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Abstract

Background Calcitonin gene-related peptide monoclonal antibodies (CGRP mAbs) are an effective preventative therapy
for migraine; however, there have been rare reports of possible inflammatory complications. The primary objective of this
study was to examine the impact of CGRP mAbs on immune system activation by evaluating the plasma cytokine profile of
a cohort of patients pre- and post-CGRP mAb.

Methodology A prospective cohort study was undertaken at a tertiary headache service. Following informed consent and
screening, the plasma cytokine profile of participants was determined using a Simoa CorPlex human cytokine 10-plex with
ten targets: interferon gamma, interleukin-1p, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-22, and TNFa prior to initiation
of CGRP mAbD and following 3 months of therapy. A comparator group of healthy controls at a single time point was also
included.

Results A total of 22 patients with chronic migraine and 10 healthy controls were included in the study. Administration
of CGRP mAb was not associated with a significant change in cytokine expression (Wilk’s lambda 0.528, p =0.448). On
post-hoc analysis, there was a significant reduction in IL-5 levels (z=—2.321, p=0.020) following CGRP mAb therapy.
Conclusion In this study of patients with chronic migraine, we found no evidence that treatment with CGRP mABs is associ-

ated with a significant alteration in plasma cytokine levels or shift to a Th1 phenotype.
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Introduction

The calcitonin gene-related peptide receptor is expressed
widely throughout the body and has multiple biological
functions [1]. While the inhibition of CGRP or its canonical
receptor has been demonstrated to be an effective therapy in
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migraine, ongoing research is required to assess for possible
off-target effects of calcitonin gene-related peptide mono-
clonal antibodies (CGRP mADbs) to ensure their continued
safe use [1].

In 2021, we published a report of a series of patients
who developed new inflammatory complications follow-
ing treatment with a CGRP monoclonal antibody [2]. The
case series reported disparate inflammatory complica-
tions, including several severe flares of psoriasis/psoriatic
arthritis, autoimmune hepatitis, and granulomatosis with
polyangiitis. These cases all were temporally related to
the initiation of a CGRP mAb, led to cessation, and sub-
sequently improved post cessation, highlighting the pre-
clinical evidence of an interaction between CGRP and the
immune system, which was summarized previously [1, 2].
Briefly, CGRP had an inhibitory effect on several aspects
of the immune system, with reduced expression of CD86
and antigen presentation in dendritic cells, increased IL-10
expression in macrophages and monocytes, increased
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IL-17,IL-21, and IL-23 in Th17 cells, and decreased cyto-
lytic activity in natural killers cells [3, 4]. Furthermore,
CGRP negatively regulated the production of several
cytokines (IL22, IFNy, TNFa, IL23), shifting CD4 dif-
ferentiation from Th1 and Th17 pathways [3, 4]. A specu-
lative hypothesis for the observed cases was that inhibition
of CGRP therefore promoted a Th1 phenotype and altered
cytokine expression.

While there is pre-clinical evidence of an interaction
between CGRP and the immune system, and clinical
reports of inflammatory complications temporally related
to commencement of therapy [2], the broader clinical
significance remains unknown. Whether CGRP mAbs
impact cytokine expression sub-clinically in an unselected
migraine cohort is of relevance to determining the safety
of these medications.

Methodology
Study objectives

The primary objective of the study was to determine if the
initiation of CGRP monoclonal antibody therapy was asso-
ciated with a change in cytokine profile in a non-selected
population with chronic migraine. The secondary objective
was to determine if cytokine levels were elevated in chronic
migraine compared to healthy controls.

Design

A prospective single-center observational analytic study
with a case—control design. The study population included
patients with chronic migraine according to the International
Classification of Headache Disorders, third edition (ICHD-
3) [5] who were commenced on a CGRP mAb according
to local regulatory guidelines, which at the time of study
recruitment allowed patients with chronic migraine, who
had previously trialed three preventative medications and
addressed medication overuse headache to be commenced
on CGRP mAb [6], and excluded patients with co-morbid
health conditions that may impact study results (e.g. auto-
immune disorders), had previous exposure to a CGRP mAb,
exposure to immuno-modulatory treatment, or who were not
expected to be able to complete the study activities. Age and
sex-matched healthy controls were recruited.

Participants’ diagnosis was confirmed by a headache
sub-specialist as well as confirmation of demographic and
clinical data. Participants donated blood prior to initiation of
CGRP mAb and following three months of therapy. Healthy
controls donated blood at a single timepoint.
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Evaluation

All participants provided informed consent prior to study
activities. Participants were screened for intercurrent illness
and donated plasma prior to commencement of CGRP mAb
and after three months of continuous therapy. Participant
samples were processed within two hours of collection.
Samples underwent centrifugation and were stored in the
Alfred Neurosciences Biobank (— 80 °C) until ready for
analysis. Clinical evaluation of the efficacy of CGRP mAb
was determined by the treating clinician following three
months of therapy.

Sample analysis was undertaken on a Simoa™ CorPlex
human cytokine 10-plex (CPX) with ten targets: interferon
gamma (IFNY), interleukin (IL)-1p, IL-4, IL-5, IL-6, IL-8,
IL-10, IL-12p70, IL-22, and tumor necrosis factor alpha
(TNFa). The candidate cytokines targeted were chosen on
the basis of the pre-clinical data on possible interactions
with CGRP and the assays available [2]. Simoa CorPLex
analysis was chosen for the low duplicate coefficient of vari-
ation (CV), lower limit of detection and quantification, sen-
sitivity, and dynamic range (Quanterix, USA) [7].

Statistical assessment

Statistical analysis was performed using SPSS v29.0. Popu-
lation characteristics were summarized with descriptive
statistics. For the study cohort, paired samples at baseline
and following three months of therapy were assessed with
a one-way repeated measures MANOVA, with post-hoc
univariate analysis for each cytokine studied. Independ-
ent results—cytokine levels in the migraine population at
baseline were compared to healthy controls and assessed by
Mann-Whitney U test. Test results were considered signifi-
cant when p <0.05. This study received institutional review
board approval (HREC 157/19).

Results

A total of 22 cases and 10 controls completed the study.
The mean age of cases was 50.6 (SD 12.3) and 86.4% of
the population were female, consistent with the demograph-
ics of the disease. The mean age of patients with chronic
migraine was 40.5 (SD 12.3), and the controls were 43.1
(SD 14.5). Cases and controls were well matched for age
and sex. Population characteristics are available in Table 1.
All patients had chronic migraine at baseline; 19/22 were
commenced on galcanezumab and 3/22 on fremanezumab,
reflecting the local drug availability at the time of recruit-
ment. The mean duplicate coefficient of variation (CV) for
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Table 1 Population

characteristics Cases, N=22 Controls, N=10

Mean age (SD) 40.5 (12.3) 43.1(14.5) p=0.683
Female (%) 19 (86.4) 8 (80) p=0.624
Median MHD at baseline (SD) 28 (9) -

Median MHD at follow-up (SD) 8 (18) -

Median previous preventers (IQR) 4(2) -

CGRP mAb commenced N (%)

Fremanezumab 3(13.6) -

Galcanezumab 19 (86.4) -

CGRP mAb calcitonin gene-related peptide monoclonal antibody, /QR inter-quartile range, MHD monthly
headache days, SD standard deviation

the Simoa CorPlex cytokine panel was 3.9% for IFNy, 4.3%
for I1-1PB, 7.0% for IL-4, 3.7% for IL-5, 3.6% for IL-6, 9.0%
for IL-8, 4.7% for IL-10, 4.4% for 1L-12p70, 6.1% for IL.-22,
and 4.8% for TNFa.

The primary objective of the study was to determine if
initiation of CGRP mAb was associated with a change in
plasma cytokine profile. Over a 3-month period of follow-
up, administration of CGRP mAb was not associated with
a change in plasma cytokine levels (Wilks’ Lambda 0.528,
p=0.448). On post-hoc analysis, there was a minor but sig-
nificant reduction in IL-5 levels (z=—2.321, p=0.020), with
median IL-5 levels reducing from 0.21 pg/ml to 0.19 pg/ml.
There was no statistically significant change in IFNy, IL-10,
IL-12p70, IL-1p, IL-22, IL-4, IL-6, IL-8, or TNFa levels
(Fig. 1).

The study had the secondary objective of comparing the
cytokine profile of patients with chronic migraine to age and
sex-matched controls. IL-8 levels were lower in the migraine

population compared to healthy controls (z=—2.602,
p=0.009), with a median level of 3.2 pg/ml in cases and
6.1 pg/ml in controls. There was no difference between the
study groups for the remainder of the studied cytokines.
Median cytokine levels are summarized in the supplemen-
tal material, Table 1.

Discussion

Plasma cytokine levels have been studied previously in pri-
mary headache disorders, with higher levels of pro-inflam-
matory cytokines IL-6, IL-8, TNF-a, and IL-1f reported
in migraine compared to healthy controls [8]. Our study is
the first project to evaluate the cytokine profile of patients
following exposure and treatment with CGRP monoclonal
antibodies. There is no alteration of plasma cytokine profile
following administration of CGRP mAb in this unselected
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Fig. 1 Change in cytokine level post CGRP antagonism
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patient cohort. A significant reduction in IL-5 was con-
sidered irrelevant due to the very small actual difference
observed over the treatment course. There was no shift in
Th1 cytokines.

IL-5 is secreted by Th2 cells, mast cells, eosinophils, and
group 2 innate lymphoid cells (ILC2) [9]. IL-5 is a potent
mediator of eosinophil maturation and has a role in the
pathogenesis of asthma [9]. The cause of our observation
of reduced IL-5 levels is not immediately apparent. While a
small reduction in IL-5 was observed with treatment, there
was not a significant variation between cases and healthy
controls at baseline. Pre-clinically, CGRP limits ILC2
response, one of the mediators of IL-5 secretion [10, 11].
There are limited clinical studies evaluating IL-5 in patients
with chronic migraine [8, 12]. In one study in 1998, Munno
and colleagues found increased IL-5 levels in patients with
migraine compared to healthy controls; however, this was
not replicated in other studies [13, 14], including ours.
Further longitudinal study is required to determine if the
small change in plasma IL-5 level correlates with headache
frequency, initiation of CGRP mAb, or whether this result
represents a type I error.

Our second and probably more significant finding was
that the patient cohort had substantially lower IL-8 levels
compared to our healthy controls. While other studies have
also found lower or no change in IL-8 levels in a migraine
cohort [15, 16], these findings are in contrast to a 2023 meta-
analysis of cytokine levels in headache disorders [8]. The
meta-analysis found that IL-8 levels are higher in migraine
than healthy controls, with a standardized mean difference of
1.56-fold (95% CI 0.03-3.09, p=0.04). Given the putative
role of inflammation in migraine chronification, our finding
requires replication.

This study has several limitations that impact on the
generalizability of our findings. Firstly, we did not include
patients with pre-existing inflammatory conditions, and
therefore the impact of CGRP monoclonal antibodies on
patients with a dysregulated immune system cannot be
surmised from this study, nor the impact of CGRP mAbs
that target the receptor such as erenumab given local avail-
ability. Secondly, the size of the study did not allow for
sub-group analysis, and a focus on mean levels might not
reflect cohort heterogeneity. The impact of lifestyle change,
non-pharmacological intervention, or use of non-steroidal
anti-inflammatory as an acute therapy was not controlled
for, which could also impact cytokine expression [17, 18].

Conclusion
We found no evidence that treatment with CGRP monoclo-

nal antibodies is associated with a significant alteration in
plasma cytokine expression or shift to a Thl phenotype in
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a cohort of patients with chronic migraine. Further study is
required to determine the interaction of headache frequency
and CGRP mAD therapy with IL-5 levels and in participants
with pre-existing inflammatory conditions.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-025-13400-w.
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