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Methods: Patients included in the Italian Headache Registry and treated concomitantly
with an anti-CGRP mAb and another mAb were included. Effectiveness outcomes for
migraine included reduction from baseline of monthly headache days (MHDs), Migraine
Disability Assessment (MIDAS) score, Headache Impact Test-6 (HIT-6) scores, and
Patients' Global Impression of Change (PGIC) scale. Adverse events (AEs) were recorded.
Results: Thirty-eight patients were included. In 27 patients (71.1%), the anti-CGRP mAb
was added to a previously ongoing mAb. Nine patients (23.7%) discontinued one of the
two mAbs before the end of treatment (seven discontinued the anti-CGRP mAb and two
the other mAb). One patient discontinued for AEs. Anti-CGRP mAbs were discontinued
due to ineffectiveness (n=5, 55.5%) and one each (11.1%) for clinical remission and lost
to follow-up. MHDs significantly decreased from baseline to 3 months (p <0.0001) and
6 months (p <0.001), as did the MIDAS and the HIT-6 scores at 3 and 6 months (p <0.001).
For anti-CGRP mAbs, 27.4% of patients reported PGIC 25 at 3months and 48.3% at
6 months. Mild AEs associated with introduction of a second mAb were detected in six
patients (15.8%).

Conclusions: In this real-world study, anti-CGRP mAbs showed safety and effectiveness

when administered concomitantly with other mAbs.

KEYWORDS

INTRODUCTION

Monoclonal antibodies acting on the calcitonin gene-related pep-
tide (CGRP) pathway (anti-CGRP mAbs) represent the first agents
specifically designed for migraine prevention [1]. They are safe and
effective therapies for patients who have failed several previous
preventive strategies [2, 3]. Patients with migraine often have mul-
tiple comorbidities that require specific treatment [4]. Although
there is strong evidence regarding the safety of CGRP mAbs in
combination with “small molecule” drugs (e.g., antihypertensives,
statins, antidiabetic agents, and antiseizure medications), no data
are available about the safety of the combination of CGRP mAbs
with other mAbs for comorbid diseases, such as psoriasis, multiple
sclerosis, and autoimmune and neoplastic diseases. The combina-
tion of mAbs is recognized as a safe and successful treatment in
clinical oncology, where specific combinations aim to target differ-
ent pathways simultaneously, resulting in additive or synergistic
effects [5].

In principle, monoclonal antibodies are suitable for use in com-
bination due to their limited overlapping toxicity and lack of phar-
macokinetic interactions [6]. However, the final direct or indirect
effects of combining mAbs depend on the specific antibodies, the
clinical indication, and the target population. To date, no prospective
data involving patients with migraine treated with anti-CGRP mAbs
and other mAbs for comorbid diseases are available, except for a
small case series of patients with multiple sclerosis (MS) treated with
mAbs [7]. Only two retrospective studies, one including 27 patients
with MS [8] and the other 23 patients with other neurologic, onco-
logic, or autoimmune conditions [9], are available.

CGRP, migraine, monoclonal antibodies, pharmacokinetic, pharmacological interactions

Herein, in a multicentric, prospective observational
study, we evaluated the long-term effectiveness and
tolerability of CGRP mAbs combined with other mAbs
(not anti-CGRP mAbs).

METHODS
Study design and ethics

In 2019, the Italian Headache Registry (Registro Italiano per le
Cefalee [RICe]) was established to evaluate primary headache dis-
orders in Italy. The study received approval in March 2019 with
subsequent amendments. Currently, the RICe involves 60 Italian
headache centers at all levels of care, and all patients attending
these centers are invited to enroll. Consenting patients included
in the study are followed up at each visit according to clinical
practice.

We conducted an investigator-initiated, prospective, multi-
center cohort study involving patients treated with two different
mAbs (an anti-CGRP mAb and another mAb that is not an anti-
CGRP mAb) at 15 Italian headache centers. All consecutive out-
patients who received at least one coadministration of both mAbs
between July 2020 and June 2023 were enrolled and provided
informed consent to participate in the RICe study. The study con-
sisted of a 6-month potential cotreatment period, starting with
a 1-month baseline (run-in) period (for anti-CGRP mAbs) prede-
termined in the study protocol but according to clinical practice.
If the patient first started a non-anti-CGRP mAb, the baseline of
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the anti-CGRP was overlapping. Patients were then assessed for
effectiveness and safety based on a follow-up of 3 or 6 months.
If a patient discontinued one of the coadministered mAbs before
the 6-month follow-up, the cause of discontinuation and adverse
events (AEs; if applicable) were reported.

The study was reported according to the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology) guidelines
and is a part of the RICe study, approved by the local ethics commit-
tee of Careggi University Hospital (CEAVC Studio RICe, 14591 _oss
and subsequent amendments 2022-609).

Patient features and variables collected

The study recruited adult patients diagnosed with high-frequency
episodic migraine (8-14 migraine headache days/month) or chronic
migraine (CM) according to the International Classification of
Headache Disorders 3rd Edition criteria [10], with or without medi-
cation overuse (MO), who initiated an anti-CGRP mAb and an mAb
for another disease (other mAb). For patients with MO, prior detoxi-
fication strategies were not mandatory. To access anti-CGRP mAbs,
in accordance with Italian regulations, patients were required to
have reported previous failures with at least three preventive treat-
ments, which could include tricyclic antidepressants, beta-blockers,
antiseizure medications, and onabotulinumtoxinA (only for CM), due
to lack of either efficacy or tolerability, together with 28 monthly
days of debilitating headache and a Migraine Disability Assessment
(MIDAS) score of 211.

Throughout the cotreatment phase and during baseline (for anti-
CGRP mAbs), patients maintained a headache diary, recording their
monthly headache days (MHDs) and acute medication use, including
both the absolute number of analgesics (AMNSs) and the number of
days with at least one analgesic used (AMDs) per month. A headache
day was defined as any day a patient experienced any type of head-
ache. Response rates were evaluated based on reductions in MHDs
of 30%, 50%, 75%, or 100%. In this study, a month was defined as
30days.

Additionally, patients completed the Headache Impact Test-6
(HIT-6) questionnaire monthly and the MIDAS questionnaire quar-
terly. Both questionnaires are widely used and validated in migraine
research [11, 12]. The Patients' Global Impression of Change (PGIC)
scale (from O [no change or worsening] to 10 [a great and decisive
improvement]) was employed to assess patients' impressions of
the effectiveness of both treatments (anti-CGRP and other mAbs)
[13]. Any AEs experienced during the treatment were reported.
Demographic information, migraine characteristics (including the
presence of aura, disease duration, and onset of migraine), prior
treatment failures with various drug classes (such as beta-blockers,
tricyclic antidepressants, antiseizure medications, and onabotuli-
numtoxinA), and current preventive and acute symptomatic treat-
ments were collected. Patients were allowed to use other preventive
medications as per clinical practice if stable for at least 3months be-
fore anti-CGRP mAbs baseline.

Outcomes and analysis

The primary outcomes included the percentage of patients who
discontinued one or both of the mAbs due to AEs, with particular
consideration of AEs different from those usually reported in mono-
therapy. A board of three clinicians (L.F.l., F.P., Gennaro Saporito)
was established to assess the reported AEs and the reason for treat-
ment discontinuation and to discuss their causal relationship with
one of the target treatments.

The secondary effectiveness outcomes included the absolute
change from baseline in MHDs, response rates (230%, 250% 275%,
and 100% reductionin MHDs), the persistence in MO at months 3 and
6 compared to baseline, and the description of PGIC scores for both
mAbs (as ordinal variable [0-10] or categorized 25). Furthermore,
the absolute changes from baseline in the AMDs and AMNs, as well
as scores on the MIDAS and HIT-6 questionnaires, were evaluated at
the same follow-ups. All patients with at least 6 months of follow-up
were included in the study, regardless of treatment discontinuation
due to AEs, ineffectiveness, or loss to follow-up. All outcome time
frames refer to the indicated month. All analyses were conducted on

the overall population.

Statistical analysis and missing data

Continuous variables are reported as mean + SD or median (inter-
quartile range) and categorical data as number (percentage). The
normality assumption was assessed using the Shapiro-Wilk test,
and because the data were not normally distributed, a Wilcoxon
signed-rank test was performed to evaluate pre-post changes in
quantitative variables and an exact McNemar test for categorical
dependent variables. The study's sample size was not determined
based on statistical considerations; all consecutive outpatients
were included. Because few patients had missing data for the
variables, no imputation was performed for missing data, and the
number of patients analyzed is reported in figures and table leg-
ends, as appropriate.

For all variables, a significance level of two-tailed p<0.05 was
considered statistically significant, and the Bonferroni correction
was used for multiple comparisons. SPSS software version 26.0
(IBM, Armonk, NY, USA) was used for all data analyses, and Prism
version 9.00 (GraphPad, La Jolla, CA, USA) was used to create the
graphs.

RESULTS

Baseline characteristics
Thirty-eightpatients(32women[84.2%],meanage + SD=50.7 + 10.0)
were included. Table 1 and Table S1 provide further details on the

demographic and clinical features. In most cases, (n=27/38, 71.1%),
anti-CGRP mAb (erenumab [23.7%], galcanezumab [39.5%], or
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TABLE 1 Patient demographic and clinical features at baseline.

TABLE 2 Monoclonal antibodies coadministered.

Feature Value n (% of overall population)
Overall population, N 38 Patients 38 (100)
Demographics Anti-CGRP mAbs
Age, years, mean+SD 50.7+10.0 Erenumab 12 (31.6)
Sex female, n (%) 32(84.2) Galcanezumab 18 (47.4)
Migraine features Fremanezumab 8(21.1)
Chronic migraine, n (%) 30(78.9) Other mAbs in combination
Medication overuse, n (%) 26 (68.4) TNF-alpha inhibitors
Prior preventive ineffective drugs, mean +SD 3.7+1.2 Adalimumab 9(23.7)
Monthly headache days, mean+SD 20.6+7.1 Certolizumab 3(7.9)
Days with at least one analgesic use, 18.2+7.7 Etanercept 2(5.3)
mean 5D Golimumab 1(2.6)
Absolute number of analgesics, mean (95% Cl) 23.7 (18.1-29.4) B-cell depletion
MIDAS score, mean+SD 79.7+55.2 Ocrelizumab 2(5.3)
HIT-6 score, mean+SD 66.6+9.5 Belimumab 1(2.6)
Note: Percentages are of total patients. Others
Abbreviations: Cl, confidence interval; HIT-6, Headache Impact Test-6; Omalizumab 2(5.3)
MIDAS, Migraine Disability Assessment; SD, standard deviation.
Natalizumab 2(5.3)
fremanezumab [7.9%]) was added to a previously ongoing treatment Ustekinumab 1(28)
with another mAb (namely adalimumab, alirocumab, belimumab, Risankizumab 1(2.6)
benralizumab, certolizumab, denosumab, dupilumab, etanercept, Tocilizumab 2(54)
golimumab, ocrelizumab, omalizumab, natalizumab, ocrelizumab, Denosumab 9(23.7)
omalizumab, risankizumab, tocilizumab, or ustekinumab; Table 2 Alirocumab 1(2.6)
and Table S2). The most common diseases associated with migraine Benralizumab 1(2.6)
were osteoporosis (n=9, 23.7%), psoriatic arthritis (n=6, 15.8%), Dupilumab 1(2.6)

and rheumatoid arthritis (n=6, 15.8%), followed by ankylosing spon-
dylitis (n=4, 10.5%) and MS (n=4, 10.5%). Other diseases included
asthma (n=2, 5.3%), ulcerative colitis, Crohn disease, vasculitis,
Behcet disease, systemic lupus erythematosus, and dyslipidemia and

chronic rhinosinusitis with one case each (h=1, 2.6%).

mAb discontinuation

Nine patients (23.6%) discontinued one of the two mAbs before the
end of treatment (seven patients discontinued the anti-CGRP mAb
and two patients the other mAb). Anti-CGRP mAbs were discontin-
ued mainly due to ineffectiveness (n=5/9, 55.5%), one for clinical re-
mission (i.e., anti-CGRP mAb no longer needed; n=1/9, 11.1%), and
one for lost to follow-up (n=1/9, 11.1%). All reasons for discontinu-
ation are reported in Table S3. A flowchart of patients is presented

in Figure 1.

Safety and tolerability

Mild AEs associated with the starting of the second mAb were de-
tected in six patients (15.8%), with three cases of constipation (7.9%),
one case of alopecia, and one case of combined gastrointestinal symp-
toms (i.e., nausea, vomiting, diarrhea, and abdominal pain; 2.6% each).

Note: Percentages are of total patients.

Abbreviations: CGRP, calcitonin gene-related peptide; mAb, monoclonal
antibody; TNF, tumor necrosis factor.

In only the latter case, AEs led to the discontinuation of treatment
with the second mAb (alirocumab) in combination with erenumab.

In the three cases of constipation, the onset was temporally as-
sociated with the introduction of a CGRP mAbs (erenumab, n=1 or
galcanezumab, n=2) to a pre-existing mAbs therapy (denosumab,
ocrelizumab, natalizumab), and in one case with the addition of adali-
mumab to fremanezumab. These AEs are not related to direct or in-

direct pharmacokinetics interactions.

Anti-CGRP effectiveness analysis

All patients treated with anti-CGRP mAbs completed 3months of
treatment, and 31 (81.6%) completed 6 months of treatment, re-
gardless of the other mAb. Considering only the coadministration
effectiveness, all patients completed 3months of coadministration
(n=38), with 29 patients (76.3%) completing 6 months of cotreat-
ment (Figure 1).

MHDs significantly decreased from baseline to 3 months (z=-4.7,
p<0.001) and 6 months (z=-4.1, p<0.001), as did the MIDAS score
(z=-4.8 at 3months and z=-4.1 at 6months, p<0.001) and the
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Patients co-treated with anti-
CGRP mAb and another mAb
Potential (n=38)
six months [ No discontinuation
follow-up | .
Completed 3 months follow-up Anti-CGRP discontinued
(n=38)" for:
Ineffectiveness, n=5
Lost to follow up, n=1
Discontinued one mAb® Not more needed, n=1
e Anti-CGRP mAb, n=7 J
l e Other mAb, n=2 r \
Six months Other mAb discontinued
- for:
follow-up Completed 6 ngtrs follow-up Tolerability n=1
(n' ) Unknown, n=1

FIGURE 1 Flowchart of patients. All values in the flowchart represent the number of patients if not otherwise specified. ?Patients with
coadministration. ®One patient discontinued both monoclonal antibodies (mAbs). CGRP, calcitonin gene-related peptide.
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FIGURE 2 Number of monthly headache days and days with analgesics use per month at baseline, 3months, and 6 months of treatment

with calcitonin gene-related peptide monoclonal antibodies in combination with another monoclonal antibody. Error bars represent 95%
confidence interval.

HIT-6 score (z=-4.0 at 3months and z=-3.7 at 6months, p<0.001; p<0.001) and AMNs (z=-4.8 at 3months and z=-3.8 at 6 months,
Figure 2 and Table 2). Regarding symptomatic drug use, there was a p<0.001). No significant differences were found between month 3
decrease in both AMDs (z=-4.5 at 3months and z=-3.7 at 6months, and month 6 in MHDs, MIDAS, and symptomatic drug use (AMNs
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Baseline,n=38 3months,n=38

TABLE 3 Changes in migraine-related

6months, n=29 variables during cotreatment with anti-

Monthly headache days 21.0(12.0) -8.0(12.5)
Days with at least one analgesic, n 18.0 (14.0) -8.0(10.0)
Absolute number of analgesics 20.0 (19.0) -9.0(16.0)
MIDAS score 61.5(71.0) -37.5(63.7)
HIT-6 score 69.0 (11.0) -7.0(14.5)

-9.0(16.0) calcitonin gene-related peptide mAb and
-8.5(13.2) another mAb.

-10.0 (19.5)

-52.5(67.5)

-15.5(14.5)

Note: Values are reported as median (IQR).

Abbreviations: HIT-6, Headache Impact Test-6; mAb, monoclonal antibody; MIDAS, Migraine

Disability Assessment.

1001
90-_
80-_
70-_
60-_
50-_
40-_
30-_
20-_
10+

0-

Patients (%)

3 months
38

No. Patients

mm <30% =Emm >30% B >50% B=HEE 275%

and AMDs), whereas HIT-6 had a significant decrease (z=-2.0,
p=0.03). Data are summarized in Table 3, Figure 2, and Figure S1.

At month 3 (n=38), 24 (63.2%) patients achieved a 230%, 21
(55.3%) a 250%, and six (15.8%) a >75% cumulative response rate.
One patient achieved a 100% reduction in MHDs. At month 6 of
follow-up (n=29), 18 (62.0%) achieved a 230% reduction in MHDs,
17 (58.6%) a 250% reduction, and seven (24.1%) a 275% cumulative
response rate. Two patients (6.9%) achieved a 100% reduction in
MHDs (Figure 3 and Table S4).

The overall clinical benefit expressed with the PGIC score for
anti-CGRP mAbs was 4.7+2.8 and 5.2+3.0 at 3 and 6 months, re-
spectively. Categorizing PGIC scores (using the cutoff of 25), 27.4%
of patients (18/38) reported a PGIC 25 at 3months and 48.3%
(14/29) at 6 months. For the other mAb, the PGIC score was 4.6 +2.9
and 4.6+3.1 at 3 and 6 months, respectively. Categorizing PGIC
scores, 47.4% of patients (18/38) reported a PGIC 25 at3 months
and 41.4% (12/29) at 6months.

DISCUSSION

Over the past decades, mAb therapies have revolutionized the
management of several disorders, including cancer and rheuma-

tologic and immune-related disorders, as well as MS and migraine.

FIGURE 3 Response rates in the
population with coadministration of
monoclonal antibodies. Percentages are
calculated of the total number of patients
per follow-up as reported in Table S3.

6 months
29

= 100%

Recently, they are emerging as a major class of therapeutics for
infectious diseases. The number of approved and marketed mAbs
reached 162 in June 2022, but the number of authorized therapies
is continuously evolving, with new treatments constantly being
developed and approved [14]. Therefore, with the increasing use
of anti-CGRP mAbs for migraine and the increasing number of
mAbs marketed, it is likely that a patient starting a CGRP mAb is
already receiving or will receive another mAb for a different con-
comitant disease.

To date, scarce data about the safety of the combination of
CGRP mAbs with other mAbs are available. A small case series of
nine patients showed that the use of anti-CGRP mAbs for migraine
in people with relapsing-remitting MS was associated with AEs in
33% of the cases, with two patients experiencing, respectively, a
progression in the Expanded Disability Status Scale score and a new
radiological relapse [7].

In a retrospective case series including 27 patients with MS, con-
current use of disease-modifying therapy and anti-CGRP mAbs was
not associated with the worsening of MS symptoms, and only mild
AEs occurred in 11% of patients (i.e., muscle spasms and constipa-
tion) [8].

Another retrospective case series included 23 patients with mi-
graine treated with an anti-CGRP mAb and comorbid neurologic,
oncologic, or autoimmune diseases treated with another mAb. No
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evidence of novel AEs with coadministration of mAbs was reported.
The reported AEs found during the study were constipation, hair
loss, and injection site reaction, all common AEs occurring with
anti-CGRP mAbs [9]. Furthermore, the effectiveness of anti-CGRP
mAbs in patients with rheumatologic or autoimmune comorbidities
has not been thoroughly investigated. Limited data suggest that the
presence of immunorheumatologic disease history may be a nega-
tive predictive factor for the responsiveness of migraine patients to
anti-CGRP mAbs [1, 15].

In our population, most of the patients were already being
treated with a mAbs for another condition, mainly for osteoporo-
sis, rheumatologic diseases, or MS. These disorders often occur in
comorbidity with migraine [16], and the mAbs used in these con-
ditions have been available for a longer time compared to CGRP
mAbs. The incidence of AEs following the introduction of a second
mAb was very low and mostly mild. AEs associated with the intro-
duction of the second mAb included constipation, other gastroin-
testinal symptoms, and alopecia. The AEs were usually reported
during anti-CGRP mAb treatment in monotherapy. In most cases,
the onset of constipation was temporally associated with the in-
troduction of an anti-CGRP mAb (erenumab or galcanezumab) to a
pre-existing mAb therapy (denosumab, ocrelizumab, natalizumab).
In the case of erenumab, it is reasonable to attribute the onset of
constipation to erenumab itself, as constipation is more frequent
in erenumab-treated patients compared to patients managed with
other CGRP mAbs [17,18].

Regarding galcanezumab, our data indicate a temporal associa-
tion between its introduction and the onset of constipation when
combined with ongoing prior therapies such as natalizumab or ocreli-
zumab. Alopecia was reported following the combination of galcane-
zumab with previously prescribed ustekinumab. Both galcanezumab
and ustekinumab have been reported to cause hair loss individually
[19, 20]. In both cases, it is challenging to determine which drug de-
termined the onset or worsening of gastrointestinal symptoms, as
well as to determine causation or correlation.

mAbs substantially differ from small molecules in pharmaco-
dynamic and pharmacokinetic features. The target specificity of
mAbs is associated with fewer AEs compared to conventional
small molecules, with occurring AEs usually strictly related to
the target. Considering pharmacokinetics, mAbs are consider-
ably larger than most small molecules, distribution across the
blood-brain barrier is poor, and they have a different clearance
mechanism with small molecules (i.e., catabolism to endogenous
amino acids) and no implication of cytochrome CYP450-mediated
metabolism. Therefore, interaction between mAbs and between
small molecules and mAbs is unlikely, and if these occur, they are
mostly through indirect mechanisms [6,21]. Differences between
small molecules and mAbs have been reported [6,22]. To date, no
interactions have been reported with anti-CGRP mAbs and other
molecules [6]. Providing real-world evidence on the absence of in-
teractions between anti-CGRP mAbs and other mAbs can boost
the confidence of specialists in co-prescribing mAbs in clinical
practice.

This study has several strengths. It is the first and largest mul-
ticentric study with data collected prospectively, specifically as-
sessing the safety and tolerability of coadministration of anti-CGRP
mAbs and other mAbs. Several different mAbs and diseases have
been included, allowing a widespread overview of clinical practice.
There are also some limitations to acknowledge. First, due to data
availability within clinical practice settings, MHDs were used as sec-
ondary effectiveness outcomes instead of monthly migraine days.
Second, it is difficult to determine whether an AE can conclusively
be attributed to either the anti-CGRP mAb or another mAb.

CONCLUSIONS

Preliminary findings confirm the efficacy and safety of anti-CGRP
mAbs even when used in combination with other mAbs for other dis-
eases. The appearance of mild AEs following the start of combined
therapies should be further investigated to determine whether there

is a temporal or causal relationship between the two events.
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