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Abstract

Background Preclinical evidence supports the immunoregulatory role of calcitonin gene-related peptide (CGRP) in migraine
pathophysiology. The increasing use of anti-CGRP therapies in patients with migraine and other comorbidities raises the
question whether the potential use of anti-CGRP monoclonal antibodies (CGRP-mAbs) therapies in combination with other
immunological therapies is effective and safe.

Methods This multicenter study included patients with migraine receiving CGRP-mAbs combined with immunosuppressive
and immunomodulatory treatments. Clinical and demographic data, treatment history, laboratory markers and treatment-
emergent adverse events (TEAEs) were analyzed. Effectiveness outcomes included the change in monthly migraine days
(MMD) and monthly headache days (MHD) at 3, 6, 9 and 12 months, alongside the > 50% response rate. Moreover, auto-
immune disease progression was also evaluated. We explored differences between patients with and without autoimmune
disease activation.

Results Among 89 patients, there were 80 (90%) females with a mean age of 50 years (SD: 11), who had a high prevalence
of psychiatric comorbidities (anxiety 44%, depression 49%) and medication overuse (68%). Patients receiving immunologi-
cal treatments experienced significant reductions in MMD and MHD, with MMD decreasing from 16 (SD: 7) at baseline to
9 (SD: 8) at 6 months, and MHD dropping from 23 (SD: 8) to 17 (SD: 11). A 50% response in MMD was achieved by 46%
at 6 months. TEAEs were reported in 28%, most commonly constipation (16%) and dizziness (9%).

Conclusions CGRP-mAbs therapies combined with immunological treatments appear effective and safe in patients with
autoimmune diseases. Larger prospective studies are necessary to confirm these findings and optimize management strategies.
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Abbreviations DL Dyslipidemia (DL)
MMD Monthly migraine days DM Diabetes mellitus
MHD Monthly headache days CM Chronic migraine
CGRP Calcitonin gene-related peptide EM Episodic migraine
CGRP-mAbs Anti-CGRP monoclonal antibodies MA Migraine aura
TEAEs Treatment-emergent adverse events CRP C-reactive protein (CRP)
HBP High blood pressure RF Rheumatoid factor (RF)
VSG Erythrocyte sedimentation rates
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Background

Migraine is a highly prevalent and disabling neurological
disorder, affecting millions worldwide and ranking among
the leading causes of years lived with disability [1-4].
Recent research has highlighted an increased prevalence
of migraine in patients with various chronic inflammatory
diseases. For instance, a recent meta-analysis published
in 2023 reported that the prevalence of migraine among
patients with multiple sclerosis (MS) was 24% [5]. Simi-
larly, emerging evidence supports a higher prevalence of
migraine among patients with inflammatory bowel disease
[6, 7]. This growing body of evidence underscores the
need for studies that address relevant aspects for diagnosis
and treatment management in patients with migraine and
chronic inflammatory conditions.

The intricate pathophysiology of migraine, involving
peripheral and central mechanisms, has driven advances in
targeted therapies such as monoclonal antibodies against
calcitonin gene-related peptide or its receptor (CGRP-
mADbs) [8]. It has been speculated that calcitonin gene-
related peptide (CGRP) is involved in intracranial vasodi-
lation and the activation of neuro-inflammatory cascades
through the trigeminovascular system in migraine patho-
physiopathology [9], although the inflammatory mecha-
nism has not been established [10]. CGRP-mAbs have
emerged as a groundbreaking option for migraine preven-
tion, both in patients with chronic and episodic forms of
the disease [11], and also for special populations such as
patients over 65 years old [12].

Autoimmune disorders, generally characterized by
immune dysregulation and chronic inflammation, are fre-
quently accompanied by headache and/or comorbid with
migraine, likely due to shared pathophysiological mecha-
nisms such as neuroinflammation, endothelial dysfunc-
tion, and altered immune responses [6, 7, 13, 14]. These
findings highlight the potential need of using CGRP-
mAbs in concomitance with other immunological treat-
ments. Moreover, a potential role of CGRP as a regulator
of the immune system has been hypothesized based on
case series reporting inflammatory complications in eight
patients treated with CGRP-mAbs [15]. This interplay
underscores the need to evaluate further whether immu-
nomodulatory therapies impact response and tolerability
to CGRP-mADbs in patients with migraine. Understanding
this relationship can provide critical insights into optimiz-
ing therapeutic strategies, minimizing potential drug—drug
interactions, and improving outcomes for a unique subset
of patients with overlapping neurological and autoim-
mune conditions. It is noteworthy that CGRP-mAbAs have
been engineered in the Fc region as immunopharmaco-
therapies, which is likely to influence interactions with not
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immunomodulatory therapies. CGRP-mAbs have under-
gone glycoengineering [16], such as is the case for eptin-
ezumab [17], or had their FC region amino acid sequences
altered, such as with fremanezumab [18]. Furthermore,
these investigations have significant implications for clini-
cal practice. Establishing evidence-based guidelines for
managing migraine in patients receiving immunological
treatments can enhance personalized care and inform mul-
tidisciplinary collaboration between neurologists, rheuma-
tologists, and other specialists. This article seeks to char-
acterize the profiles of migraine patients receiving both
CGRP-mADbs therapies and concomitant immunological
treatments, providing a foundation for clinical recommen-
dations and future research.

Our principal objective is to describe the effectiveness
and tolerability of the use of CGRP-mAbs immunologi-
cal drugs. Secondary objectives include (1) to describe the
percentage and characteristics of patients with autoimmune
disease activation and (2) to explore the potential differences
between patients with and without autoimmune disease acti-
vation during treatment with anti-CGRP-mAbs.

Material and methods
Study design

This is a retrospective multicenter study involving patients
treated with CGRP-mAbs and immunological therapies.
These patients were included in prospective cohorts of
migraine cases attended at Headache Units/Headache Clin-
ics in Spain and the United Kingdom. In accordance with
national clinical guidelines and reimbursement criteria,
patients initiating anti-CGRP monoclonal antibody therapy
had experienced eight or more monthly migraine days and
had previously undergone at least three adequate trials of
preventive treatments over a minimum of 3 months. For
patients with chronic migraine, this included treatment with
onabotulinumtoxinA. At the time of initiating anti-CGRP
therapy, patients were receiving concurrent treatments for
their immunological disorders.

Inclusion criteria were (1) patients over 18 years old; (2)
patients with migraine under CGRP-mAbs treatment; (3)
presence of any of the following autoimmune disorders:
neurological diseases (multiple sclerosis), rheumatological
(arthritis, lupus, vasculitis), gastrointestinal (inflammatory
bowel disease, autoimmune hepatitis), dermatological (pso-
riasis), and autoimmune-linked hypersensitivity syndromes
(asthma, hereditary angioedema, chronic urticaria); (4) con-
comitant immunological treatment. Exclusion criteria were
(1) not willing to participate in the study and (2) contraindi-
cations for the use of CGRP-mAbs.
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Data collection

Data were collected between May and October 2024 from
CGRP-mAbs cohort databases at Headache Units and Clin-
ics, including only patients meeting the inclusion criteria.
The e-diaries included both electronic and paper-based for-
mats, in line with routine clinical practice in each of the
Headache Units. Approval for the study was obtained from
the institutional ethics committee of Hospital Universitario
de la Princesa (Number: 4563).

Variables included in the study

The study included demographic and clinical characteris-
tics such as sex, age, and age at migraine onset; vascular
risk factors, including high blood pressure (HBP), dyslipi-
demia (DL), diabetes mellitus (DM), active smoking, and
alcoholic consumption; psychological comorbidities such
as anxiety, depression, and insomnia were also evaluated;
migraine type, including chronic migraine (CM) and epi-
sodic migraine (EM), as well as migraine aura (MA); clini-
cal characteristics such as time with migraine and time with
CM; medication overuse, the number of prior preventive
treatments and concomitant preventive therapies. We col-
lected concomitant immunological treatments such as amino
salicylates, immunosuppressants such as corticosteroids,
antimetabolites (methotrexate, azathioprine, mercaptopu-
rine, mycophenolate mofetil), calcineurin Inhibitors (tac-
rolimus), JAK Inhibitors (tofacitinib), Anti-CD20 (rituxi-
mab, ocrelizumab, ofatumumab), IFN or immunomodulators
such as IL Inhibitors (IL-5: mepolizumab, reslizumab; IL-6:
tocilizumab; IL-17: ixekizumab, ustekinumab), TNF Inhibi-
tors (adalimumab, etanercept, infliximab, golimumab),
B-cell modulators (belimumab), Anti-Integrin (abatacept),
Anti-IgE (omalizumab), and CD52 modulators (cladrib-
ine) (hydroxychloroquine, montelukast, siponimod, dime-
thyl fumarate, glatiramer acetate, leflunomide). Response
to treatment was documented including the reduction of
number of monthly migraine days (MMD) and/or monthly
headache days (MHD) after 3, 6, 9, 12 and 12 months and
50% response rate. Tolerability and safety, the presence of
emerging adverse events (TEAEs), were noted. Presence and
type of temporarily related autoimmune disease activation
after CGRP-mAbs therapies start was recorded. All data
were managed in a pseudonymized manner.

Statistical analysis

The results obtained were analyzed using descriptive and ana-
lytical statistical techniques. A description of the effectiveness
and safety of CGRP-mAbs drugs was made. Correlating stud-
ies of clinical and demographic variables were also performed.
Measures of central tendency and dispersion were obtained

for quantitative variables, as well as absolute and relative
frequencies for qualitative variables. The type of distribution
of quantitative variables was examined, and their alignment
with a Gaussian distribution was assessed using the Kolmogo-
rov—Smirnov test. For normally distributed data, parametric
methods such as the Student’s #-test were employed to compare
means between groups. For data that did not meet the normal-
ity assumptions, non-parametric methods like the Mann—Whit-
ney U test were used instead. Chi-square or Fisher’s exact tests
were applied for comparing categorical variables. Correlations
between variables were calculated using Pearson’s correlation
coefficient for parametric data or Spearman’s rank correlation
for non-parametric data. Statistical analysis was conducted
using the SPSS (version 16.0 for Windows) and R (version
1.4.1717)). We did not conduct a sample size calculation prior
to the study which was based on available data. Patients with at
least two effectiveness timepoints (baseline and follow-up) for
migraine data and less than 20% missing data were included in
the study. P-values presented are for a two-tailed test, and we
considered P values <0.05 as statistically significant.

Results
Baseline characteristics

89 patients were included in the study, with a mean age of
50 years (SD: 11), ranging from 21 to 79 years. The majority
were women (90%). Vascular risk factors among the patients
included HBP (12%), DL (16%), DM (3%), and active smok-
ing (20%), while no patients reported alcohol consumption.

Comorbidities also included anxiety (44%), depres-
sion (49%) and insomnia (29%); chronic migraine (85%)
and migraine aura (27%). The mean age of migraine onset
was 22 years (SD: 10), and the mean duration of chronic
migraine was 11 months (SD: 9). Medication overuse was
observed in 68% of patients. Patients had a mean of 5 prior
preventive treatments (SD: 3). At the initiation of anti-CGRP
combined with immunomodulatory treatment, 37 patients
(42%) were receiving other preventive migraine therapy. Of
these, 33 patients (37%) were on antiepileptics, 32 (36%)
on antidepressants, 15 (17%) on antihypertensives, and 16
(18%) were receiving onabotulinumtoxinA. In addition, 20%
of patients were under corticosteroid treatment and the mean
duration of CGRP-mAbs and immunological treatment was
17 months (SD: 16). Table 1 summarizes all baseline vari-
ables in the study group.

Laboratory inflammatory markers in patients
under CGRP-mAbs and immunological treatments

At baseline, most patients being treated with CGRP-mAbs

with immunological treatments exhibited normal levels for
several inflammatory and hematological markers such as
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Table 1 Demographic and clinical characteristics of the patients
included in the study

Table 2 Laboratory inflammatory markers in patients under CGRP-
mAbs and immunomodulatory treatments

Variables n=389 Laboratory markers n=064
Age, years (SD), min—max 50 (11),21-79 Baseline C-reactive protein 64/64 (100%)
Sex, female (%) 80 (90%) Normal, n (%) 57 (89%)
Autoimmune disease type, n (%) Elevated, n (%) 7(11%)
Neurological, n (%) 17 Baseline rheumatoid factor 51/64 (80%)
Rheumatological, n (%) 41 Normal, n (%) 40 (78%)
Gastrointestinal, 7 (%) 24 Elevated, n (%) 11 22%)
Dermatological, n (%) 4 Baseline VSG 56/64 (87%)
Autoimmune-linked hypersensitivity syndromes, 4 Normal, n (%) 48 (85%)
n (%) Elevated, n (%) 8 (14%)
Vascular risk factors Baseline lymphopenia 62/64 (97%)
HBP, n (%) 11 (12%) No lymphopenia, 1 (%) 57 (92%)
DL, n (%) 14 (16%) Lymphopenia grade 1, n (%) 4 (6%)
DM, 7 (%) 3 (3%) Lymphopenia grade 2, n (%) 1 (2%)
Active smoking, n (%) 18 (20%)
Alcoholic consumption, n (%) 0 (0%) VSG, erythrocyte sedimentation rate; Lymphopenia grade 1: 800—
Other comorbidities 1,000 cells/puL, lymphopenia grade 2: 500-799 cells/puL
Anxiety, n (%) 39 (44%)
Depression, n (%) 44 (49%) . . .
. Effectiveness in patients under CGRP-mAbs
Insomnia, n (%) 26 (29%) ithi dul
Age of migraine onset, mean (SD) 22 (10) with immunomodu atory treatments
Chronic migraine, n (%) 76 (85%) . . . . .
. In patients with migraine treated with CGRP-mAbs in com-
Migraine aura, n (%) 24 (27%) B o . -
. . . bination with immunological treatments, improvements were
Time with migraine, years (SD) 27 (12) . .
. . Lo observed in MMD and MHD over a 12-month period. At
Time with chronic migraine, months (SD) 11 (9) .
Medication overuse. 7 (%) 59 (68%) baseline, the mean MMD was 16 (SD: 7), and the mean

Number of prior preventive treatments, mean (SD) 5 (3)
Anti-CGRP treatment type

Erenumab, n (%) 17 (19%)

Galcanezumab, n (%) 28 (31%)

Fremanezumab, n (%) 44 (49%)

Other concomitant migraine preventive treatment, 37 (42%)
n (%)

CGRP-mAbDs plus immunomodulatory treatment 17 (16)

duration, months (SD)

HBP, high blood pressure; DL, dyslipidemia; DM, diabetes mellitus;
SD, standard deviation

C-reactive protein (CRP), rheumatoid factor (RF), and eryth-
rocyte sedimentation rates (VSG), and did not show lympho-
penia. Yet, 11% of patients presented elevated CRP levels,
22% elevated RF levels and 14% elevated VSG at baseline.
Regarding lymphopenia, 6% of patients had grade 1, while 2%
experienced grade 2. Laboratory markers values at baseline are
included in Table 2.

@ Springer

MHD was 23 (SD: 8). At 6 months, MMD remained at 9
(SD: 7), and MHD stabilized at 16 (SD: 11), reflecting sus-
tained reductions of 8 (SD: 7) MMD and 8 (SD: 9) MHD.
By 12 months, the mean MMD decreased further to 7 (SD:
7), and the MHD to 13 (SD: 10), representing reductions of
9 (SD: 7) MMD and 11 (SD: 9) MHD, respectively. These
results are included in Table 3 and Table Supplementary 1.

The proportion of patients achieving a 50% reduction in
MMD increased steadily over time, with 43% at 3 months,
49% at 6 months, 55% at 9 months, and 61% at 12 months.
Similarly, the percentage achieving a 50% reduction in
MHD rose from 36% at 3 months to 37% at 6 months, 46%
at 9 months, and 52% at 12 months as shown in Table 3.
Regarding effectiveness between patients receiving corti-
costeroids and patents with other immunomodulatory treat-
ments, both groups showed significant changes in monthly
migraine days (MMD) and monthly headache days (MHD)
at 3, 6,9, and 12 months compared to baseline, and patients
receiving corticosteroids exhibited significantly smaller
mean reductions in MMD and MHD at 3 and 6 months
(Table Supplementary 2) without differences observed
between groups in the proportion of patients achieving
a>50% reduction in MMD or MHD. Moreover, there were
no significant differences in > 50% response rates at 3, 6, 9,
and 12 months, nor in the reduction of monthly migraine
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Table 3 Effectiveness in patients with migraine under CGRP-mAbs
and immunomodulatory treatments

Effectiveness n=389
Reduction in MMD at 3 months, mean (SD) 8 (8)
Reduction in MHD at 3 months, mean (SD) 909)
Reduction in MMD at 6 months, mean (SD) 8(7)
Reduction in MHD at 6 months, mean (SD) 8(9)
Reduction in MMD at 9 months, mean (SD) 9(7)
Reduction in MHD at 9 months, mean (SD) 10 (9)
Reduction in MMD at 12 months, mean (SD) 9(7)
Reduction in MHD at 12 months, mean (SD) 11 (9)
50% response in MMD at 3 months, n (%) 36 (43%)
50% response in MHD at 3 months, n (%) 31 (36%)
50% response in MMD at 6 months, n (%) 33 (49%)
50% response in MHD at 6 months, n (%) 26 (37%)
50% response in MMD at 9 months, n (%) 23 (55%)
50% response in MHD at 9 months, n (%) 21 (46%)
50% response in MMD at 12 months, n (%) 27 (61%)
50% response in MHD at 12 months, n (%) 23 (52%)

MHD, monthly headache days; MMD: monthly migraine days

days (MMD) or monthly headache days (MHD), between
patients with and without other concomitant preventive
treatments combined with immunomodulatory treatment at
the initiation of anti-CGRP treatment.

Safety in patients under CGRP-mAbs therapies
with immunomodulatory treatments

The safety and tolerability profile of CGRP-mAbs with
immunological treatments was assessed in 89 patients,
revealing that 30% (27/89) experienced adverse events. The
most commonly treatment-reported adverse events (TEAEs)
included constipation, occurring in 20% (18/89), and dizzi-
ness, reported by 11% (10/89). Injection site reactions were
observed in 7% (6/89) patients. Less frequently reported
events included fatigue, headache, fever, HBP, and stroke,
each occurring in 1% (1/89) of patients. The patient who
experienced a stroke had ulcerative colitis and was undergo-
ing anti-IL-17 treatment in concomitance with CGRP-mAbs.
TEAE:s are included in Table 4.

Characteristics of patients with autoimmune
disease activation under CGRP-mAbs therapy

Among the nine patients experiencing autoimmune dis-
ease activation while on CGRP-mAbs and immunological
treatment, key demographic and clinical characteristics are
included in Table 5. All nine patients were women, with a
mean age of 44 years (SD 13). Vascular risk factors were
relatively uncommon, with one patient each reporting high

Table 4 Treatment emerging adverse events in patients with anti-
CGRP-mAbs in combination with other immunomodulatory treat-
ments

Treatment emerging adverse events n=389

Adverse events, n (%) 27 (30%)
Constipation, n (%) 18 (20%)
Dizziness, n (%) 10 (11%)
Injection site reaction, n (%) 6 (7%)
Fatigue, n (%) 1(1%)
Headache, n (%) 1(1%)
Fever, n (%) 1(1%)
High blood pressure, n (%) 1(1%)
Stroke, n (%) 1(1%)

blood pressure, dyslipidemia, and active smoking (11%),
while none reported diabetes or alcohol consumption.
Comorbid psychiatric conditions were notably prevalent,
with anxiety and depression affecting 78% of the cohort,
and insomnia present in 22%.

Migraine onset occurred at a mean age of 23 years (SD
11), and most patients (78%) suffered from CM, with 56%
also experiencing MA and medication overuse. Patients
had tried a median of five prior preventive treatments (IQR
4), and the combination of CGRP-mAbs with immuno-
logical treatments had been administered for an average of
12 months (IQR 18).

Autoimmune disease activation was primarily clinical.
Rheumatological conditions were the most common type
of autoimmune disease (56%), followed by neurological,
gastrointestinal, dermatological, and allergic conditions.
Immunological therapies were used by five patients. Base-
line inflammatory markers, including CRP, RF, and VSG,
were elevated in 40% of patients, while 40% also had grade
1 lymphopenia at baseline.

Despite these complexities, CGRP-mAbs demonstrated
notable effectiveness, with reductions in MMD and MHD
at 3, 6,9, and 12 months. By 12 months, a 50% response
rate was observed in 67% of patients for MMD and 44% for
MHD. However, TEAEs were reported in 56% of the cohort,
including dizziness (33%) and constipation (56%).

Exploratory differences between patients
with and without autoimmune disease activation

Anxiety [31 (39%) vs 7 (78%); P =0.036] and migraine aura
[18 (23%) vs 5 (56%; P=0.049] were more prevalent among
patients with immunological treatment that experienced a
activation in their autoimmune disorder. Conversely, some
vascular risk factors, including high blood pressure and
dyslipidemia did not show differences between the groups
(Table Supplementary 3).
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Table 5 Description of the patients under CGRP-mAbs with autoim-

mune disease activation

Variables n=9
Age, years (SD) 44 (13)
Sex, female (%) 9 (100%)
Vascular risk factors

High blood pressure, n (%) 1(11%)

Dyslipidemia, n (%) 1(11%)

Diabetes mellitus, 7 (%) 0 (0%)

Active smoking, n (%) 1(11%)

Alcoholic consumption, n (%) 0 (0%)
Other comorbidities

Anxiety, n (%) 7 (78%)

Depression, n (%) 7 (78%)

Insomnia, n (%) 2 (22%)
Age of migraine onset, mean (SD) 23 (11)
Chronic migraine, n (%) 7 (78%)
Migraine aura, n (%) 5(56%)
Time with migraine, years (SD) 21 (16)
Time with chronic migraine, months (SD) 9 (6)
Medication overuse, n (%) 5(56%)
Number of prior preventive treatments, median (IQR) 54)
CGRP-mADbs plus immunomodulatory treatment duration, 12 (18)

mean in months (IQR)
Autoimmune disease (AD) activation, n (%)

Clinical, n (%) 8 (89%)

Radiological, n (%) 1(11%)

Laboratory, n (%) 0 (0%)
Autoimmune disease type

Neurological, n (%) 1

Rheumatological, n (%) 5

Gastrointestinal, 7 (%) 1

Dermatological, n (%) 1

Asthma and other allergies, n (%) 1
Immunosuppressants, n (%) 8 (89%)
Immunomodulatory therapies, n (%) 5 (55%)
Both, n (%) 4 (44%)
Baseline C-reactive protein

Normal, n (%) 3 (60%)

Elevated, n (%) 2 (40%)
Baseline rheumatoid factor

Normal, n (%) 2 (40%)

Elevated, n (%) 3 (60%)
Baseline VSG

Normal, n (%) 3 (60%)

Elevated, n (%) 2 (40%)
Baseline lymphopenia

No lymphopenia, n (%) 3 (60%)

Lymphopenia grade 1, n (%) 2 (40%)

Lymphopenia grade 2, n (%) 0 (0%)
Effectiveness of anti-CGRP therapies

Reduction in MHD at 3 months, mean (SD) 11 (9)

@ Springer

Table 5 (continued)

Variables n=9
Reduction in MMD at 3 months, mean (SD) 9(8)
Reduction in MHD at 6 months, mean (SD) 14 (8)
Reduction in MMD at 6 months, mean (SD) 9 (6)
Reduction in MHD at 9 months, mean (SD) 14 (8)
Reduction in MMD at 9 months, mean (SD) 9(5)
50% response rate in MMD at 3 months, n (%) 5(56%)
50% response rate in MHD at 3 months, n (%) 4 (44%)
50% response rate in MMD at 6 months, n (%) 5(56%)
50% response rate in MHD at 6 months, n (%) 5(56%)
50% response rate in MMD at 9 months, n (%) 3(33%)
50% response rate in MHD at 9 months, n (%) 3(33%)

TEAEs, n (%) 5 (56%)
Dizziness, n (%) 3(33%)
Constipation, n (%) 5(56%)

SD, standard deviation; TEAEs, treatment emerging adverse events;
IQR, interquartile range; MHD, monthly headache days; MMD,
monthly migraine days

Among the analyzed laboratory markers available at
baseline and after CGRP-mAbs therapy start, baseline lym-
phopenia demonstrated a statistically significant difference
between patients receiving CGRP-mAbs with immunomodu-
latory treatment (P =0.049), with higher percentage of Lym-
phopenia grade 1 among patients with autoimmune diseases,
while no statistically significant differences were observed
for baseline VSG (P =0.149), baseline CRP (P=0.091) and
baseline RF was no difference in those with autoimmune
disease activation (Table Supplementary 4).

Regarding effectiveness in patients receiving CGRP-
mAbs therapies with autoimmune disorders (Fig. 1), patients
with autoimmune disease under immunological treatment
that experienced autoimmune disease activation significantly
showed fewer MHD at 6 months compared to those without
it (mean 8.75 vs. 16.6; P=0.015) with a similar outcome in
both MHD and MMD in other time points nor reduction or
response rate as included in Table Supplementary 5 and 6.

Regarding the presence of TEAEs, the overall presence
of adverse events was similar between the two groups. When
evaluating the different TEAEs separately, injection site
reactions were more prevalent among patients with auto-
immune disease activation (Table supplementary 7 and 8).

Discussion

This study examines the clinical and demographic character-
istics, as well as the effectiveness and safety of CGRP-mAbs
therapies when combined with immunological treatments
in patients with migraine and concomitant autoimmune
diseases. The findings highlight particularly the favorable
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Fig. 1 Effectiveness of anti- A)
CGRP therapies in concomi-
tance with immunological

Effectiveness

R . 25 =
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migraine. A Monthly headache ~*- MHD
days (MHD) and monthly 20 - MMD
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a>50% response rate in MHD 10—
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monthly migraine days; *:
p<0.05; ¥*: p<0.001
0 T T T T
Baseline 3 months 6 months 9 months 12 months
B) 50% response
40-
B VHD
X 20—
10-
0=
3months 6 months 9 months 12 months

safety profile of monoclonal antibody therapies concomitant
to mAbs therapies and the effectiveness of the concomitant
treatment in patients with migraine and autoimmune disor-
ders. Moreover, this study highlights differences between
patients receiving CGRP-mAbs therapies with and without
autoimmune diseases activation further adding to the scarce
literature on this topic.

Demographic and clinical characteristics

The demographic and clinical characteristics of the study
cohort closely resemble those typically observed in the
migraine population, characterized by a higher proportion
of women; moreover, we found predominantly patients
with chronic migraine—the primary population in which
receiving CGRP-mAbs therapies have been introduced [19].
The mean age of the cohort, 44 years (SD 13), is consistent
with established epidemiological patterns of migraine, with
onset often occurring in early adulthood [4]. Furthermore,
the cohort’s mean age of migraine onset, 23 years (SD 11),

corresponds with the early onset trends reported in migraine
epidemiology [4, 20].

While vascular risk factors were relatively uncommon—
only one patient each reported HBP, DL, or active smoking
(11%), and none reported DM or alcohol consumption—
this aligns with findings that vascular comorbidities are not
dominant contributors to migraine in younger and middle-
aged populations [21, 22]. However, the notable prevalence
of mood disorder comorbidities, particularly anxiety and
depression (78%), is strikingly consistent with the litera-
ture on migraine, reflecting the well-documented associa-
tion between migraine and psychiatric comorbidities [23,
24]. Insomnia, which affects 22% of this cohort, further
emphasizes the multidimensional burden of the disease
[25]. Moreover, a particularly notable finding was the high
prevalence of medication overuse, affecting 56% of patients,
a common complicating factor in CM, particularly among
individuals seeking care at specialized headache centers
[26, 27]. Furthermore, the cohort had tried a median of five
prior preventive treatments, suggesting substantial therapeu-
tic resistance, a hallmark of resistant CM populations [28].
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These findings underscore the complexity of treating this
subgroup of patients, particularly in the context of autoim-
mune comorbidities.

The therapeutic strategy combining CGRP-mAbs with
immunosuppressants or immunomodulatory treatments for
an average duration of 12 months gives valuable information
of the treatment combination in our cohort.

Laboratory markers

The baseline findings in patients undergoing CGRP-mAbs
therapies alongside immunological treatments revealed
predominantly normal inflammatory and hematological
markers, such as CRP, RF, and VSG and a notable subset
exhibiting elevated inflammatory marker levels. In addition,
lymphopenia was observed in 8% of the patients, a recog-
nized side effect, particularly with certain chemotherapies
and immunotherapies [29]. Although CGRP-mAbs therapies
are generally associated with a favorable safety profile in
the existing literature [13], rare inflammatory complications
have been reported in isolated case studies, suggesting the
need for further investigation into potential pro-inflamma-
tory responses in select individuals [15]. However, these
findings should be interpreted with caution given the limited
number of cases and the overall high tolerability observed
in broader populations.

In our cohort, while most patients did not exhibit signifi-
cant baseline abnormalities, the presence of elevated inflam-
matory markers and lymphopenia at baseline in a subset
underscores the importance of individualized patient moni-
toring. These deviations may reflect underlying subclinical
processes or predispositions that could influence therapeutic
response or long-term prognosis. Further research is war-
ranted to elucidate the clinical significance of these findings
and to optimize management strategies for patients receiving
CGRP-mAbs therapies in conjunction with other immuno-
suppressant and immunomodulatory treatments.

Autoimmune disease activation in patients
under CGRP-mAbs

Regarding potential clinical differences between patients
with autoimmune diseases undergoing CGRP-mAbs thera-
pies who experienced autoimmune disease activation versus
those who did not, we observed a higher prevalence of anxi-
ety among patients whose autoimmune disease worsened.
This finding aligns with existing literature suggesting that
inflammatory processes and the burden of chronic illness are
closely linked. It is possible that elevated inflammatory lev-
els in patients with more pronounced mood disorders could
contribute to this relationship [30].

In addition, a higher percentage of patients with MA
were observed among those who experienced autoimmune
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disease activation. This finding suggests a potential interac-
tion between an inflammatory environment in patients with
MA and autoimmune disorders, wherein CGRP levels might
play a pivotal role. While rare cases have raised concerns
about potential interactions between CGRP-mAbs therapies
and autoimmune disease activity, particularly in patients
with coexisting migraine with aura (MA), current evidence
is limited and largely based on small observational samples
[31, 32]. Further research is needed to clarify any potential
impact on autoimmune disease progression.

Patients receiving concomitant immunomodulatory treat-
ments demonstrated improvements in monthly migraine
days (MMD) and monthly headache days (MHD) over time
compared to baseline. Similar findings have been previ-
ously reported in patients with migraine receiving other
concomitant monoclonal antibodies, as well as in those with
multiple sclerosis [33, 34]. In addition, patients receiving
corticosteroids showed a trend toward fewer monthly head-
ache days (MHD) and monthly migraine days (MMD), with
a statistically significant reduction observed at 6 months.
Although corticosteroids are not established as preventive
treatments for migraine, their chronic use—typically in the
context of severe or active autoimmune disorders—may
exert analgesic effects that could partially contribute to
the observed response to anti-CGRP therapies [35]. How-
ever, our findings suggest that any potential benefit may be
offset by the underlying autoimmune disease activity and/
or systemic inflammation, which may explain the slightly
attenuated treatment response observed in this subgroup.
This potential confounding effect and its implications war-
rant further investigation. Overall, the use of anti-CGRP
therapies in combination with other immunosuppressants
appears to be effective in patients requiring these medica-
tions for the management of their autoimmune disorders.
Although all patients were receiving immunomodulatory
treatments, those who experienced autoimmune disease
activation showed a trend toward a more pronounced reduc-
tion. These findings may be influenced by the intensification
of immunosuppressive therapy and highlight the interplay
between inflammation, autoimmune activity, and migraine
management, calling for integrated approaches combining
immunomodulatory and migraine-specific therapies. This
reinforces the potential utility of combining immunomodu-
latory therapies with CGRP-mAbs treatments to optimize
outcomes in autoimmune populations.

Moreover, the combination of CGRP-mAbs therapies
with other immunological treatments (Table Sup 7) is
overall safe with a similar percentage of TEAEs. Patients
with autoimmune disease activation showed a higher use of
immunosuppressants and a tendency towards higher use of
corticosteroids indicating a possible uncontrolled disease or
severe or resistant cases. This trend warrants further explo-
ration, as long-term treatment might lead to adverse effects
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and may not effectively modify disease progression in some
cases. In contrast, monoclonal antibody therapies were used
similarly in both groups suggesting they are relatively safe
and not strongly associated with autoimmune disease activa-
tion. These targeted therapies, including anti-TNF, anti-IL-6,
and anti-CD20 agents, are essential in autoimmune disease
management and may provide disease stabilization without
significant risk of autoimmune disease activation.

The connection between inflammatory, immunological,
and vascular processes shared by migraine and autoimmune
diseases has become increasingly evident [36]. Similarly,
laboratory markers such as CGRP elevation have been linked
not only to migraine but also to hyperinflammation in condi-
tions like COVID-19 [37]. In addition, a study published in
2023 study suggested that immuno-rheumatological comor-
bidities might negatively affect the response to CGRP-mAbs
treatments [38]. However, previous findings by Gonzélez-
Martinez et al. (2022) in a cohort of patients with MS treated
with disease-modifying therapies (DMT) showed that
CGRP-mAbs in combination with multiple sclerosis DMT
are effective and did not increase outbreaks or infections
after 18 months, aligning with our study’s lower rates of
autoimmune disease activation and TEAEs. Although con-
stipation was the most common adverse event, only 5% of
patients discontinued treatment due to side effects, suggest-
ing good overall tolerance. Moreover, injection site reactions
were more frequently observed in patients on concomitant
immunomodulatory therapies—common in neuroimmuno-
logical conditions such as multiple sclerosis—likely due to
localized immune priming. The administration of multiple
subcutaneous treatments, particularly when cumulative
injection volumes exceed 1.5 mL, may lead to increased
tissue distension, delayed absorption, and amplified local
inflammatory responses, contributing to higher injection site
reaction rates in this population [39, 40].

Limitations and strengths

The study’s limitations include a small sample size, particu-
larly in the autoimmune disease activation group, reducing
statistical power and generalizability of the exploratory com-
parison. Short follow-up periods may underestimate long-
term safety and efficacy, highlighting the need for extended
longitudinal studies. Since 90% of the cohort were women,
the results may not be fully generalizable to male patients
with similar conditions. However, this study provides valu-
able insights into the use of CGRP-mAbs combined with
immunosuppressants or immunomodulatory treatments in
patients with migraine and autoimmune diseases, a popula-
tion that is underrepresented in existing research. The focus
on real-world outcomes, including treatment safety, effec-
tiveness, and disease activation, adds clinical relevance for
clinical practice.

Conclusions

This study provides one of the first systematic evaluations of
the concurrent use of CGRP-mAbs and immunological treat-
ments, offering a foundation for future clinical guidelines in
patients with neurological and autoimmune conditions. The
results show that the combination of CGRP-mAbs therapies
with immunological treatments appears effective and safe,
offering a promising option for patients with resistant and
refractory CM and autoimmune comorbidities. However,
the observed trend toward corticosteroid use in active cases
calls for cautious, individualized approaches to minimize
potential long-term risks. Monoclonal antibody therapies
remain a cornerstone of treatment, providing disease stabi-
lization without a significant increase in adverse outcomes.
This study also underscores the importance of individualized
approaches in managing migraine patients with autoimmune
diseases. The overall safety and efficacy of CGRP-mAbs
therapies support their continued use in these populations.
Future research should focus on identifying biomarkers of
response to CGRP-mAbs therapies in autoimmune popula-
tions and exploring the mechanisms underlying the inter-
action between CGRP inhibition and immunomodulatory
treatments. Larger cohorts and longer follow-ups are needed
to confirm these findings and refine treatment strategies for
this complex patient population.

Bullet points

e CGRP-mAbs therapies combined with immunological
treatments show favorable effectiveness and safety in
autoimmune disease patients.

e Patients with chronic migraine and autoimmune disorders
under CGRP-mAbs and immunomodulatory treatment
exhibited high comorbid anxiety (78%) and medication
overuse (56%).

e Elevated inflammatory markers and lymphopenia in a
subset of patients underscore the need for individualized
monitoring.

e Autoimmune disease activation linked to anxiety and
migraine aura in patients with migraine receiving CGRP-
mAbs and immunological treatments needs further atten-
tion.

e These findings support integrated migraine and autoim-
mune treatment management to improve disease control.
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