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BACKGROUND
Fremanezumab, a humanized monoclonal antibody that selectively targets calcito-
nin gene–related peptide, is approved for the prevention of migraine in adults. 
Evidence from randomized, controlled trials in children and adolescents is needed.

METHODS
We randomly assigned participants 6 to 17 years of age with a diagnosis of epi-
sodic migraine (defined as migraine for ≥6 months and a history of ≤14 headache 
days per month) to receive monthly subcutaneous injections of fremanezumab 
(120 mg for participants with a body weight of <45 kg and 225 mg for those with 
a body weight of ≥45 kg) or matched placebo for 3 months. Participants were al-
lowed to use migraine-specific medications to treat acute headaches. The primary 
end point was the change from baseline in the average number of migraine days 
per month. Key secondary end points included the change in the number of days 
per month with headache of at least moderate severity and a reduction of 50% or 
more in the number of migraine days per month.

RESULTS
Of 237 participants who underwent randomization, 234 were included in the full 
analysis population: 123 in the fremanezumab group (36 received the 120-mg dose 
and 87 received the 225-mg dose) and 111 in the placebo group. Fremanezumab 
reduced the number of migraine days per month by 2.5 as compared with 1.4 with 
placebo (difference, 1.1; P = 0.02) and the number of days per month with headache 
of at least moderate severity by 2.6 as compared with 1.5 with placebo (difference, 
1.1; P = 0.02). The percentage of participants who had a reduction of 50% or more 
in the number of migraine days per month was 47.2% with fremanezumab and 
27.0% with placebo (P = 0.002). Injection-site erythema was the most common ad-
verse event with fremanezumab (9.8% of participants, vs. 5.4% with placebo).

CONCLUSIONS
Among children and adolescents with episodic migraine, fremanezumab resulted 
in greater reductions in the number of migraine days and headache days than pla-
cebo. Injection-site erythema was the most common adverse event with fremanez-
umab. Longer follow-up is required to further understand the efficacy and safety of 
the drug in this population. (Funded by Teva Pharmaceuticals; ClinicalTrials.gov 
number, NCT04458857.)
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Migraine is a common neurologic 
disorder in childhood and adolescence, 
with an estimated overall prevalence of 

11%.1 Children and adolescents with migraine, 
as well as their families, face a substantial bur-
den due to their attacks, including lost schooling 
and workdays, poor educational performance, 
and missed social activities.2,3 Although lifestyle 
modifications and treatment of acute attacks 
represent the mainstay of migraine management 
in children and adolescents,4,5 current options 
for preventive treatment have limited efficacy.6,7

Fremanezumab, a humanized monoclonal an-
tibody that selectively targets calcitonin gene–
related peptide (CGRP), is approved in adults 
for the preventive treatment of episodic and 
chronic migraine in several countries, including 
the United States, and across Europe, Asia, and 
South America.8-12 Fremanezumab has been shown 
to significantly reduce headache frequency, use of 
acute headache medication, and headache-related 
disability in adults with episodic and chronic 
migraine.13-15

The potential of monoclonal antibodies that 
target the CGRP pathway in children and adoles-
cents has been observed in retrospective cohort 
studies,16,17 and although they are recommend-
ed by the American Headache Society in certain 
cases,18-20 there is a need for evidence from pro-
spective, randomized, controlled trials in this 
population. As such, we conducted a phase 3, 
multicenter, randomized, placebo-controlled trial 
with a 3-month double-blind period to evaluate 
the efficacy and safety of fremanezumab in chil-
dren and adolescents with episodic migraine. 
The results of the trial have led to Food and 
Drug Administration approval of the drug for 
the prevention of episodic migraine in children 
and adolescents.

Me thods

Trial Oversight

The protocol (available with full text of this ar-
ticle at NEJM.org) was approved by independent 
ethics committees or institutional review boards 
according to national or local regulations. This 
trial was conducted in full accordance with the 
International Council for Harmonisation consoli-
dated guideline for Good Clinical Practice (E6), 

standard ISO 14155 of the International Organi-
zation for Standardization (Clinical Investiga-
tion of Medical Devices for Human Subjects — 
Good Clinical Practice), International Headache 
Society guidelines for controlled trials of preven-
tive treatment of migraine in children and ado-
lescents,21 and any relevant national and local 
regulations. The authors assume responsibility 
for the conduct of the trial and the adherence of 
the trial to the protocol and for collecting, record-
ing, and reporting the data and adverse events 
accurately and properly. Written informed con-
sent was obtained from the parent or guardian of 
each participant, and assent was obtained from 
each participant as appropriate before any trial 
procedures or assessments were done. The trial 
sponsor, Teva Pharmaceuticals, provided the 
trial medication, performed the statistical analy-
sis, and funded the trial. All the authors contrib-
uted to writing the manuscript, reviewed and 
commented on initial drafts, and approved the 
final version.

Trial Participants

This trial was conducted at 89 sites, 74 of which 
enrolled at least one participant, in nine coun-
tries from August 20, 2020, to March 13, 2024 
(see the Supplementary Methods section in the 
Supplementary Appendix, available at NEJM.org). 
The trial included participants 6 to 17 years of 
age with a diagnosis of episodic migraine (de-
fined as migraine for ≥6 months and a history 
of ≤14 headache days per month), with or with-
out aura (consistent with the International Clas-
sification of Headache Disorders, 3rd edition).22 
Participants had to have at least 4 headache days 
per month in each of the 3 months before screen-
ing. Up to 30% of participants using a stable dose 
of no more than two concomitant migraine-
preventive medications for at least 2 months be-
fore screening could be included. Key exclusion 
criteria included clinically significant coexisting 
conditions (any coexisting condition that the 
investigator deemed would, in their opinion, 
place the participant at unacceptable risk or af-
fect the integrity of the data), use of medica-
tions containing opioids or barbiturates for the 
treatment of migraine during the 3 months be-
fore screening, a history of hemiplegic migraine, 
use of monoclonal antibodies targeting the 
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CGRP pathway within the preceding 6 months, 
and use of an intervention or device for the 
treatment of migraine or in the head or neck 
area for any condition during the 2 months be-
fore screening.

Trial Design

This multicenter, parallel-group, randomized, pla-
cebo-controlled trial consisted of a 28-day base-
line period and a 3-month double-blind period. 
During the baseline period, participants were 
required to maintain a headache diary with data 
entry on at least 21 days and were permitted to 
use acute migraine medication, except for those 
containing opioids or barbiturates, and mi-
graine-preventive medications that had been 
taken at a stable dose for at least 2 months be-
fore screening. At the start of the double-blind 
period, participants were randomly assigned in 
a centralized fashion and in a 1:1 ratio to receive 
monthly fremanezumab by subcutaneous injec-
tion (120 mg for participants with a body weight 
of <45.0 kg and 225 mg for those with a body 
weight of ≥45.0 kg) or matched monthly placebo 
for 3 months. Randomization was performed 
with the use of interactive response technology 
and was stratified according to country, sex, pu-
berty status (participant-reported Tanner stage), 
and use of preventive medication at baseline. 
The sponsor, investigators, trial staff (except for 
the clinical supply team and staff involved in the 
bioanalytical analyses), and participants were un-
aware of the trial-group assignments. Scheduled 
visits are outlined in the Supplementary Meth-
ods section.

Primary and Key Secondary End Points

The primary end point was the least-squares 
mean change from baseline in the average num-
ber of migraine days per month during the 
3-month double-blind period. A migraine day 
was defined as a calendar day (00:00 to 23:59) in 
which the participant reported any of the follow-
ing three events: at least 2 consecutive hours of 
headache that was accompanied by at least two 
migraine symptoms (headache of moderate-to-
severe intensity, headache worsening with activ-
ity, headache in unilateral location, or migraine 
throbbing in nature) and was associated with 
either nausea or photophobia and phonophobia; 

a headache of any duration that was treated with 
nonsteroidal antiinflammatory drugs, paracetamol, 
triptans, or ergot compounds; or a headache as-
sociated with aura.

Key secondary end points were the least-
squares mean change from baseline in the aver-
age number of days per month with headache of 
at least moderate severity (defined as headache 
of moderate or severe intensity, or any intensity 
with use of acute headache medications), a re-
duction of 50% or more in the number of mi-
graine days per month, the least-squares mean 
change in the average number of days per month 
in which acute headache medication was used, 
the least-squares mean change in the Pediatric 
Migraine Disability Assessment (PedMIDAS) to-
tal score (a 6-item questionnaire; scores range 
from 0 to 270, with a score of 0 to 10 indicating 
no or little disability, 11 to 30 mild disability, 31 
to 50, moderate disability, and >50 severe disabil-
ity),23 and the least-squares mean change in the 
child-reported Pediatric Quality of Life (PedsQL) 
total score (a 23-item questionnaire; scores range 
from 1 to 100, with higher scores indicating better 
quality of life).24 The least-squares mean change 
in the average number of days per month with 
headache of any severity and Patient Global Im-
pression of Improvement (PGI-I) were evaluated 
as prespecified exploratory end points.

The safety and side-effect profile were evalu-
ated on the basis of adverse-event reports, clinical 
laboratory tests (serum chemical, hematologic, 
coagulation, and urinalysis tests), vital signs 
(blood pressure and pulse), findings on electro-
cardiography (ECG), findings on physical exami-
nation, concomitant medication use, and suicidal 
ideation and behavior according to the Columbia–
Suicide Severity Rating Scale (C-SSRS).

Statistical Analysis

The intention-to-treat analysis population was 
planned to include all the participants who un-
derwent randomization. The full analysis popu-
lation included those in the intention-to-treat 
analysis population who received at least one dose 
of fremanezumab or placebo and had at least 10 
days of postbaseline efficacy assessments (i.e., 
diary entries) regarding the primary end point; 
if fewer than 10 days were recorded, the value 
for that month was considered to be missing. 
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The potential effect of missing data on the pri-
mary analysis was assessed by means of a pre-
specified sensitivity analysis that used reference-
based multiple imputation25 incorporating both 

missing-at-random and missing-not-at-random 
assumptions. Further details on the handling of 
missing data are included in the Supplementary 
Methods section. The full analysis population 
was used for all efficacy analyses, unless other-
wise specified. The safety analysis population 
included all the participants who took at least one 
dose of fremanezumab or placebo. In the safety 
analysis population, treatment was assigned on 
the basis of the intervention that participants 
received, regardless of the intervention to which 
they were assigned.

A hierarchical testing procedure was applied 
to control the type I error rate at 0.05, with a 
prespecified sequence of comparisons starting 
with the primary end point and proceeding to 
key secondary end points in the order listed in 
the Supplementary Methods section. The hierar-
chical testing sequence was finalized before 
database lock. A P value of less than 0.05 was 
considered to be statistically significant only if 
all preceding end points in the hierarchy were 
statistically significant.

Details of the sample-size calculation, interim 
analysis, and statistical analysis methods are 
provided in the Supplementary Methods section. 
The full statistical analysis plan is available with 
the protocol.

R esult s

Participants

Of 411 screened participants, 237 were assigned 
to receive either fremanezumab (123 participants, 
of whom 36 received the 120-mg dose and 87 
received the 225-mg dose) or placebo (112 par-
ticipants); however, 2 participants were excluded 
from all analysis populations owing to nonad-
herence to Good Clinical Practice guidelines 
(Fig. S1 in the Supplementary Appendix). The 
most common reasons for screening failure are 
described in the Supplementary Results section 
in the Supplementary Appendix. Of the 235 par-
ticipants, all 123 of those assigned to receive 
fremanezumab and 111 of 112 (99.1%) of those 
assigned to receive placebo had data available 
for analyses of efficacy end points and were in-
cluded in the full analysis population (234 par-
ticipants). Of the randomly assigned partici-
pants, 96.7% (119 of 123) in the fremanezumab 

Table 1. Demographic and Clinical Characteristics of the Participants at 
Baseline.*

Characteristic
Fremanezumab 

(N = 123)
Placebo 
(N = 112)

Age

Mean — yr 13.3±2.7 13.4±3.0

Distribution — no. (%)

6–11 yr 32 (26) 32 (29)

12–17 yr 91 (74) 80 (71)

Female sex — no. (%) 66 (54) 64 (57)

Race — no. (%)†

White 96 (78) 84 (75)

Nonwhite 9 (7) 7 (6)

Unknown or not reported‡ 18 (15) 21 (19)

Weight

Mean — kg 52.6±15.5 52.1±15.8

Distribution — no. (%)

<45 kg 36 (29) 33 (29)

≥45 kg 87 (71) 79 (71)

Body-mass index§ 20.50±3.98 20.57±3.88

Time since initial migraine diagnosis — yr 4.4±3.0 4.4±3.1

Migraine with aura — no. (%) 41 (33) 30 (27)

Migraine days per month 7.8±3.1 7.5±2.8

Days per month with headache of at least 
moderate severity

8.2±3.1 7.9±2.8

Days per month in which acute headache 
medication was used

5.8±3.6 5.6±3.4

PedMIDAS total score¶ 44.4±26.5 46.5±43.6

Child-reported PedsQL total score‖ 72.0±13.1 72.7±13.7

*	�Plus–minus values are means ±SD.
†	�Race was reported by the participant, parent, or guardian.
‡	�Most participants for whom race was unknown or not reported were from 

Finland.
§	� The body-mass index is the weight in kilograms divided by the square of the 

height in meters.
¶	�Pediatric Migraine Disability Assessment (PedMIDAS) total scores range from 

0 to 270, with a score of 0 to 10 indicating no or little disability, 11 to 30 mild 
disability, 31 to 50 moderate disability, and more than 50 severe disability.

‖	�Pediatric Quality of Life (PedsQL) total scores range from 1 to 100, with 
higher scores indicating better health-related quality of life.
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group and 94.6% (106 of 112) in the placebo 
group completed the 3-month double-blind pe-
riod. The primary end-point analysis was based 
on 84 diary days (28 per month during the 12-
week treatment period). Diary completion was 
generally high. One participant (0.4%) had fewer 
than 10 postbaseline diary days and was ex-
cluded from the full analysis population.

The demographic and clinical characteristics 
of the participants at baseline were similar in 
the two groups (Table 1). The mean (±SD) num-
ber of migraine days per month was 7.8±3.1 in 
the fremanezumab group and 7.5±2.8 in the 
placebo group. Most participants (97.9% [230 of 
235]) received migraine- or headache-specific 
concomitant medications during the trial, with 
their use being similar in the two trial groups. 
Previous preventive medication was used by 
21.3% of the participants (50 of 235) in the base-
line period. Further details on previous and 
concomitant use of preventive medication are 
provided in Table S1. Participants’ medical his-
tory is shown in Table S2. This trial population 
was reflective of the real-world population of 
children and adolescents with episodic migraine 
(Table S3).

Efficacy

The least-squares mean change from baseline in 
the average number of migraine days per month 
during the 3-month double-blind period (pri-
mary end point) was significantly greater in the 
fremanezumab group than in the placebo group 
(–2.5 days [95% confidence interval {CI}, –3.2 to 
–1.7] vs. –1.4 days [95% CI, –2.2 to –0.7]; P = 0.02). 
Results for the change in migraine days per 
month are shown in Table  2, Figure  1A, and 
Figure S2.

There was a significantly greater reduction in 
the number of days per month with headache of 
at least moderate severity with fremanezumab 
than with placebo (–2.6 days [95% CI, –3.4 to 
–1.8] vs. –1.5 days [95% CI, –2.3 to –0.7]; P = 0.02) 
(Table 2 and Fig. S3). A significantly higher per-
centage of participants receiving fremanezumab 
had a reduction of 50% or more in the number 
of migraine days per month than those receiving 
placebo (47.2% [58 of 123] vs. 27.0% [30 of 111]; 
odds ratio, 2.5 [95% CI, 1.4 to 4.4]; P = 0.002) 
(Table  2 and Fig.  1B). The least-squares mean 

change in the average number of days per month 
in which acute headache medication was used 
was –2.1 days (95% CI, –2.6 to –1.5) with frema-
nezumab and –1.0 days (95% CI, –1.6 to –0.4) 
with placebo (P = 0.002) (Table 2 and Fig. S4).

The least-squares mean change in the  
PedMIDAS total score at month 3 was –21.6 
points (95% CI, –28.1 to –15.1) with fremanez-
umab and –15.3 points (95% CI, –22.0 to –8.7) 
with placebo (difference, –6.3 points; 95% CI, 
–13.7 to 1.2; P = 0.10) (Table 2). Given that this 
P value did not indicate significance, the hierar-
chical testing procedure was stopped. At month 
3, the least-squares mean change in the child-
reported PedsQL total score was 5.7 points (95% 
CI, 3.1 to 8.3) in the fremanezumab group and 
6.2 points (95% CI, 3.5 to 8.9) in the placebo 
group (difference, –0.5 points; 95% CI, –3.5 to 2.5).

The least-squares mean change in the average 
number of days per month with headache of any 
severity was –2.5 days (95% CI, –3.4 to –1.7) with 
fremanezumab and –1.5 days (95% CI, –2.4 to 
–0.6) with placebo (difference, –1.0; 95% CI, 
–2.1 to –0.04). The PGI-I results are shown in 
Table S4.

Safety

In total, 68 of 123 participants (55.3%) receiving 
fremanezumab and 55 of 112 (49.1%) receiving 
placebo had at least one adverse event; most 
adverse events were nonserious and mild to 
moderate in severity (Table 3 and Table S5). Seri-
ous adverse events were reported by 2 partici-
pants in the fremanezumab group (hepatitis 
secondary to infectious mononucleosis and mi-
graine exacerbation resulting in hospitalization 
in 1 participant each). One participant in the 
fremanezumab group (0.8%) had an adverse event 
involving a mild increase in the alanine amino-
transferase level from 23 U per liter at baseline 
to 68 U per liter that led to discontinuation of 
participation in the trial. Three participants re-
ceiving placebo reported a serious adverse event 
(thrombocytopenia, hemiparesis, and migraine in 
1 participant each). No deaths occurred.

General disorders and administration-site con-
ditions occurred in 21.1% of the participants (26 
of 123) in the fremanezumab group and 18.8% of 
the participants (21 of 112) in the placebo group. 
Injection-site erythema was the most common 
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adverse event, occurring in 9.8% of the partici-
pants (12 of 123) receiving fremanezumab and 
5.4% of the participants (6 of 112) receiving 
placebo. No notable differences in adverse events 
were observed across trial groups when assessed 
according to age (Table S6).

No safety signals were observed in the ad-
verse events reported or after analyses of clinical 
laboratory measures, physical examinations, vital 
signs, and ECG assessments. Evaluation of the 
C-SSRS results did not show evidence of an in-
crease in suicidal ideation or behavior in partici-
pants receiving fremanezumab as compared with 
placebo.

Discussion

In this randomized, controlled trial assessing 
fremanezumab for the preventive treatment of 
episodic migraine in children and adolescents, 
reductions in the number of migraine days per 
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month, days per month with headache of at least 
moderate severity, and days per month in which 
acute headache medication was used were ap-
proximately 1 day greater with fremanezumab 

than with placebo. These findings are consistent 
with those of the HALO-EM trial of fremanez-
umab in adults with episodic migraine, in which 
the reduction in the number of migraine days per 

Table 3. Adverse Events According to Trial Group.*

Event

Fremanezumab, 
120 mg 
(N = 36)

Fremanezumab, 
225 mg 
(N = 87)

All 
Fremanezumab 

(N = 123)
Placebo 
(N = 112)

number of participants (percent)

Any adverse event 20 (56) 48 (55) 68 (55) 55 (49)

Adverse event related to fremanezumab or placebo† 6 (17) 17 (20) 23 (19) 21 (19)

Severe adverse event 2 (6) 2 (2) 4 (3) 4 (4)

Serious adverse event 1 (3) 1 (1) 2 (2) 3 (3)

Blood and lymphatic system disorders 0 0 0 1 (<1)

Immune thrombocytopenia 0 0 0 1 (<1)

Infections and infestations 0 1 (1) 1 (<1) 0

Hepatitis infectious mononucleosis 0 1 (1) 1 (<1) 0

Nervous system disorders 1 (3) 0 1 (<1) 2 (2)

Migraine 1 (3) 0 1 (<1) 1 (<1)

Hemiparesis 0 0 0 1 (<1)

Adverse event leading to discontinuation of participation in the 
trial‡

1 (3) 0 1 (<1) 0

Adverse event leading to death 0 0 0 0

Adverse events occurring in ≥5% of participants in any group

General disorders and administration-site conditions 5 (14) 21 (24) 26 (21) 21 (19)

Injection-site erythema 1 (3) 11 (13) 12 (10) 6 (5)

Injection-site pain 0 6 (7) 6 (5) 6 (5)

Injection-site swelling 1 (3) 5 (6) 6 (5) 1 (<1)

Pyrexia 0 4 (5) 4 (3) 1 (<1)

Vaccination-site pain§ 2 (6) 0 2 (2) 1 (<1)

Infections and infestations 9 (25) 24 (28) 33 (27) 31 (28)

Nasopharyngitis 3 (8) 8 (9) 11 (9) 8 (7)

Covid-19 2 (6) 5 (6) 7 (6) 6 (5)

Upper respiratory tract infection 2 (6) 4 (5) 6 (5) 5 (4)

Gastroenteritis 0 4 (5) 4 (3) 1 (<1)

Nervous system disorders 3 (8) 6 (7) 9 (7) 6 (5)

Dizziness 0 5 (6) 5 (4) 0

Headache 2 (6) 0 2 (2) 2 (2)

*	�All adverse events were coded according to system organ class and preferred term with the use of the Medical Dictionary for Regulatory 
Activities, version 26.0 or higher. A more comprehensive list of adverse events reported according to trial group is provided in Table S5. 
Covid-19 denotes coronavirus disease 2019.

†	�The relatedness of adverse events to fremanezumab or placebo was determined by the investigators.
‡	�One adverse event involving a mild increase in the alanine aminotransferase level led to discontinuation of participation in the trial.
§	� Shown are events related to the administration of concomitant medications during the trial.
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month was 1.5 days greater with fremanezumab 
than with placebo, with improvements similar 
to those observed in this trial reported for use 
of acute headache medication.13 A reduction of 
50% or more in migraine days per month is 
generally considered to be the benchmark of 
successful migraine prevention.26,27 In this trial, 
47.2% of the participants in the fremanezumab 
group and 27.0% of those in the placebo group 
reached this threshold, which is similar to the 
47.7% and 27.9% reported for monthly fremanez-
umab and placebo, respectively, in the HALO-EM 
trial.13

The most commonly used preventive treat-
ments in children and adolescents, including 
topiramate, propranolol, and amitriptyline, can 
have side effects.28,29 In this trial, the safety and 
side-effect profile of fremanezumab in children 
and adolescents were similar to those in a trial 
of fremanezumab in adults with episodic mi-
graine.13 Most adverse events were nonserious 
and mild to moderate in severity. One partici-
pant had an increase in the alanine aminotrans-
ferase level that led to discontinuation of par-
ticipation in the trial. General disorders and 
administration-site conditions, including injection-
site erythema, were more frequent with frema-
nezumab than with placebo, but these events 
were mild to moderate and did not vary substan-
tially in severity between trial groups. No sub-
stantial differences in the safety profile of frema-
nezumab were identified between children and 
adolescents.

A high placebo response is a considerable 
challenge in studies involving children and ado-
lescents with migraine, occurring in up to 30 
to 61% of patients.30 The underlying reasons for 
this are complex and probably include a combi-
nation of expectation response, a standardized 
treatment plan that includes short-term therapy 
during a migraine attack and healthy habits, and 
simply being evaluated by a specialist.31,32 In this 
trial, material was developed specifically for  
the investigative sites to minimize placebo re-
sponse. As a result, the placebo response was 
low; the odds of having a reduction of 50% or 
more in the number of migraine days per month 
during the 3-month double-blind period were 
almost twice as high with fremanezumab as 
with placebo.

The population studied in this trial was reflec-
tive of the real-world clinical population of chil-
dren and adolescents with episodic migraine, and 
the inclusion of participants across age ranges 
and geographic regions enhances the generaliz-
ability of these results. The generalizability was 
further enhanced by including participants with 
a long history of headache as well as those who 
have had a lack of response to other treat-
ments.33,34 To allow these persons to participate, 
this trial permitted up to 30% of the partici-
pants using a stable dose of no more than two 
concomitant migraine-preventive medications for 
at least 2 months before screening, while limit-
ing inclusion to 30% ensured that the trial was 
not overweighted with these participants.

Although current evidence suggests that the 
classification of migraine as episodic migraine 
and chronic migraine may be artificial,35 regula-
tory guidelines for drug development in this 
indication require demonstration of efficacy  
and safety in both subgroups independently,36 and, 
therefore, a parallel trial involving children and 
adolescents with chronic migraine has been com-
pleted (ClinicalTrials.gov number, NCT04464707). 
The ongoing open-label extension of both trials 
will provide additional insights on the long-term 
use of fremanezumab in children and adoles-
cents.

In this trial, treatment with fremanezumab 
for 3 months led to significant reductions in the 
number of migraine days per month, days per 
month with headache of at least moderate sever-
ity, and days per month in which acute headache 
medication was used, as compared with placebo, 
in children and adolescents with episodic mi-
graine. Except for injection-site reactions, there 
were no safety issues identified. These data add 
to the limited evidence on the efficacy and safety 
of migraine-preventive treatments in children and 
adolescents.

Supported by Teva Pharmaceuticals.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.
We thank the participants, their families, investigators, and site 

personnel for their participation and commitment to this work; 
Andrew Ahn, Tamar Erez, and Melissa Grozinski-Wolff for their 
contribution to designing the study and gathering data; and Suzy-
Erin Collins for analyzing data. Medical writing support for the 
development and first draft of this manuscript, under the direction 

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Biblioteca Nacional de Salud y Seguridad Social on January 19, 2026. 

 Copyright © 2026 Massachusetts Medical Society. All rights reserved, including those for text and data mining, AI training, and similar technologies.

http://clinicaltrials.gov/show/NCT04464707


n engl j med 394;3  nejm.org  January 15, 2026 251

Fremanezumab in Children with Episodic Migr aine

of the authors, was provided by Niamh Scott of Ashfield Med-
Comms, an Inizio company, and funded by Teva Pharmaceuticals.

Author Information
1 Cincinnati Children’s Hospital Medical Center, University of 
Cincinnati College of Medicine, Cincinnati; 2 Children’s Hospi‑
tal of Philadelphia, Philadelphia; 3 Perelman School of Medicine 

at the University of Pennsylvania, Philadelphia; 4 Headache and 
Pain Unit, IRCCS San Raffaele, Rome; 5 San Raffaele University, 
Rome; 6 Headache Unit and Research Group, Vall d’Hebron 
Hospital and Research Institute, Universitat Autonoma de Bar‑
celona, Barcelona; 7 Department of Pediatric Neurology, Chil‑
dren’s Hospital, Charité-Universitätsmedizin Berlin, Berlin; 
8 Teva Branded Pharmaceutical Products R&D, West Chester, 
PA; 9 Teva Pharmaceutical Industries, Tel Aviv, Israel.

References
1.	 Onofri A, Pensato U, Rosignoli C, et 
al. Primary headache epidemiology in 
children and adolescents: a systematic re-
view and meta-analysis. J Headache Pain 
2023;​24:​8.
2.	 Szperka C. Headache in children and 
adolescents. Continuum (Minneap Minn) 
2021;​27:​703-31.
3.	 Peres MFP, Sacco S, Pozo-Rosich P, et 
al. Migraine is the most disabling neuro-
logical disease among children and ado-
lescents, and second after stroke among 
adults: a call to action. Cephalalgia 2024;​
44:​3331024241267309.
4.	 Torres-Ferrus M, Vila-Sala C, Quin-
tana M, et al. Headache, comorbidities 
and lifestyle in an adolescent population 
(the TEENs study). Cephalalgia 2019;​39:​
91-9.
5.	 Oskoui M, Pringsheim T, Holler-Man-
agan Y, et al. Practice guideline update 
summary: acute treatment of migraine in 
children and adolescents: report of the 
Guideline Development, Dissemination, 
and Implementation Subcommittee of 
the American Academy of Neurology and 
the American Headache Society. Headache 
2019;​59:​1158-73.
6.	 Hershey AD, Powers SW, Coffey CS, 
Eklund DD, Chamberlin LA, Korbee LL. 
Childhood and Adolescent Migraine Pre-
vention (CHAMP) study: a double-blinded, 
placebo-controlled, comparative effective-
ness study of amitriptyline, topiramate, 
and placebo in the prevention of child-
hood and adolescent migraine. Headache 
2013;​53:​799-816.
7.	 Powers SW, Coffey CS, Chamberlin 
LA, et al. Trial of amitriptyline, topira-
mate, and placebo for pediatric migraine. 
N Engl J Med 2017;​376:​115-24.
8.	 AJOVY. North Wales, PA:​ Teva Pharma-
ceuticals, 2021 (package insert) (https://
www​.accessdata​.fda​.gov/​drugsatfda​_docs/​
label/​2021/​761089s013lbl​.pdf).
9.	 European Medicines Agency. Ajovy. 
April 4, 2025 (https://www​.ema​.europa​.eu/​
en/​medicines/​human/​EPAR/​ajovy).
10.	Otsuka Pharmaceutical. Otsuka ob-
tains approval in Japan for auto-injector 
dosage form for AJOVY® subcutaneous 
injection 225 mg for preventive treatment 
of migraine. June 15, 2022 (https://www​
.otsuka​.co​.jp/​en/​company/​newsreleases/​
2022/​20220615​_1​.html).

11.	 South Korean Ministry of Food and 
Drug Safety. 2021 drug approval report. 
June 2022 (https://www​.mfds​.go​.kr/​eng/​
brd/​m​_19/​down​.do?brd​_id=​
eng0004&seq=​70437&data​_tp=​A&file 
​_seq=​1).
12.	Camara De Comercio Argentino Is-
raeli. Llegó a la Argentina una nueva 
medicación para el tratamiento preventivo 
de la migraña (https://ccai​.org​.ar/​llego​-a​
-la​-argentina​-una​-nueva​-medicacion 
​-para​-el​-tratamiento​-preventivo​-de​-la​
-migrana/​).
13.	 Dodick DW, Silberstein SD, Bigal ME, 
et al. Effect of fremanezumab compared 
with placebo for prevention of episodic 
migraine: a randomized clinical trial. 
JAMA 2018;​319:​1999-2008.
14.	 Goadsby PJ, Silberstein SD, Yeung PP, 
et al. Long-term safety, tolerability, and 
efficacy of fremanezumab in migraine: 
a randomized study. Neurology 2020;​
95(18):​e2487-e2499.
15.	 Ferrari MD, Diener HC, Ning X, et al. 
Fremanezumab versus placebo for mi-
graine prevention in patients with docu-
mented failure to up to four migraine 
preventive medication classes (FOCUS): a 
randomised, double-blind, placebo-con-
trolled, phase 3b trial. Lancet 2019;​394:​
1030-40.
16.	 Greene KA, Gentile CP, Szperka CL, et 
al. Calcitonin gene-related peptide mono-
clonal antibody use for the preventive 
treatment of refractory headache disor-
ders in adolescents. Pediatr Neurol 2021;​
114:​62-7.
17.	 Bandatmakur ASM, Dave P, Kerr M, 
Brunick C, Wen S, Hansen N. Effective-
ness and tolerability of anti-calcitonin 
gene-related peptide therapy for migraine 
and other chronic headaches in adoles-
cents and young adults: a retrospective 
study in the USA. Brain Sci 2024;​14:​879.
18.	 Szperka CL, VanderPluym J, Orr SL, et 
al. Recommendations on the use of anti-
CGRP monoclonal antibodies in children 
and adolescents. Headache 2018;​58:​1658-
69.
19.	 VanderPluym JH, Victorio MCC, Oak-
ley CB, Rastogi RG, Orr SL. Beyond the 
guidelines: a narrative review of treat-
ments on the horizon for migraine in chil-
dren and adolescents. Neurology 2023;​101:​
788-97.

20.	Charles AC, Digre KB, Goadsby PJ, 
Robbins MS, Hershey A. Calcitonin gene-
related peptide-targeting therapies are a 
first-line option for the prevention of mi-
graine: an American Headache Society 
position statement update. Headache 2024;​
64:​333-41.
21.	Abu-Arafeh I, Hershey AD, Diener 
H-C, Tassorelli C. Guidelines of the Inter-
national Headache Society for controlled 
trials of preventive treatment of migraine 
in children and adolescents, 1st edition. 
Cephalalgia 2019;​39:​803-16.
22.	Headache Classification Committee 
of the International Headache Society 
(IHS). The International Classification of 
Headache Disorders, 3rd edition (beta 
version). Cephalalgia 2013;​33:​629-808.
23.	Hershey AD, Powers SW, Vockell AL, 
LeCates S, Kabbouche MA, Maynard MK. 
PedMIDAS: development of a question-
naire to assess disability of migraines in 
children. Neurology 2001;​57:​2034-9.
24.	Shirley Ryan AbilityLab. Pediatric 
Quality of Life (PedsQL) inventory generic 
core scales 4.0. August 31, 2022 (https://
www​.sralab​.org/​rehabilitation​-measures/​
pediatric​-quality​-life​-pedsql​-inventory​
-generic​-core​-scales​-40​-0).
25.	 Liu GF, Pang L. On analysis of longi-
tudinal clinical trials with missing data 
using reference-based imputation. J Bio-
pharm Stat 2016;​26:​924-36.
26.	American Headache Society. The Amer-
ican Headache Society position statement 
on integrating new migraine treatments 
into clinical practice. Headache 2019;​59:​
1-18.
27.	 Silberstein SD. Preventive migraine 
treatment. Continuum (Minneap Minn) 
2015;​21:​973-89.
28.	Topamax. Titusville, NJ:​ Janssen, 2017 
(package insert) (https://www​.accessdata 
​.fda​.gov/​drugsatfda​_docs/​label/​2017/​
020505s057​_020844s048lbl​.pdf).
29.	 Papetti L, Ursitti F, Moavero R, et al. 
Prophylactic treatment of pediatric mi-
graine: is there anything new in the last 
decade? Front Neurol 2019;​10:​771.
30.	Oskoui M, Pringsheim T, Billinghurst 
L, et al. Practice guideline update sum-
mary: pharmacologic treatment for pedi-
atric migraine prevention: report of the 
Guideline Development, Dissemination, 
and Implementation Subcommittee of the 

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Biblioteca Nacional de Salud y Seguridad Social on January 19, 2026. 

 Copyright © 2026 Massachusetts Medical Society. All rights reserved, including those for text and data mining, AI training, and similar technologies.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761089s013lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761089s013lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761089s013lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/ajovy
https://www.ema.europa.eu/en/medicines/human/EPAR/ajovy
https://www.otsuka.co.jp/en/company/newsreleases/2022/20220615_1.html
https://www.otsuka.co.jp/en/company/newsreleases/2022/20220615_1.html
https://www.otsuka.co.jp/en/company/newsreleases/2022/20220615_1.html
https://www.mfds.go.kr/eng/brd/m_19/down.do?brd_id=eng0004&seq=70437&data_tp=A&file_seq=1
https://www.mfds.go.kr/eng/brd/m_19/down.do?brd_id=eng0004&seq=70437&data_tp=A&file_seq=1
https://www.mfds.go.kr/eng/brd/m_19/down.do?brd_id=eng0004&seq=70437&data_tp=A&file_seq=1
https://www.mfds.go.kr/eng/brd/m_19/down.do?brd_id=eng0004&seq=70437&data_tp=A&file_seq=1
https://ccai.org.ar/llego-a-la-argentina-una-nueva-medicacion-para-el-tratamiento-preventivo-de-la-migrana/
https://ccai.org.ar/llego-a-la-argentina-una-nueva-medicacion-para-el-tratamiento-preventivo-de-la-migrana/
https://ccai.org.ar/llego-a-la-argentina-una-nueva-medicacion-para-el-tratamiento-preventivo-de-la-migrana/
https://ccai.org.ar/llego-a-la-argentina-una-nueva-medicacion-para-el-tratamiento-preventivo-de-la-migrana/
https://www.sralab.org/rehabilitation-measures/pediatric-quality-life-pedsql-inventory-generic-core-scales-40-0
https://www.sralab.org/rehabilitation-measures/pediatric-quality-life-pedsql-inventory-generic-core-scales-40-0
https://www.sralab.org/rehabilitation-measures/pediatric-quality-life-pedsql-inventory-generic-core-scales-40-0
https://www.sralab.org/rehabilitation-measures/pediatric-quality-life-pedsql-inventory-generic-core-scales-40-0
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/020505s057_020844s048lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/020505s057_020844s048lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/020505s057_020844s048lbl.pdf


n engl j med 394;3  nejm.org  January 15, 2026252

Fremanezumab in Children with Episodic Migr aine

American Academy of Neurology and the 
American Headache Society. Neurology 
2019;​93:​500-9.
31.	 Faria V, Linnman C, Lebel A, Borsook 
D. Harnessing the placebo effect in pedi-
atric migraine clinic. J Pediatr 2014;​165:​
659-65.
32.	Weimer K, Gulewitsch MD, Schlarb 
AA, Schwille-Kiuntke J, Klosterhalfen S, 
Enck P. Placebo effects in children: a re-
view. Pediatr Res 2013;​74:​96-102.
33.	 Marshall A, Lindsay R, Clementi MA, 

Gelfand AA, Orr SL. Outpatient approach 
to resistant and refractory migraine in 
children and adolescents: a narrative re-
view. Curr Neurol Neurosci Rep 2022;​22:​
611-24.
34.	Kung TA, Totonchi A, Eshraghi Y, 
Scher MS, Gosain AK. Review of pediatric 
migraine headaches refractory to medical 
management. J Craniofac Surg 2009;​20:​
125-8.
35.	 Adams AM, Serrano D, Buse DC, et 
al. The impact of chronic migraine: the 

Chronic Migraine Epidemiology and Out-
comes (CaMEO) Study methods and base-
line results. Cephalalgia 2015;​35:​563-78.
36.	Abu-Arafeh I, Hershey AD, Diener 
H-C, Tassorelli C. Guidelines update: 
guidelines of the International Headache 
Society for controlled trials of preventive 
treatment of migraine in children and 
adolescents, 1st edition — an experi-
ence-based update. Cephalalgia 2023;​43:​
3331024231178239.
Copyright © 2026 Massachusetts Medical Society.

journal archive at nejm.org

Every article published by the Journal is now available at NEJM.org, beginning  
with the first article published in January 1812. The entire archive is fully searchable,  

and browsing of titles and tables of contents is easy and available to all.  
Individual subscribers are entitled to free 24-hour access to 50 archive articles per year. 
Access to content in the archive is also being provided through many institutional 

subscriptions.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Biblioteca Nacional de Salud y Seguridad Social on January 19, 2026. 

 Copyright © 2026 Massachusetts Medical Society. All rights reserved, including those for text and data mining, AI training, and similar technologies.


