (0.44) —4.01 (0.44) —4.14 (0.44)
Difference (SE) vs placebo, (95% Cl, p)* —1.42 (0.54), —1.56 (0.54),
(—2.49, —0.36) | (—2.62, —0.49)
p=0.0092 p=0.0043
HIT-6 at 4 weeks after the last dose
N 152 150 157
Mean change from baseline during 12-week period (SE) —4.38 (0.64) —6.26 (0.65) —6.08 (0.65)
Difference (SE) vs placebo, (95% Cl, p)© —1.88 (0.74), —-1.70 (0.73),
(—3.34, —0.42) | (-3.14,-0.26)
p=0.0116 p=0.0211

Notes: “ANCOVA model for change from baseline includes treatment, sex, and baseline preventive medication use (yes/no) as fixed effects and baseline value and years
since onset of migraines as covariates. ®Number of subjects meeting responder criteria. “Comparisons were conducted using Mantel-Haenszel estimator stratified by
baseline preventive medication use (yes/no). Adapted from Sakai F, Suzuki N, Kim BK, et al. Efficacy and safety of fremanezumab for chronic migraine prevention: multicenter,
randomized, double-blind, placebo-controlled, parallel-group trial in Japanese and Korean patients. Headache. 2021;61(7):1092—1101. © 2021 The Authors. Headache: The
Journal of Head and Face Pain published by Wiley Periodicals LLC on behalf of American Headache Society. Creative Commons.'?

differences between fremanezumab groups and placebo were also statistically significant with the exception of HIT-6

scores at 4 weeks after the last dose.

Safety

Table 3 and Supplementary Table 4 summarize the AEs observed in Japanese patients from the Japanese and Korean phase 2b/3
trial and HALO trial, respectively. In the Japanese and Korean phase 2b/3 trial subgroup analysis, a similar proportion of patients
in the placebo (30.4%) and fremanezumab (quarterly, 34.0%; monthly, 30.2%) groups had at least one treatment-emergent AE
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Table 3 Adverse Events Overall and in Patients with Incidence of Adverse Events >2% Reported in Any Treatment Group
(for Japanese Patients Enrolled in the Japanese and Korean Phase 2b/3 Trial)

Placebo Fremanezumab
(n=161)
Quarterly Monthly Total
(n=159) (n=159) (n=318)
Patients with at least one TEAE* 103 (64.0) 99 (62.3) 102 (64.2) 201 (63.2)
Patients with at least one TEAE potentially related to study drug 49 (30.4) 54 (34.0) 48 (30.2) 102 (32.1)
Patients with at least one serious adverse event I (0.6) 0 (0.0) I (0.6) 1 (0.3)
Patients with any adverse event leading to discontinuation of the trial 2 (1.2) 0 0 0
Death 0 0 0 0
Patients with adverse events reported in >2% of patients in any group
Injection-site reactions
Erythema 19 (11.8) 22 (13.8) 26 (16.4) 48 (15.1)
Induration 22 (13.7) 19 (11.9) 28 (17.6) 47 (14.8)
Pain 15 (9.3) 20 (12.6) 11 (6.9) 31 (9.7)
Pruritus 5(3.1) 3(1.9) 10 (6.3) 13 (4.1)
Nasopharyngitis 36 (22.4) 38 (23.9) 30 (18.9) 68 (21.4)
Influenza 3(1.9) 2 (1.3) 4 (2.5) 6 (1.9
Back pain 1 (0.6) 1 (0.6) 5(3.1) 6 (1.9
Nausea 1 (0.6) 4 (2.5) 1 (0.6) 5(1.6)
Diarrhea 0 (0.0 4 (2.5) 3(1.9) 7 (22)

Notes: *Treatment-emergent adverse events, any adverse events that occurred after treatment started. Adverse events were collected by coding in MedDRA
version 22.0. Adapted from Sakai F, Suzuki N, Kim BK, et al. Efficacy and safety of fremanezumab for chronic migraine prevention: multicenter, randomized, double-
blind, placebo-controlled, parallel-group trial in Japanese and Korean patients. Headache. 2021;61(7):1092—1101. © 2021 The Authors. Headache: The Journal of
Head and Face Pain published by Wiley Periodicals LLC on behalf of American Headache Society. Creative Commons.'?

potentially related to study drug. In the HALO trial subgroup analysis, the corresponding proportion was lower in the placebo
group (11.1%) than in the fremanezumab quarterly (22.9%) or monthly (31.6%) groups. The most common treatment-emergent
AEs were nasopharyngitis and injection-site reactions. In the Japanese and Korean phase 2b/3 trial, no major differences in the
incidence of these AEs were seen between placebo and fremanezumab groups. However, in the HALO trial, the placebo group had

a lower incidence of some injection-site reactions than the fremanezumab groups.

Discussion
This subanalysis of Japanese patients with CM confirmed the significant differences between fremanezumab and placebo
for the primary endpoint previously noted in the two overall trial populations. Primary endpoint results using the MMRM
analysis over 4 weeks highlighted the rapid onset of action of fremanezumab, which have been noted in separate trials,
including among Japanese and Korean patients.'®!” The numerical differences between fremanezumab and placebo
treatment groups in the primary endpoint were greater in Japanese patients enrolled in the HALO trial than those seen in
the Japanese and Korean phase 2b/3 trial despite both being statistically significant to a similar degree. Placebo response
in terms of primary endpoint efficacy in the overall population of the Japanese and Korean phase 2b/3 trial and the
HALO trial were numerically similar. However, the responses to placebo among Japanese patients enrolled in both trials
were numerically lower than those observed in the overall population. The numerically lower response to placebo in the
HALO trial may have affected the size of the effect produced by fremanezumab, but the cause of this is unknown.
For secondary endpoints, the HALO trial population was small and the number of Japanese patients from the
Japanese and Korean phase 2b/3 trial alone was adequate to draw conclusions. Hence, we mainly evaluated the results
from the Japanese and Korean phase 2b/3 trial. As with the primary endpoint, all secondary efficacy endpoints were very
similar to those from the main trial, including the proportion of patients with >50% reduction in the monthly average
number of headache days of at least moderate severity, the average monthly number of migraine days, mean change from
baseline in the monthly average number of days with use of any acute headache medication and HIT-6 score.
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In terms of safety, the incidences of AEs were similar for Japanese patients in both fremanezumab groups compared
with placebo in the Japanese and Korean phase 2b/3 trial but lower for placebo in the smaller Japanese population
enrolled in the HALO trial. The most common adverse events were nasopharyngitis and injection-site reactions. The
safety profile noted in this subgroup analysis is consistent with earlier phase 2 trials of fremanezumab in patients with
CM,'®!? and a long-term analysis of Japanese patients with CM or EM."?

Limitations of this subgroup analysis study mainly relate to those of the previous trials, including the lack of inclusion
of patients with more refractory disease or coexisting diseases and the short-term evaluation period. Other limitations
relate to the post hoc, rather than prespecified, nature of the subgroup analyses such as the lack of statistical power to
generate firm conclusions. These limitations may be addressed by further trials, including in patients with concomitant
diseases and using longer follow-up periods. However, the consistency of these results with previous trials in both
Japanese and non-Japanese patients represents a key strength of this subgroup analysis.

Conclusion

Based on the results of this subanalysis, fremanezumab appears to be an effective preventive medication with a favorable
tolerability profile in Japanese patients with CM. In addition, fremanezumab appears to have a relatively rapid onset of
action. Regarding safety, no additional concerns were raised, and the safety profile is consistent with earlier phase 2 trials
of fremanezumab and a long-term analysis of Japanese patients with CM or EM.

Data Sharing Statement
De-indentified individual participant data underlying the results of this analysis as well as relevant study protocols may
be shared with researchers to achieve aims prespecified in a methodologically sound research proposal upon request.
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