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Purpose: The monoclonal antibody fremanezumab has been shown effective and well tolerated in numerous Phase 2 and Phase 3
trials. This subgroup analysis of the international HALO episodic migraine (EM; [NCT02629861]) trial and a similarly designed phase
2b/3 trial in Japanese and Korean patients (NCT03303092) sought to evaluate the efficacy and safety of fremanezumab in Japanese
patients with EM.

Patients and Methods: In both trials, eligible patients were randomly assigned at baseline to receive subcutaneous monthly
fremanezumab, quarterly fremanezumab, or placebo in a 1:1:1 ratio. The primary endpoint was the mean change from baseline in
the monthly (28-day) average number of migraine days during the 12-week period after the first dose of fremanezumab or placebo.
Secondary endpoints assessed other aspects of efficacy, including disability and medication use.

Results: A total of 301 patients in the Japanese and Korean phase 2b/3 trial and 75 patients in the HALO EM trial were Japanese with
baseline and treatment characteristics similar between treatment groups. According to ANCOVA analysis of the primary endpoint,
both fremanezumab quarterly and monthly led to greater reductions in the monthly (28-day) average number of migraine days than
placebo. This was supported by MMRM analysis of the primary endpoint over the initial 4 weeks, highlighting the rapid onset of
action of fremanezumab. Results of secondary endpoint analysis supported the primary endpoint analyses. Fremanezumab was well
tolerated with no new safety signals seen in this population of Japanese patients.

Conclusion: Fremanezumab appears to be an effective and well-tolerated preventive medication for Japanese patients with EM.
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Introduction

Episodic migraine (EM), defined as “<15 migraine or headache days per month with or without aura”, causes less
headache-related disability, impairment in quality of life, and comorbidity than chronic migraine (CM).' However, EM
is responsible for >90% of the migraine cases,’ and progresses to CM in a small proportion of patients annually and,
conversely, CM may switch back to EM.'

Monoclonal antibodies that act on the calcitonin gene-related peptide (CGRP), a trigeminal sensory neuropeptide, or
the CGRP receptor have demonstrated efficacy for migraine with good tolerability.* On this basis, the European
Headache Federation guidelines have made evidence-based recommendations regarding use of monoclonal CGRP or
CGRP receptor antibodies for EM and CM prevention.’

Fremanezumab, a fully humanized monoclonal antibody, potently and selectively binds to both CGRP isoforms. The

6-10

efficacy and safety of fremanezumab have been shown in phase 3 trials of EM patients, and numerous related
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subgroup analysis studies.'''® The pivotal multinational phase 3 trial (HALO)® found that, over a 12-week period,
subcutaneous fremanezumab significantly reduced the mean number of monthly migraine days compared with placebo in
patients with EM. Similarly, subcutaneous monthly or quarterly administration of fremanezumab has been shown to be
effective and well tolerated compared with placebo for EM prevention in Japanese and Korean patients.’ In addition, the
safety and tolerability of fremanezumab have been verified over a period of 52 weeks in Japanese patients with CM or
EM."

This subgroup analysis of the international HALO EM (NCT02629861) trial and a similarly designed phase 2b/3 trial
in Japanese and Korean patients (NCT03303092) sought to evaluate the efficacy and safety of fremanezumab in Japanese
patients with EM.

Materials and Methods
Study Design
This study is a subgroup analysis of Japanese EM patients from two multicenter, randomized, double-blind, placebo-
controlled, parallel-group trials: the HALO EM (NCT02629861) trial® and the phase 2b/3 trial in Japanese and Korean
patients (NCT03303092).° For both trials, details including study design, populations, and criteria for inclusion and
exclusion have been published previously.®’

A written informed consent form documented patient consent. The form was approved by the institutional review
board or independent ethics committee/ethics committee that approved the trial protocol as outlined in the original trials
(see Supplementary Table 1 and Supplementary Table 2 for list of independent ethics committees for each trial). Both

trials complied with the principles of the Declaration of Helsinki and complied with the International Conference on

Harmonisation Good Clinical Practice Guideline and local regulatory requirements.

Treatment
Following initial screening (Visit 1), randomization was performed in a 1:1:1 ratio at baseline (Visit 2) with eligible
patients receiving monthly fremanezumab, quarterly fremanezumab, or placebo via subcutaneous injection

(Supplementary Figure 1). Fremanezumab monthly group patients received fremanezumab 225 mg via single active

subcutaneous injection (225 mg/1.5 mL) and placebo as two 1.5 mL injections at baseline (Visit 2) and then fremane-
zumab 225 mg as a single active injection (225 mg/1.5 mL) at month 1 (Visit 3) and month 2 (Visit 4). Fremanezumab
quarterly group patients received fremanezumab 675 mg (3 active injections of 225 mg/1.5 mL each) at baseline (Visit 2)
and placebo as a single 1.5 mL injection at month 1 (Visit 3) and month 2 (Visit 4). Placebo group patients received three
1.5 mL placebo injections at baseline (Visit 2) and a single 1.5 mL placebo injection at month 1 (Visit 3) and month 2
(Visit 4).

Outcomes
Post hoc analyses of primary and secondary outcome data collected in both clinical trials were conducted in Japanese
patients only.

As noted previously in both source trials, the primary endpoint was the least square mean (LSM) change from
baseline in the monthly (28-day) average number of migraine days during the 12-week period after the first dose of
fremanezumab or placebo.

Secondary efficacy endpoints also related to the 12-week period after the first dose of fremanezumab or placebo as
follows: (i) proportion of patients who obtained a >50% reduction in the monthly average number of migraine days, (ii)
mean change from baseline in the monthly average number of days with use of any acute headache medications, (iii)
mean change from baseline in the monthly average number of migraine days in patients not receiving concomitant
preventive migraine medications. A final secondary endpoint was the mean change from baseline in disability score
(based on the Migraine Disability Assessment [MIDAS] questionnaire) 4 weeks after the final (third) fremanezumab
dose.'” Overall safety was also assessed in Japanese patients only from each trial.
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Statistics

All randomly assigned patients who received >1 dose of a trial regimen in Cohort 2 comprised the safety set. The full
analysis set (FAS) was equivalent to patients from the safety set with >10 days of baseline and post-baseline assessment
data related to monthly average number of migraine days.

An analysis of covariance (ANCOVA) model was used to analyze the primary endpoint with fixed effects of
treatment, sex, country, and baseline preventive medication use and covariates of baseline number of migraine days
and years since migraine onset. A mixed-effects model for repeated measures (MMRM) analysis was also applied to the
weekly change in average number of migraine days over the first 4 weeks after initial administration to assess the rapidity
of effect in this subgroup analysis.

Secondary endpoints, also analyzed using the ANCOVA model, were the mean change from baseline in the monthly
average number of days with use of any acute headache medications and the monthly average number of migraine days
in patients not receiving concomitant preventive migraine medications. Differences were computed between each
fremanezumab group and the placebo group, which included the two-sided 95% confidence interval (a Mantel—-
Haenszel estimator of the difference and its two-sided 95% confidence interval). Data from patients who had monthly
variables with <10 days of data and weekly variables with <3 days of data were considered missing. A migraine day was
normalized to 28 days for the monthly analysis and 7 days for the weekly analysis.

All statistical calculations used SAS version 9.4 (SAS Institute, Cary, NC).

Results

Patient Disposition and Baseline Characteristics

In the Japanese and Korean phase 2b/3 trial, a total of 301 patients were Japanese (fremanezumab monthly group, n=102;
fremanezumab quarterly group, n=101; placebo group, n=98). In the HALO EM trial, a total of 75 patients were Japanese
(fremanezumab monthly group, n=25; fremanezumab quarterly group, n=26; placebo group, n=24). Baseline character-
istics of Japanese patients enrolled in both trials are summarized in Table 1.

Efficacy

The mean change from baseline in the monthly (28-day) average number of migraine days during the 12-week period
(primary endpoint) by ANCOVA for both the Japanese and Korean phase 2b/3 trial and HALO trial is shown in Figure 1.
Significant differences between each treatment group and placebo were observed. In the Japanese and Korean phase 2b/3
trial, the LSM (SE, 95% CI) difference in the primary endpoint compared with placebo was —3.04 (0.43, 95% CI —-3.88, —
2.20, p<0.0001) for the fremanezumab quarterly group and —2.90 (0.43, 95% CI —-3.74, —-2.06, p<0.0001) for the
fremanezumab monthly group. In the HALO trial, corresponding differences in the primary endpoint compared with

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

and International HALO trial®’
Japanese and Korean Phase 2b/3 Trial HALO Trial
Placebo Fremanezumab Placebo Fremanezumab
(n=98) (n=24)
Quarterly Monthly Total Quarterly Monthly Total
(n=101) (n=102) (n=203) (n=26) (n=25) (n=51)
Age, years, mean (SD) 442 (10.9) 422 (9.9) 44.6 (9.1) 434 (9.6) 453 (11.3) 46.8 (9.0) 47.9 (9.6) 474 (9.2)
Body mass index, mean (SD) 22.8 (3.5) 22.5 (3.5) 22.7 (3.9) 22.6 (3.7) 229 (3.1) 233 (3.1) 23.0 (3.3) 23.1 (3.2)
Female sex, n (%) 83 (84.7) 85 (84.2) 85 (83.3) 170 (83.7) 18 (75) 20 (77) 19 (76) 39 (76)
Time since onset of migraine, year, mean (SD) 20.2 (13.6) 19.2 (11.3) 22.7 (13.0) 21.0 (12.2) 21.0 (9.9) 24.0 (13.0) 21.0 (12.8) 225 (12.9)
Use of preventive migraine medication at 21 (21.4) 21 (20.8) 22 (21.6) 43 (21.2) 6 (25) 8 (31) 8(32) 16 (31)
baseline®, yes n (%)

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.

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, (B) HALO trial.
Abbreviations: LSM, least square mean; SEM, standard error of the mean.
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placebo were —2.4 (0.96, 95% CI —4.30, —0.46, p=0.0157) in the fremanezumab quarterly group and —2.9 (0.96, 95% CI —
4.82,-0.97, p=0.0037) in the fremanezumab monthly group. According to the MMRM analysis of the primary endpoint,
the LSM £ SE change from baseline in the average number of migraine days was significantly 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

enrolled in 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, changes in all secondary endpoints were significantly greater in both fremanezu-
mab groups compared with placebo. Analyses of the HALO trial Japanese population were mixed with statistically
significant differences between both fremanezumab groups and the placebo group noted for the monthly average number
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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=97)
Quarterly (n=101) Monthly (n=102)
Primary endpoint
Monthly average number of migraine days during the |2-week
treatment period
Mean change from baseline during 12-week period (SE) —1.06 (0.37) —4.10 (0.36) —3.96 (0.36)
Difference (SE) vs placebo, (95% Cl, P)* —3.04 (0.43), (—3.88, —2.20) | —2.90 (0.43), (—3.74, —2.06)
p<0.0001 p<0.0001
Secondary endpoints
250% reduction in the average number of migraine days per month
Responder rate (%)° 10.3 475 41.2
Difference vs placebo, (95% Cl, P)* 37.3 (25.9, 48.7) 30.9 (19.5, 42.2)
p<0.0001 p<0.0001
Monthly average number of days with use of any acute headache
medications
Mean change from baseline during 12-week period (SE) —0.57 (0.34) —3.37 (0.34) —3.29 (0.34)
Difference (SE) vs placebo, (95% Cl, P)* —2.80 (0.40), (—3.59, —2.01) | —2.71 (0.40), (—3.50, —1.92)
p<0.0001 p<0.0001
Monthly average number of headache days of migraine in not receiving
preventive medication
N 76 80 80
Mean change from baseline during 12-week period (SE) —1.48 (0.37) —4.27 (0.36) —4.45 (0.36)
Difference (SE) vs placebo, (95% Cl, P)* —2.79 (0.45), (—3.68, —1.90) | —2.97 (0.46), (—3.86, —2.07)
p<0.0001 p<0.0001
MIDAS at 4 weeks after the last dose
N 94 98 101
Mean change from baseline during 12-week period (SE) —7.65 (1.16) =171 (1.13) —12.03 (I.11)
Difference (SE) vs placebo, (95% Cl, P)° —4.06 (1.34), (—6.69, —1.43) | —4.38 (1.32), (—6.99, —1.78)
p=0.0026 p=0.0010

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. ®The number of subjects meeting responder criteria. “Comparisons were conducted using Mantel-Haenszel estimator stratified by
baseline preventive medication use (yes/no).

of acute medication use days during the 12-week treatment period and responder rates for the >50% reduction in the

average number of migraine days per month.

Safety

Table 3 and Supplementary Table 4 summarize the AEs that occurred in Japanese patients from the Japanese and Korean phase
2b/3 trial and HALO trial, respectively. In the analysis of Japanese patients from the Japanese and Korean phase 2b/3 trial, the
incidence of AEs, including those potentially related to study medication, was similar in the placebo group to both

fremanezumab groups. However, the subgroup analysis of the HALO trial showed a lower incidence of AEs in the placebo
group compared with the fremanezumab groups. In both trials, the most common treatment-emergent AEs were nasophar-
yngitis and injection-site reactions. These tended to occur at a similar rate in placebo and fremanezumab groups in the
Japanese and Korean phase 2b/3 trial analysis and a lower rate in placebo-treated patients in the HALO trial analysis.

Discussion

The epidemiology and burden of migraine have been reported to vary among countries,'® and the efficacy of migraine
prophylactic drugs in Japan may be different from that in the other countries. Thus, a subgroup analysis was performed in
Japanese EM patients who live in Japan and were enrolled in two global clinical trials. This subgroup analysis of
Japanese patients with EM enrolled in two trials found significant differences in the primary endpoint between
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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 (n=98) Fremanezumab
Quarterly Monthly Total
(n=101) (n=102) (n=203)
Patients with at least one TEAE* 62 (63.3) 61 (60.4) 63 (61.8) 124 (61.1)
Patients with at least one TEAE potentially related to study drug 25 (25.5) 31 (30.7) 31 (30.4) 62 (30.5)
Patients with at least one serious adverse event 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Patients with any adverse event leading to discontinuation of the trial I (1.0) 0 (0.0) 1 (1.0) I (0.5)
Death 0 (0.0 0 (0.0 0 (0.0 0 (0.0
Patients with adverse events reported in >2% of patients in any group
Injection-site reactions
Erythema 14 (14.3) 13 (12.9) 19 (18.6) 32 (15.8)
Induration 12 (12.2) 13 (12.9) 18 (17.6) 31 (15.3)
Pain 6 (6.1) 13 (12.9) I'1(10.8) 24 (11.8)
Pruritus 0 (0.0 2 (2.0 7 (6.9) 9 (44)
Swelling 0 (0.0 2 (2.0 4 (3.9 6 (3.0
Rash 0 (0.0 I (1.0) 2 (2.0) 3 (1.5)
Hepatic function abnormal I (1.0) 0 (0.0) 2 (2.0) 2 (1.0)
Nasopharyngitis 16 (16.3) 15 (14.9) 17 (16.7) 32 (15.8)
Influenza 0 (0.0 2 (2.0 6 (5.9 8 (3.9)
Upper respiratory tract infection I (1.0) 2 (2.0 0 (0.0 2 (1.0
Muscle strain 0 (0.0 0 (0.0 2 (2.0 2 (1.0
Eczema 0 (0.0) I (1.0) 3(29) 4 (2.0)
Rhinitis allergic 0 (0.0 0 (0.0 2 (2.0) 2 (1.0)

Notes: *Treatment-emergent adverse events, any adverse events that occurred after treatment started. Adverse events were collected by coding in MedDRA version 22.0.

fremanezumab and placebo. Results for each subgroup were very similar with those of the main trial population, thus
confirming the efficacy of fremanezumab in Japanese patients. In addition, MMRM analysis of the primary endpoint over
the first 4 weeks confirmed the rapid onset of action of fremanezumab as reported elsewhere in subgroup analyses of
international and Japanese populations.

For secondary endpoints, the Japanese population in the HALO trial was small and the number of Japanese patients
from Japanese and Korean phase 2b/3 trial alone was considered adequate enough to discuss, we mainly evaluated the
result from Japanese and Korean phase 2b/3 trial. Results for all secondary efficacy endpoints in both subgroups were
very similar to those from the respective main trials, thus confirming the efficacy of fremanezumab in Japanese patients
with EM. Secondary efficacy endpoint results demonstrated the benefits of fremanezumab in relation to the proportion of
patients with >50% reduction in the monthly average number of migraine days, the mean change from baseline in the
monthly average number of days with use of any acute headache medication, and the MIDAS score.

The potential mechanisms involved in the association between migraine frequency and obesity are not fully under-
stood; however, it has been suggested that obesity is a risk factor for CM.'® Previous studies have also reported that
obese patients have elevated plasma CGRP levels.?’ Clinically, a subgroup analysis of the PROMISE-1 and PROMISE-2
trials of the anti-CGRP antibody drug epitinezumab showed that the >50% migraine responder rates of both 100 mg and
300 mg doses of epitinezumab versus placebo were adversely affected in a subpopulation of EM and CM patients with
obesity class I (BMI >35 kg/m?).>! Further, in patients with frequently recurrent EM and CM from the GARLIT study,*
analysis of the mean change in monthly migraine days with the anti-CGRP antibody drug galcanezumab suggested
a weaker effect, as evidenced by a lower rate of persistent responders, in overweight patients than in normal weight
patients.”®> These results suggest that obese migraine patients may require more aggressive inhibition of the CGRP
pathway to achieve similar effects to those needed in non-obese patients. In EM patients with a mean BMI range of 26.2—
27.2 kg/m? for treatment groups in the HALO trial of fremanezumab,® the primary endpoint of mean change in monthly
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migraine day and the secondary endpoint of >50% migraine responder rate were —1.3 days and 16.5% for the quarterly
group, and —1.5 days and 19.8% for the monthly group (difference vs placebo). In the Japanese subgroup of the HALO
study, the mean BMI range across treatment groups was 22.9-23.3 kg/m?, and the corresponding results for the primary
and secondary endpoints were —2.4 days and 26.4% for quarterly group, and —2.9 days and 26.8% for monthly group
(difference vs placebo). In the Japanese subgroup of the Japanese and Korean Phase 2b/3 study, the mean BMI range was
22.5-22.8 kg/m?, and the corresponding primary and secondary endpoints were —3.04 days and 37.3% for the quarterly
group, and —2.90 days and 41.2% for the monthly group (difference vs placebo). Compared with obesity class I (BMI
>35 kg/m?), which affected the efficacy of epitinezumab as suggested by results of the PROMISE-1 and PROMISE-2
studies,?! the mean BMI ranges of treatment groups in the fremanezumab HALO study (26.2-27.2 kg/mz), the Japanese
subgroup BMI of the HALO study (22.9-23.3 kg/m?), and the Japanese subgroup of the Japanese and Korean Phase 2b/3
study (22.5-22.8 kg/m?), were relatively low. This suggests that the marginal numerically greater effect of fremanezumab
noted in the Japanese subpopulations from the two trials, compared with the overall population of the HALO trial, is
unlikely to be associated with differences in BMI. In general, the Japanese population is characterized by a low
prevalence of obesity. Indeed, World Health Organization data (2016) show that the prevalence of obesity (BMI
>30 kg/mz) in Japan (male, 4.8%; female, 3.7%) is substantially lower than, for example, that of the USA (male,
35.5%; female, 37.0%).%* However, despite the fact that Japanese are characterized by a lower prevalence of obesity than
Westerners, fremanezumab exposure in Japanese compared to Westerners has been shown to be approximately equivalent
in an analysis of data including Phase 2b and HALO trials, and the Japanese and Korean Phase 2b/3 study (unpublished
data).

In terms of safety, the most common adverse events were nasopharyngitis and injection-site reactions. The safety
profiles noted in these subgroup analyses are consistent with those previously noted in several trials, including a long-
term trial of Japanese EM patients.®"-'°

Limitations of this study primarily relate to those of the main trials, including difficulties in assessing the efficacy or
safety of fremanezumab over evaluation periods greater than 12 weeks. Further, the trials treatment-refractory patients
with three or more failed preventive drug clusters or with continuous headache were not included. However, inclusion
criteria in both trials were less strict than in other trials and at least partially allowed patients who were receiving
concomitant preventive medication. Finally, limitations inherent in non-prespecified post hoc analyses also apply to this
subgroup analysis.

Conclusion

These results confirm the potential of fremanezumab as a preventive medication with good efficacy and tolerability
profiles for Japanese patients with EM. Results of both the primary and secondary endpoint analyses were similar in
Japanese patients to those of the respective main trials.

Data Sharing Statement
De-identified 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 to the
corresponding author (Masami Nakai).
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