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Abstract 

Background: Early onset of action has become recognized as an important efficacy feature of preventive migraine 
treatment, which can help overcome adherence issues commonly associated with older medications. Preventive 
treatments that target the calcitonin gene‑related peptide (CGRP) or the CGRP receptor have been previously shown 
to provide early onset of action.

Methods: This subanalysis of primary endpoints of two separate phase 2b/3 studies sought to determine the onset 
of action of fremanezumab in Japanese and Korean patients with episodic migraine (EM) and chronic migraine (CM).

Results: In EM patients (n = 357), both fremanezumab quarterly and fremanezumab monthly led to greater reduc‑
tions in weekly migraine days (days/week) than placebo from the first week after the initial injection and thereafter 
during the remainder of the study period. Similarly, CM patients (n = 571) had a greater reduction in headache days 
of at least moderate severity (days/week) with fremanezumab (total) than placebo. The percentage of patients with 
a migraine day (EM) or headache day at least moderate severity (CM) was lower in those treated with fremanezumab 
than placebo and this effect was apparent from as early as Day 2 (1 day after first injection).

Conclusions: These results suggest that fremanezumab has an early onset of action, as noted in previous post hoc 
analyses of anti‑CGRP monoclonal antibodies.

Trial registration: ClinicalTrials.gov. NCT03 303092, Registered 5 October 2017, NCT03 303079, Registered 5 October 
2017.
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Introduction
Both chronic migraine (CM) and episodic migraine (EM) 
are associated with significant pain and disability as well 
as impairments in quality of life, functioning, and inter-
personal relationships [1–6]. Existing oral preventive 
treatments are limited by suboptimal efficacy, adverse 
events, and poor adherence [7–12]. Issues with adher-
ence relate to both tolerability and poor efficacy, which 
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in turn is associated with delays in gaining maximum 
effect during dose titration [13, 14]. One result of this is a 
high rate of treatment discontinuation [14]. Therefore, to 
overcome adherence problems, there is a strong need for 
preventive treatment that is both well tolerated and has 
an early onset of action [15].

More recently, preventive treatments that target the 
calcitonin gene-related peptide (CGRP) or the CGRP 
receptor have been extensively investigated. Among 
these, monoclonal antibodies that target the CGRP 
pathway have the advantage of being highly specific in 
their mechanism of action [14]. The rapidity of onset of 
monoclonal antibodies against CGRP has been the focus 
of several studies. In the earliest of these studies, post-
hoc analyses of two pivotal trials of erenumab for CM 
(n = 667) and EM (n = 955) were conducted [16]. Rapid 
onset of efficacy of erenumab compared with placebo 
was observed in terms of change from baseline in weekly 
migraine days (WMD) and achievement of ≥50% reduc-
tion in WMD. Furthermore, a fewer erenumab-treated 
patients experienced migraine on a daily basis compared 
with placebo during the first week of treatment. Analyses 
based on two double-blind, randomized, Phase 3 studies 
comparing galcanezumab with placebo in EM patients 
(EVOLVE-1, EVOLVE-2) found galcanezumab-treated 
patients had significantly higher odds of having fewer 
migraine headache days in the first week and in each 
subsequent week compared with placebo [17]. Onset 
of effect was seen as early as the first day after injection 
[17, 18]. A post-hoc analysis based on the CONQUER 
phase 3b study of patients with prior treatment failure 
found that, compared with placebo, galcanezumab-
treated patients had a significantly greater reduction in 
monthly migraine headache days starting at month 1, 
and in weekly migraine headache days starting at week 1 
with the early onset of effect of galcanezumab considered 
to begin the day after treatment initiation [19]. Onset of 
efficacy for fremanezumab in CM was assessed as part of 
the phase 3 HALO trial [20]. During the 4-week period 
after the first dose, the mean number of monthly head-
ache days of at least moderate severity was reduced for 
the all-fremanezumab group compared with the placebo 
group. Treatment effects were observed at week 1 for 
the all-fremanezumab group, with separation from pla-
cebo by Day 2 (1 day after first injection). Monthly aver-
age number of migraine days and the mean number of 
monthly headache hours showed similar effects.

Two recent phase 2b/3 studies have established the effi-
cacy of fremanezumab in Japanese and Korean patients 
with EM or CM, respectively [21, 22]. Among patients 
with CM (n = 571), the least-squares mean (±stand-
ard error [SE]) reduction in the average number of 
headache days of at least moderate severity per month 

during 12 weeks (primary endpoint) was significantly 
greater with fremanezumab monthly (− 4.1 ± 0.4) and 
fremanezumab quarterly (− 4.1 ± 0.4) than with pla-
cebo (− 2.4 ± 0.4) [21]. Similarly, among patients with 
EM (n = 357), least-squares mean (±SE) reductions in 
the average number of migraine days per month during 
12 weeks (primary endpoint) were significantly greater 
with fremanezumab monthly (− 4.0 ± 0.4, n = 121) and 
fremanezumab quarterly (− 4.0 ± 0.4, n = 117) than with 
placebo (− 1.0 ± 0.4, n = 116; P < 0.0001 for both compar-
isons) [22]. Improvements in secondary endpoints and a 
similar rate of adverse events, except injection-site reac-
tions in the case of EM patients, with placebo were also 
observed with fremanezumab in both studies [21, 22].

Based on this background of previous studies, this 
subanalysis of two phase 2b/3 studies represents the first 
study to investigate the onset of efficacy of the CGRP 
monoclonal antibody, fremanezumab, in East Asian 
populations.

Methods
Study design
This study represents a subanalysis of two multi-
center, randomized, double-blind, placebo-controlled, 
parallel-group trials in Japanese and Korean patients 
with CM (Clini caltr ials. gov, NCT03303079) and EM 
(NCT03303092). The study design, populations, inclu-
sion and exclusion criteria have been published in full 
previously. In brief, the EM trial randomly assigned 
357 patients to subcutaneous fremanezumab monthly 
(225 mg at baseline, weeks 4 and 8), fremanezumab quar-
terly (675 mg at baseline and placebo at weeks 4 and 8), 
or matching placebo (Fig.  1). The primary endpoint of 
the EM trial was the mean change from baseline in the 
monthly average number of migraine days during the 
12-week treatment period after the first dose. The CM 
trial randomized 571 patients to subcutaneous fre-
manezumab monthly (675 mg at baseline and 225 mg at 
weeks 4 and 8), fremanezumab quarterly (675 mg at base-
line and placebo at weeks 4 and 8), or matching placebo 
(Fig.  1). The primary endpoint of the CM trial was the 
mean change from baseline in the monthly (28-day) aver-
age number of headache days of at least moderate sever-
ity during the 12 weeks after the first dose. These studies 
included prespecified secondary and exploratory analyses 
and post hoc analyses not previously specified for results 
up to 1 week.

Study objective and outcomes
The overall objective of the subanalyses was to evaluate 
the efficacy of fremanezumab during the initial 4 weeks of 
treatment in patients with EM or CM.

http://clinicaltrials.gov
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In EM patients, the change in monthly migraine days 
(MMD, days/month) and the change in WMD (days/
week) per week during the first 4 weeks from the first 
dose were assessed. In addition, EM patients were 
assessed in terms of the percentage of patients with a 
migraine day (from day 1 [day of the first injection] to 
day 7). EM patients were considered in terms of response 
to fremanezumab quarterly and fremanezumab monthly 
separately.

In CM patients, the change in headache days of at least 
moderate severity (days/month) and the change in head-
ache days of at least moderate severity (days/week) per 
week during the first 4 weeks from the first dose were 
assessed. Patients with CM were also assessed in terms of 
the percentage of patients with a headache day of at least 
moderate severity (from day 1 to day 7). CM patients 
were considered in terms of response to fremanezumab 
quarterly and fremanezumab monthly combined.

Statistics
An ANCOVA model was used to show the mean change 
in MMD (EM patients) and monthly headache days of at 
least moderate severity (CM patients) during the 4-week 
period from the first dose. An MMRM analysis was used 
to estimate the mean change from baseline in WMD (EM 
patients) and the change in weekly headache days of at 
least moderate severity (CM patients) per week during 
the 4-week period from the first dose. The percentages 
of patients with a migraine day (from day 1 to day 7) in 
EM patients and with a headache day of at least moder-
ate severity (from day 1 to day 7) in CM patients were 
also calculated as part of post hoc analyses. Finally, two-
sided 95% confidence intervals (CI) and P values with 
statistical significance set at P < 0.05 were constructed for 

the least-squares mean (LSM) and standard error of the 
mean (SEM) differences between each fremanezumab 
group and the placebo group. A headache day of at least 
moderate severity and a migraine day were normalized to 
28 days for the monthly analysis and 7 days for the weekly 
analysis.

For CM patients, analyses of changes during the first 
4 weeks after the first dose compared the placebo group 
with the “all-fremanezumab” group, which consisted 
of patients from both the fremanezumab quarterly and 
monthly groups. In both CM and EM patients, monthly 
variables with < 10 days of data and weekly variables with 
< 3 days of data were considered missing.

SAS version 9.4 (SAS Institute, Cary, NC) was used for 
all statistical calculations.

Results
Subject disposition and baseline characteristics
In total, 357 patients with EM and 571 patients with CM 
were included in the EM and CM phase 2b/3 studies. 
Patient baseline characteristics have been reported previ-
ously but are summarized in Table 1.

Efficacy
Regarding EM patients, both fremanezumab quarterly 
and fremanezumab monthly led to statistically signifi-
cant greater reductions from baseline in MMD com-
pared with placebo. Figure  2A shows the mean change 
in MMD by ANCOVA analysis during the 4-week period 
after the first dose, at which point the mean (SD) baseline 
was 9.0 (2.8), 8.6 (2.5) and 8.7 (2.5) days in the placebo, 
fremanezumab monthly, and fremanezumab quarterly 
groups, respectively. The LSM (SEM) change from base-
line in MMD was equivalent to − 4.41 (0.44) days for 

Fig. 1 Study schema in CM and EM patients
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fremanezumab quarterly, − 3.63 (0.43) days for freman-
ezumab monthly, and − 0.50 (0.44) days for placebo. This 
equated to a difference in LSM change from baseline of 
− 3.91 (95% CI −4.80, − 3.02; P < 0.0001) days/month 
for fremanezumab quarterly versus placebo and − 3.13 
(95% CI −4.01, − 2.24; P < 0.0001) days/month for fre-
manezumab monthly versus placebo. Figure  2B shows 
the mean change in WMD by MMRM analysis per week 
during the 4-week period after the first dose, at which the 
mean (SD) baseline was 2.2 (0.7), 2.2 (0.6), and 2.2 (0.6) 
days in the placebo, fremanezumab monthly, and fre-
manezumab quarterly groups, respectively. These also 
showed statistically significant differences for both fre-
manezumab quarterly and fremanezumab monthly ver-
sus placebo.

Similarly, in CM patients, fremanezumab led to a 
greater reduction from baseline in headache days of at 
least moderate severity (days/month) compared with 
placebo. Figure  3A shows the mean change in monthly 
headache days of at least moderate severity by ANCOVA 
analysis during the 4-week period from the first dose, at 
which the mean (SD) baseline was 13.5 (5.0), and 13.3 
(5.4) days in the placebo and fremanezumab groups, 
respectively. Specifically, the fremanezumab group had 
an LSM (SEM) change from baseline of − 4.06 (0.41) 
days/month compared with − 1.56 (0.47) days/month for 
placebo. This equated to a difference in LSM change from 
baseline of − 2.51 (95%CI −3.33, − 1.68; P < 0.0001) days/
month for fremanezumab versus placebo. Reductions 

in the number of headache days of at least moderate 
severity during the first 4 weeks showed statistically sig-
nificant differences for fremanezumab versus placebo at 
each time point. Figure  3B shows the mean change in 
headache days of at least moderate severity by MMRM 
analysis per week during the 4-week period from the first 
dose, at which the mean (SD) baseline was 3.4 (1.2), and 
3.3 (1.3) days in the placebo, and fremanezumab groups, 
respectively.

Figure 4 and 5 show the percentage of patients with a 
migraine day and the percentage of patients with a head-
ache day at least moderate severity from Day 1 (day of 
first injection) to Day 7 in EM patients and CM patients, 
respectively. In both populations, the percentage of 
patients was noticeably lower in fremanezumab-treated 
patients from as early as Day 2 (the day after the first 
injection) through to Day 7. In EM patients who received 
fremanezumab quarterly, the percentage of patients with 
a migraine day was lower as early as Day 1 (day of first 
injection).

Discussion
Early onset of effect is rated as a highly important fea-
ture of migraine preventive treatment by patients and 
has been linked to improvements in adherence [23]. A 
previous post hoc analysis of the phase 3 HALO trial 
examining early onset found greater early reductions in 
the mean number of monthly headache days of at least 
moderate severity, monthly average number of migraine 

Table 1 Patient demographics and clinical characteristics

SD Standard deviation

EM, Study NCT03303092 CM, Study NCT03303079

Placebo Fremanezumab Placebo Fremanezumab

(n = 117) Monthly (n = 121) Quarterly (n = 119) (n = 191) Total (n = 380)

Age, years, mean (SD) 44.2 (10.7) 44.4 (9.5) 41.9 (10.1) 42.1 (10.2) 43.1 (10.2)

Body mass index, mean (SD) 22.8 (3.5) 23.0 (4.0) 22.5 (3.4) 22.8 (3.4) 22.9 (3.8)

Female sex, n (%) 100 (85.5) 101 (83.5) 101 (84.9) 163 (85.3) 328 (86.3)

Disease history

Time since onset of migraine, years, mean (SD) 19.4 (13.3) 22.0 (12.9) 18.3 (11.4) 19.0 (11.2) 18.5 (12.3)

Use of preventive migraine medication at baseline, yes, n (%) 22 (18.8) 24 (19.8) 23 (19.3) 41 (21.5) 79 (20.8)

n = 117 n = 121 n = 118 n = 191 n = 378
Disease characteristics during 28‑day pretreatment period

 Number of days with headache of any severity and dura‑
tion,  mean (SD)

11.1 (2.5) 11.0 (2.1) 11.0 (2.5) 21.2 (4.3) 21.4 (4.0)

 Number of headache days of at least moderate severity, 
mean  (SD)

8.0 (2.8) 7.6 (2.5) 7.5 (2.8) 13.5 (5.0) 13.3 (5.4)

 Number of migraine days, mean (SD) 9.0 (2.8) 8.6 (2.5) 8.7 (2.5) 15.4 (5.0) 15.8 (5.2)

 Use of any acute headache medications, yes, n (%) 117 (100.0) 120 (99.2) 117 (98.3) 191 (100.0) 375 (98.7)

 Use of migraine‑specific acute headache medications, yes, 
n  (%)

114 (97.4) 115 (95.0) 110 (92.4) 177 (92.7) 352 (92.6)
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days and mean number of monthly headache hours for 
CM patients treated with fremanezumab versus placebo 
[20]. These subanalyses of early onset similarly found 
that preventive treatment with fremanezumab reduced 
MMD in EM patients and headache days of at least mod-
erate severity in CM patients. Differences in efficacy 
endpoints between fremanezumab and placebo were sus-
tained throughout the 4-week treatment period in these 
analyses. Further, the differential effect of fremanezumab 
versus placebo became evident during the first week of 
treatment and was even observed as early as the first day 

of injection in EM patients and the day after first injec-
tion in CM patients. These results suggest that freman-
ezumab has an early onset of action with clinical benefits 
for patients, with potential impact on patient satisfaction 
and adherence.

Two previous Phase 2b/3 studies in Japanese and 
Korean patients, which formed the basis of these suba-
nalyses, established the efficacy of fremanezumab quar-
terly and monthly for periods up to 12 weeks [21, 22]. 
According to the primary endpoints, the reduction in 
the average number of migraine days (EM) or headache 

Fig. 2 Change in (A) MMD and (B) WMD in EM patients. Change in MMD represents mean change from baseline during the 4‑week period from 
the first dose (ANCOVA analysis) while change in WMD represents mean change per week during the 4‑week period from the first dose (MMRM 
analysis). An asterisk denotes P < 0.05 and a dagger P < 0.0001 for the comparison with placebo. Abbreviations: ANCOVA, analysis of covariance; LSM, 
least‑squares mean; MMD, monthly migraine days; MMRM, mixed‑effects model for repeated measures; WMD, weekly migraine days
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Fig. 3 Change in (A) monthly and (B) weekly average headache days of at least moderate severity in CM patients. Change in monthly average 
number of headache days of at least moderate severity represents mean change from baseline during the 4‑week period after the first dose 
(ANCOVA analysis) while change in the weekly average number of headache days of at least moderate severity represents mean change per 
week during the 4‑week period from the first dose (MMRM analysis). An asterisk denotes P < 0.05 and a dagger P < 0.0001 for the comparison 
with placebo. Fremanezumab is the sum of fremanezumab monthly and fremanezumab quarterly groups. Abbreviations: ANCOVA, analysis of 
covariance; LSM, least‑squares mean; MMRM, mixed‑effects model for repeated measures

Fig. 4 Percentage of EM patients reporting a migraine during a day from Day 1 to 7. Day 1 is the day of injection of study medications. P < 0.05 for 
difference with placebo from Day 1–7 for fremanezumab quarterly and from Day 2–7 for fremanezumab monthly
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days of at least moderate severity (CM) per month during 
12 weeks was significantly greater with fremanezumab 
monthly and fremanezumab quarterly than with placebo. 
Further, improvements in all secondary endpoints were 
also noted in both studies. Over long-term observation, 
both fremanezumab monthly and quarterly reduced the 
monthly number of migraine days in a 52-week, rand-
omized, double-blind extension of the HALO trials [24]. 
A subanalysis of these long-term HALO results similarly 
found that fremanezumab monthly and quarterly led to 
sustained improvements in monthly migraine days and 
headache days of at least moderate severity throughout 
12 months in Japanese patients with CM and EM.

Without minimizing the importance of long-term 
efficacy, there is also a clear patient preference for early 
efficacy benefits for migraine prevention [23], which has 
been a limitation of existing oral preventive medications. 
Indeed, in a patient survey, speed of onset was rated as 
the second most important aspect of preventive treat-
ment besides actual effectiveness [23]. Switching between 
oral agents is a common practice to optimize therapy but 
persistence appears to actually worsen as patients cycle 
through agents [25].

Previously, early onset of efficacy has been shown with 
fremanezumab in CM patients [20], EM patients [26] 
and CM or EM patients with inadequate response to 2–4 
prior migraine preventive treatment classes, including ≥1 
inadequate response due to lack of efficacy [27, 28], ere-
numab in EM and CM patients [16] and galcanezumab in 
EM patients enrolled in the EVOLVE-1 and EVOLVE-2 
studies [17], as well as in EM or CM patients with 

previous preventive medication failure [19]. Results from 
the present subgroup analysis were consistent with these 
previous studies of fremanezumab and other anti-CGRP 
pathway monoclonal antibodies. In the previous post hoc 
analysis during the first 4 weeks of a primary trial of fre-
manezumab in CM patients, the statistically significant 
difference in LSM (95% CI) change in headache days of 
at least moderate severity per month between fremane-
zumab total and placebo (− 2.3 [− 3.0, − 1.7], P < 0.0001) 
was highly similar to the difference in CM patients in this 
analysis (− 2.51 [− 3.33, − 1.68], P < 0.0001) [20]. In EM 
patients, corresponding differences in MMD between 
fremanezumab and placebo in this analysis were also 
significant for both fremanezumab monthly (− 3.13 
[− 4.01, − 2.24], P < 0.0001) and fremanezumab quarterly 
(− 3.91 [− 4.80, − 3.02], P < 0.0001). Post hoc analyses 
of the FOCUS study in CM or EM patients with inad-
equate response to 2–4 prior migraine preventive treat-
ment classes, including ≥1 inadequate response due to 
lack of efficacy also showed consistent results [27, 28]. In 
these analyses, the LSM (SE) change from baseline in the 
monthly average number of migraine days over the first 
4 weeks of treatment was − 4.1 for both fremanezumab 
quarterly and fremanezumab monthly (versus − 0.6 for 
placebo, P < 0.0001 for both comparisons) [28]. Onset of 
action was also rapid with a significant reduction in the 
odds of experiencing a migraine with fremanezumab ver-
sus placebo noted from Day 2 (1 day after first injection) 
to Day 7 [27].

Significant differences between active treatment and 
placebo were also observed at 4 weeks in studies of other 

Fig. 5 Percentage of CM patients reporting a headache during a day from Day 1 to 7. Headache in CM patients was defined as those of at least 
moderate severity. Day 1 is the day of injection of study medications. Fremanezumab is the sum of fremanezumab monthly and fremanezumab 
quarterly groups. P < 0.05 for difference with placebo from Day 2–7 for fremanezumab
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anti-CGRP pathway monoclonal antibodies [16, 17, 19]. 
Further analyses for each week up to 4 weeks found sig-
nificant reductions in WMD or headache days of at least 
moderate severity per week in EM and CM patients, 
respectively, from week 1 in the present analysis, which 
continued through to week 4. Onset of effect at week 1 
was also identified in the previous post hoc analysis of 
fremanezumab [20], as well as in studies of erenumab and 
galcanezumab [16, 17, 19]. Finally, additional analyses of 
efficacy within the first week were conducted in the pre-
sent and previous analyses. In the present subanalysis, 
the percentage of patients with either a migraine day (EM 
patients) or headache day at least moderate severity (CM 
patients) was noticeably lower in fremanezumab-treated 
patients from as early as the day of the first injection in 
EM patients treated with fremanezumab quarterly or 
the day after the first injection in CM patients and EM 
patients treated with fremanezumab monthly. This, as 
previously noted, is consistent with the results for fre-
manezumab in post hoc analyses of the FOCUS study 
[27]. In the post hoc analysis of the phase 3b CONQUER 
study, onset of effect for galcanezumab was determined 
to occur the day following the first injection in EM or 
CM patients with previous preventive medication fail-
ures [19]. Similarly, in the analysis of the EVOLVE-1 and 
EVOLVE-2 studies in EM patients, the estimated propor-
tion of patients experiencing migraine was significantly 
lower with galcanezumab compared with placebo from 
the day after the first injection [17]. Results for erenumab 
varied from day 3 to day 7 after injection depending on 
the dose and patient population [16].

Taken together, these results suggest that anti-CGRP 
pathway monoclonal antibodies, including freman-
ezumab, can provide early onset of action and thereby 
reduce the potential for patients to discontinue treat-
ment. Discontinuation is a recognized disadvantage 
with oral preventive medications, which require daily 
adherence and titration to effect as well as potentially 
leading to headache chronification and medication over-
use headaches through overuse of acute medications 
and tolerance [11, 14, 29]. Subanalyses of trials of anti-
CGRP pathway monoclonal antibodies, including fre-
manezumab, have shown the potential of these agents to 
reduce the use of acute migraine treatment and lower the 
potential for medication overuse headaches [30, 31].

One of the main limitations of this subanalysis is that 
only Japanese and Korean patients were included. Nev-
ertheless, the results are consistent with similar analysis 
from global study population. Further, this study is not 
powered to confirm treatment differences from placebo 
at early time points. Despite this limitation, substantial 
treatment differences were still demonstrated. Finally, 
assessment of migraine days and headache days of at 

least moderate severity were based on headache diary 
and therefore the influence of subjectivity in individual 
patient assessment cannot be ruled out.

In conclusion, fremanezumab shows a rapid onset of 
action in reducing migraine days and headache days at 
least moderate severity in EM patients and CM patients, 
respectively. Treatment effects were noted as early as 
the first day of injection in EM patients treated with fre-
manezumab quarterly and as early as the day after first 
injection in other patients. These results in Japanese and 
Korean patients align with those noted in subanalyses of 
fremanezumab and other anti-CGRP pathway monoclo-
nal antibodies. In addition to the long-term efficacy and 
favorable safety and tolerability profile, the lack of need 
for titration, and flexible monthly or quarterly dosing 
schedule, the early onset of fremanezumab provides the 
potential to reduce barriers to adherence.
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