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Abstract

Migraine affects up to 11% of children and adolescents, leading to substantial disability through school absenteeism, cognitive
impairment, and reduced quality of life. Traditionally, preventive treatment options for this population have been limited to
the off-label use of nutraceuticals, antiseizure medications, calcium channel blockers, serotonin modulators, antidepressants,
or beta-blockers, with limited efficacy and tolerability data. Monoclonal antibodies targeting the calcitonin gene-related
peptide (CGRP) pathway have transformed adult migraine prevention, and fremanezumab is the first in this class to receive
regulatory approval for pediatric use. In August 2025, the US Food and Drug Administration approved fremanezumab for
the preventive treatment of episodic migraine in patients aged 6—17 years weighing at least 45 kg, based on the pivotal phase
three SPACE trial. This randomized, placebo-controlled study demonstrated significant reductions in monthly migraine and
headache days, with nearly half of treated participants achieving a >50% response rate, and a safety profile consistent with
adult data. In this review, we provide an integrated, pediatric-focused synthesis of the pharmacokinetic, pharmacodynamic,
and regulatory evidence supporting fremanezumab use in children and adolescents. In particular, we contextualize popula-
tion pharmacokinetic modeling and pediatric phase 1 data to explain the rationale for weight-based dosing, exposure match-
ing with adults, and the selection of the dosing regimens used in clinical trials and regulatory labeling. Pharmacokinetic
analyses indicate that fremanezumab follows a two-compartment model with first-order absorption and a terminal half-life
of approximately 30 days in pediatric patients, similar to adults, with body weight as the primary determinant of exposure.
Finally, we discuss unresolved issues related to long-term CGRP blockade during growth, including theoretical effects on
vascular regulation, bone metabolism, and neurodevelopment. Overall, fremanezumab represents a novel, mechanism-based
preventive option for older children and adolescents with episodic migraine, while highlighting the need for continued lon-
gitudinal studies to define its long-term safety and optimal role in pediatric migraine management.
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Fremanezumab has been approved by the FDA as

the first anti-CGRP preventive treatment for episodic
migraine in children and adolescents aged 617 years
>45 kg, on the basis of the phase 3 SPACE trial.

Pharmacokinetics in pediatrics parallels adults when
adjusted for weight, supporting a two-tier dosing: 120
mg monthly for < 45 kg (only used in trials) and 225 mg
monthly for > 45 kg, with a ~30-day half-life.

The SPACE trial showed fremanezumab significantly
reduced migraine and headache days, nearly half of
patients achieved > 50% response, and safety was
consistent with adults, though long-term developmental
effects remain uncertain.

1 Introduction

Migraine is a highly prevalent and disabling neurovascular
disorder that affects not only adults but also a substantial
proportion of children and adolescents [1]. Epidemiologi-
cal studies estimate that migraine occurs in approximately
8-11% of the pediatric population, with prevalence increas-
ing with age and peaking during adolescence, particularly
in females [2]. Migraine in children and adolescents is asso-
ciated with a substantial disease burden, including school
absenteeism, reduced academic performance, impaired
social functioning, and decreased quality of life, often com-
parable to or exceeding the impact observed in adults [3].
Despite this significant burden, therapeutic options for pre-
ventive treatment in children and adolescents have histori-
cally been limited. Most available medications used in this
population, such as nutraceuticals, antiseizure medications,
calcium channel blockers, serotonin modulators, antidepres-
sants, and beta-blockers, lack robust evidence of efficacy
from controlled pediatric trials, and their use is frequently
off-label [4-7]. Importantly, the CHAMP study reported no
significant differences in reduction in headache frequency
or headache-related disability in childhood and adolescent
patients with migraine using amitriptyline, topiramate, or
placebo over a period of 24 weeks [8]. Additionally, con-
cerns regarding safety, tolerability, and potential develop-
mental effects have further limited the widespread adoption
of preventive medications in young patients with migraine.

The calcitonin gene-related peptide (CGRP) pathway has
emerged as a key therapeutic target in migraine pathophysi-
ology [9, 10], and monoclonal antibodies against CGRP
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(anti-CGRP mAbs) or its receptor have brought a significant
change in migraine prevention among adults [11]. However,
until recently, these drugs were not available for children and
adolescents (< 18 years). In August 2025, the US Food and
Drug Administration (FDA) [12] approved fremanezumab
for the preventive treatment of episodic migraine in patients
aged 6-17 years who weigh at least 45 kg, marking the
first approval of a CGRP-targeted therapy for a pediatric
indication. This decision was based on the pivotal phase 3
SPACE trial [13], which demonstrated substantial reduc-
tions in monthly migraine and headache days (MMDs and
MHDs, respectively), along with favorable responder rates
and a safety profile comparable to that observed in adults
[12, 14, 15].

This approval represents a significant advancement in
pediatric headache medicine. It offers, for the first time, an
evidence-based, mechanism-specific preventive therapy tai-
lored to migraine in young patients. Importantly, it addresses
the longstanding gap in pediatric care for migraine by pro-
viding an effective option to reduce the frequency and bur-
den of attacks during a critical period of cognitive, emo-
tional, and social development. In this review, we discuss the
pharmacokinetic (PK) and pharmacodynamic (PD) features
of fremanezumab in the pediatric population, including dos-
ing strategies such as allometric scaling, highlighting differ-
ences with the adult parameters and regulatory status.

2 Pharmacokinetic
2.1 Dose Adjustments and Scaling Strategies

Fremanezumab dosing in pediatric populations was deter-
mined using modeling and simulation approaches to account
for body size differences. The adult population PK model (a
two-compartment with weight as a covariate) was extrapo-
lated to pediatrics and subsequently refined using actual
pediatric phase 1 PK data (a summary of the trial is provided
in the Supplementary Information section, with detailed data
reported below). An initial assumption of a standard 0.75
exponent for clearance and 1.0 for volume (per 70 kg refer-
ence) was used to predict pediatric PK. However, after fitting
the model to the phase 1 data, the estimated exponents for
weight were adjusted accordingly. The clearance exponent
decreased slightly, indicating less-than-linear increase in
clearance (CL) with weight, and adjustments were required
for volume scaling. In fact, the best-fit pediatric model sug-
gested a weight exponent of ~0.83 for CL (compared with
about 1.05 in the adult model). This implies that younger
children clear fremanezumab a bit faster per kilogram than
predicted by simple 0.75 allometry, requiring a proportion-
ally higher dose per kilogram. Similarly, the central volume
exponent in the refined model differed from that of the adult,
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Table 1 Weight-banded pediatric dosing versus exposure matching

Fremanezumab dose

Steady-state exposure versus adults

<45kg 120 mg SC monthly (proposed dose, not
available)
>45 kg 225 mg SC monthly

AUC g4 and C,

Achieves adult-equivalent exposure; pediatric C,

'nax cOmparable to adults on 225 mg monthly.

(Slightly higher peak concentration in children, but within adult range).

and AUC virtually

max
the same as in adults.

No dose adjustment needed for > 45 kg.

SC subcutaneous, AUC g, 28-day area under curve, C,,, peak concentration

reflecting a somewhat different distribution pattern. The
outcome of the modeling exercise was the implementation
of the two-tier weight-based dosing regimen used in trials:
120 mg monthly for < 45 kg and 225 mg monthly for > 45
kg. This approach was validated through simulations, which
showed that 120 mg in a < 45 kg child yields an area under
the curve (AUC) nearly identical to an adult on 225 mg.
Table 1 summarizes how these doses correspond to adult-
equivalent exposure. For reference, the PK data of freman-
ezumab in adults are reported in previous papers [11, 16].

Notably, the model predicted that using 75 mg monthly
would underdose many lighter children (approximately a
threefold lower dose than the adult 225 mg, despite their
weight being only half to two thirds of that of an average
adult) [14]. The exposure-matching analysis strongly sup-
ported 120 mg as the appropriate pediatric dose for the < 45
kg group. No further subdivision within this weight range
appeared necessary, as simulations indicated that 120 mg
covered children between 17 and 45 kg. In fact, even a 17-kg
child on 120 mg would remain within the adult exposure
range (toward the higher end of peak concentration (C,,,,)),
providing a safety margin by which efficacy would not be
compromised by underdosing.

Regardless of the dose amount, the dosing frequency and
route remain the same as in adults (monthly subcutaneous
injection). The pediatric program did not explore quarterly
dosing (675 mg quarterly) considering weight adjustment
and the shorter duration of the trials; thus, all pediatric data
with fremanezumab are based on monthly administration.
Compared with adults, the pediatric dose per body weight is
slightly higher. For example, a 120-mg dose in a 30-kg child
results in about 4 mg/kg, as compared with about 3.2 mg/
kg with a dose of 225 mg in a 70-kg adult. This marginally
higher mg/kg is supported by the PK differences discussed
earlier. Additionally, there were no indications that pediatric
patients required any initial loading doses or titration; the
regimen was started at the full dose.

The phase 1 PK results guided dose selection for subse-
quent trials. Initially, 75 mg monthly was presumed—by
extrapolation—to produce pediatric exposures compara-
ble to efficacious levels in adults. However, observed data
revealed that 75 mg in children weighing < 45 kg resulted
in underdosing for many patients. After refining the PK

model with pediatric data, simulations indicated that a 120-
mg monthly dose in children under 45 kg would match the
exposure (AUC and trough concentrations) of the adult 225-
mg monthly regimen [17]. Consequently, a dose of approxi-
mately 4 mg/kg monthly in children under 45 kg is needed to
achieve drug exposure equivalent to adults, which is slightly
higher on a mg/kg basis than adult dose.

2.2 Pharmacokinetics Features

A dedicated open-label phase 1 trial evaluated fremane-
zumab PK in children aged 6-11 years (body weight 17-45
kg) [17]. In total, 15 patients received a single 75-mg subcu-
taneous dose. Sparse sampling (five time points over about
113 days) was employed to characterize the concentra-
tion—time profile. The median time to reach peak concentra-
tion (T},,,) in pediatric patients was approximately 1 week,
which was similar to adults (around 5-7 days). Notably, the
pediatric PK model indicated no need for an absorption lag
time, unlike the adult model, suggesting that drug absorp-
tion may be slightly faster or without delay in children [17].

Body weight had a pronounced effect on exposure. Chil-
dren at the lower end of the weight range achieved higher
concentrations from the same dose. For example, after 75
mg in the phase 1 study, children < 30 kg had a mean C,,,,
of ~34 pg/mL, versus ~16 pg/mL in those > 30 kg. Corre-
spondingly, the 28-day area under the curve (AUC,g,) was
about 16200 pg h/mL in <30-kg children, doubling the 8840
pg h/mL in 30-45-kg children [17]. This reflects a lower
apparent volume of distribution and clearance in smaller
children, leading to higher drug exposure for a given dose.
A population two-compartment PK model with first-order
absorption/elimination and allometric scaling on clearance
(CL) and volume (V) well described the data. In this phase 1
population [17], the model-estimated clearance for a typical
6—11-year-old was lower in absolute terms than in adults, as
expected for smaller body size. For instance, a ~25-30 kg
child was predicted to have a CL on the order of 0.06-0.07
L/day (about half the adult value), though weight-normal-
ized clearance was slightly higher than in adults. The elimi-
nation half-life in children appears to be on the same order
as adults (~30 days). While precise pediatric half-life values
were not reported, the modeling did not indicate a major
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Table 2 Comparative pharmacokinetics of fremanezumab

Adults

Children-adolescents (6—17 years)

T (time to C,

max)

~5-7 days

Cpax (mean, single dose) 225 mg SC — ~16 ug/mL

~1 week (similar, possibly slightly faster; no lag time in model)
75 mg: ~34 pg/mL (<30 kg) versus ~16 ug/mL (3045 kg);

Steady state 120 mg <45 kg or 225 mg >45 kg — adult-equivalent

AUC (28 days) ~8800 pg h/mL (225 mg)

75 mg: 16,200 (<30 kg) versus 8840 (3045 kg);

Adjusted pediatric dosing yields adult-equivalent exposure

Clearance (CL) ~0.1-0.14 L/day

Volume of distribution (V) ~6L
Half-life (tV2) ~30-31 days
Accumulation/Steady state ~ Steady state at ~5—6 months with

monthly dosing; ~2.3-fold accumu-
lation

Dose regimen 225 mg monthly or 675 mg quarterly

~0.06-0.07 L/day at 25-30 kg (lower absolute CL, but slightly higher
weight-normalized CL)

Lower absolute V in smaller children; ~6 L in > 45 kg adolescents
~30 days across ages; no major deviation from adults

Similar in pediatric patients; steady state ~5—-6 months, ~2.3-fold accumu-
lation

< 45 kg: 120 mg monthly (only in trial, not approved); > 45 kg: 225 mg
monthly

deviation from the adult half-life (~31 days); therefore, a
~4-week terminal half-life is assumed. This long half-life
aligns with the dosing interval of once monthly. No sig-
nificant accumulation or time-dependent clearance changes
were noted in pediatric simulations beyond what is seen in
adults (steady state ~6 months with monthly dosing) [17].

In the phase 3 pediatric trial (SPACE study, see below)
of patients aged 6—17 years, dosing was stratified by weight:
participants > 45 kg received 225 mg monthly, while those
< 45 kg received 120 mg monthly [17]. This strategy was
based on the PK modeling described above to equalize expo-
sure across the cohorts.

For patients at or above 45 kg, the PK of fremanezumab
mirrors that in adults. The predicted steady-state C,,, and
AUC in patients 6-17 years > 45 kg on 225 mg monthly are
similar to adult exposures. The apparent clearance is near
adult levels when scaled for weight (no evidence of age-
driven metabolic differences beyond size). Likewise, dis-
tribution volume (~6 L apparent volume) approaches adult
values. Thus, the elimination half-life in patients > 45 kg
is ~30-31 days, as in adults. For 12—17-year-olds who are
under 45 kg, the PK would align more with the 6-11-year-
old profile. Indeed, those patients in the trial were given
120 mg, and their exposure was projected (via the model)
to match the adult target. There is no intrinsic difference
in drug handling at age 12—17 years versus age 6—11 years
beyond body size. The population PK analyses did not iden-
tify maturation-related covariates other than weight. For
instance, age itself was not a significant independent factor
for CL or V once weight was accounted for. As in adults,
steady state in patients over 45 kg would be reached in ~5-6
months of monthly dosing (owing to the ~30 days half-life).
No dose interval adjustments were needed, and a once-
monthly schedule was effective and maintained through
levels. The PK accumulation ratio in monthly dosing (about
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2.3-fold increase from first dose to steady state) is expected
to be similar in adolescents as in adults. Comparative dif-
ferences in PK between pediatric and adult populations are
reported in Table 2.

2.3 Pharmacodynamics and Clinical Efficacy (SPACE
Trial)

The mechanism of fremanezumab in pediatric patients
is identical to that in adults; it binds circulating CGRP
ligand, preventing CGRP from activating its receptor, pri-
marily in the trigeminovascular system, thereby reducing
migraine frequency and severity through suppression of the
CGRP pathway. The pivotal phase 3 SPACE trial [13-15]
(NCTO04458857; the study design and characteristics are
reported in the Supplementary Information) demonstrated
that fremanezumab leads to significant reductions in
migraine frequency in children and adolescents, confirming
target engagement and downstream effect.

In the SPACE study [13-15], 237 children and ado-
lescents (130 females, 104 males) were randomized; 234
were included in the full analysis population. Of these, 112
were randomized to placebo, 36 to fremanezumab dose A
(< threshold weight), and 87 to dose B (> threshold weight).
A subset of patients (21.3%) was permitted to use up to two
additional concomitant preventive medications. Baseline
characteristics were well balanced, with a mean age of 13.3
+ 2.7 years and a predominance of female patients (55%).
Average baseline migraine frequency was 7.5-7.8 days/
month across groups.

A total of 119 on 123 fremanezumab-treated and 106 of
112 placebo-treated participants completed the 3-month
double-blind period. Discontinuations were infrequent and
mainly due to adverse events or loss to follow-up.
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Fremanezumab significantly reduced monthly migraine
days (MMDs) compared with placebo. The least squares
mean reduction was —2.5 days per month with freman-
ezumab versus —1.4 with placebo, corresponding to a treat-
ment difference of about 1.1 days (p = 0.02). Similarly,
monthly headache days (MHDs) of at least moderate severity
declined by —2.6 with fremanezumab compared with —1.5
with placebo (p = 0.02). Nearly half of patients treated with
fremanezumab (47.2%) achieved at least a 50% reduction
in MMDs, compared with 27.0% on placebo (p = 0.002).
Use of acute headache medications was also reduced more
in the active treatment group (—2.1 days versus —1.0 days;
p = 0.002). Migraine-related disability, measured with
PedMIDAS, improved by —21.6 points with fremanezumab
versus —15.3 with placebo, a difference that, however, was
not statistically different (p = 0.10), with hierarchical test-
ing stopped at this endpoint. LS mean changes from base-
line in MMD favored fremanezumab over placebo, also in
subgroups stratified by age (6-11 years: —3.4 versus —1.7;
12-17 years: —2.7 versus —1.8) and sex (male: —3.5 versus
—2.2; female: —2.3 versus —1.5) [15].

Regarding safety and tolerability [13-15], 225/235
patients were included in the safety population. The pro-
portion of participants reporting at least one adverse event
(AE) was similar across treatment groups, with 55% in the
fremanezumab group and 49% in the placebo group. Spe-
cifically, treatment-emergent adverse events were reported
in 49.1% of placebo, 55.6% of dose A, and 55.2% of dose B
participants, with no notable imbalances observed among
the groups. Adverse events leading to discontinuation were
rare. Immunogenicity analyses revealed low rates of anti-
drug antibodies, detected in 2.9% of dose A and 1.1% of
dose B participants.

In the safety analysis set, which included all participants
who received at least one dose of study medication, serious
adverse events (SAEs) were infrequent, occurring in 2.7%
of placebo recipients, 2.8% in the low-weight fremanezumab
group (dose A), and 1.2% in the high-weight group (dose B).
Reported SAEs in the fremanezumab groups included infec-
tious mononucleosis, and migraine, each occurring in iso-
lated instances. Notably, cases of hemiparesis and immune
thrombocytopenia reported during the study occurred in the
placebo group.

Nonserious adverse events were more common, reported
in 23.2% of placebo participants, 22.2% in dose A, and
33.3% in dose B. Most of these events were injection-site
reactions and mild infections. Injection-site erythema, pain,
or swelling were observed in fremanezumab-treated partici-
pants, with a slightly higher incidence in dose B compared
with dose A or placebo. Common infections included naso-
pharyngitis (7-9% across groups), coronavirus disease 2019
(COVID-19) (5-6%), and upper respiratory tract infections
(4-6%), with similar incidence between active and placebo

groups. Neurological events were infrequent: dizziness was
reported only in 5.8% of dose B participants, while headache
was noted in 1.8% of placebo and 5.6% of dose A.

Overall, the safety profile of fremanezumab in children
and adolescents was consistent with that observed in adults,
with no new or unexpected safety signals identified. No
significant changes in blood pressure, heart rate, or other
systemic biomarkers were reported in pediatric patients,
aligning with adult data, indicating that CGRP blockade
does not produce notable hemodynamic effects. However,
it is important to note that the study excluded patients with
clinically significant cardiovascular disease. The safety and
effectiveness of fremanezumab for the preventive treatment
of episodic migraine in pediatric patients younger than 6
years of age and in pediatric patients with chronic migraine
have not yet been established.

2.4 Ongoing Trials

Ongoing studies with fremanezumab in the pediatric popu-
lation include an open-label extension of the phase 3 trial,
which is in progress to collect 6—12-month safety and effi-
cacy data (NCT03539393) [18], as well as a completed study
on fremanezumab in pediatric patients with chronic migraine
for which results are not yet available (NCT04464707) [19].
Additionally, other ongoing studies are investigating differ-
ent anti-CGRP drugs, including gepants and anti-CGRP
mAbs, which are reviewed in [20]. Currently, no other drugs
in development for migraine are being tested [21].

2.5 Regulatory Status and Labeling

As previously mentioned, fremanezumab was granted an
expanded indication by the FDA in August 2025 for the pre-
ventive treatment of episodic migraine in pediatric patients
aged 6-17 years who weigh > 45 kg [22]. This marked it
as the first anti-CGRP therapy approved for any pediatric
population. The FDA label recommends 225 mg monthly
for those > 45 kg, administered either in-office or at home,
mirroring the adult dosing schedule [22]. The label explic-
itly states that “fremanezumab is not approved in pediatric
patients weighing less than 45 kg because of the lack of
an appropriate strength presentation” [22]. The approval
was based on the results of the phase 3 trial of the SPACE
study (reported above). Currently, the indication is limited
to episodic migraine; fremanezumab is not yet approved for
chronic migraine in pediatrics. The FDA label also specifies
that in children aged 6-12 years, fremanezumab injections
should be administered by a healthcare provider or adult
caregiver [22].

The European Medicines Agency (EMA) or other
major regulatory agencies have not approved fremane-
zumab for pediatric use yet. From a clinical point of view,
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recommendations on the use of anti-CGRP mAbs in children
and adolescents have already been published by the Ameri-
can Headache Society (AHS) [23].

2.6 Blocking CGRP in Children

Blocking CGRP in children may carry theoretical risks
owing to its role in vascular regulation, skeletal develop-
ment, gastrointestinal function, and neuro-immune signaling
[23, 24].

Experimental and human data indicate that CGRP path-
ways are already active during fetal life and childhood, with
high CGRP expression in sensory neurons and vascular
tissues early in development, followed by age-dependent
modulation across adolescence [9]. Clinical studies show
that children and adolescents with migraine have elevated
circulating CGRP levels compared with controls, supporting
a pathophysiological role similar to that observed in adults
[9, 25].

While short-term data demonstrate a reassuring safety
profile in both adults and children, the absence of long-
term developmental data means that potential subtle effects
on growth, puberty, or organ maturation cannot be fully
excluded [23, 24]. Therefore, longitudinal studies and post-
marketing surveillance are essential to confirm the safety
of sustained CGRP inhibition during long-term pediatric
development.

3 Conclusions

Fremanezumab exhibits a PK and PD profile in pediatric
patients that closely parallels that observed in adults when
adjusted for body size. Key PK parameters , including clear-
ance and half-life, as well as the two-compartment distribu-
tion are maintained in children, with body weight being the
primary differentiator. Clinically, the PD effect of fremane-
zumab in inhibiting the CGRP pathway results in significant
reductions in migraine frequency in children and adolescents
aged 6-17 years. The treatment was generally well toler-
ated, and its safety profile in pediatric patients mirrors that
in adults, with no new concerns identified.

With regulatory approval for older children and adoles-
cents, fremanezumab has the potential to address a signifi-
cant unmet need in pediatric migraine management.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13318-026-00990-7.
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