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Abstract
Introduction

Migraine is a frequent neurological condition manifested by several episodes of headache. Calcitonin gene-
related peptide (CGRP) has been shown to play a key role in the pathophysiology of migraine. Galcanezumab
is a monoclonal antibody that binds CGRP and inhibits its action, without affecting the CGRP receptor. The
aim of this study is to carry out a systematic review and meta-analysis of all randomized placebo-controlled
trials that evaluated the efficacy of galcanezumab (120 mg or 240 mg) for the management of migraine.

Methods

We screened four databases (PubMed, SCOPUS, Embase, and Cochrane Central) from inception to October
10, 2020. Studies meeting the following criteria were included: (i) Patients: individuals with migraine, (ii)
Intervention: galcanezumab at a dose of 120 mg or 240 mg, (iii) Comparator: placebo, (iv) Outcomes:
prespecified efficacy and safety outcomes, and (v) Study design: randomized placebo-controlled trials.
Efficacy outcomes included change in migraine headache days (MHDs), change in MHDs with acute
medication use, patient global impression of severity (PGI-S) score, migraine-specific quality of life role
function-restrictive domain (MSQ RF-R) score, and migraine disability assessment (MIDAS) score. Safety
outcomes included frequency of injection-site pain, nasopharyngitis, and upper respiratory tract infection
(URTI). Moreover, we used the Cochrane Collaboration's risk of bias tool to assess the risk of bias of the
included studies. Review Manager Software, version 5.4.1, was used for statistical analysis. Mean difference
and risk ratio with 95% confidence interval were used to analyze continuous and dichotomous outcomes,
respectively. We used the fixed-effects and random-effects models to analyze homogeneous and
heterogeneous data, respectively.

Results

A total of six studies comprising 4,023 patients were included in this systematic review and meta-analysis.
When compared to placebo, both doses of galcanezumab were highly effective in decreasing MHDs
(p<0.001), reducing MHDs with acute medication use (p<0.001), and improving the PGI-S score (p<0.001).
On the other hand, MSQ RF-R and MIDAS scores were significantly enhanced only in the 240-mg dose group
(p<0.001). With regard to side effects, the rates of injection-site pain and nasopharyngitis did not
substantially differ between galcanezumab (inclusive of 120 mg and 240 mg) and placebo groups.
Nonetheless, when compared to placebo, galcanezumab 120 mg, but not galcanezumab 240 mg,
substantially correlated with a higher rate of URTL

Conclusions

Galcanezumab is clinically safe and efficient for the management of migraine, and the use of a higher dose
increases its efficacy. Future research directions should be geared toward determining the optimal dose of
galcanezumab in the management of patients with migraine. Moreover, head-to-head comparative studies
between galcanezumab and other related anti-CGRP receptor monoclonal antibodies are warranted.

Categories: Neurology
Keywords: migraine, calcitonin gene-related peptide, headache, galcanezumab

Introduction

Migraine is a frequent neurological condition manifested by several episodes of headache. These episodes
are often accompanied by nausea, vomiting, and light hypersensitivity [1]. Migraine is categorized into two
main types in accordance with the frequency of headaches: episodic migraine (<15 headache days per
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month) and chronic migraine (>15 headache days per month) [2]. Migraine pathophysiology is not exactly
known [1]. However, the accumulating body of research highlights a key role of calcitonin gene-related
peptide (CGRP) in migraine pathophysiology [3,4]. This notion is supported by the observation that
intravenous injection of CGRP results in spontaneous episodes of headache and migraine in migraineurs [3].
Moreover, blood levels of CGRPs are dramatically increased during migraine attacks [4].

Galcanezumab is a monoclonal antibody that binds CGRP and inhibits its action, without affecting the CGRP
receptor [5,6]. Many clinical trials were performed investigating the efficacy of galcanezumab for the
management of migraine. However, these clinical trials varied substantially with regard to the range of
doses used. Moreover, till now, the proposed evidence from these clinical trials is contradictory. Therefore,
the need for a comprehensive research that pools this evidence has become more required, which
constituted the basic core of why we aimed to conduct this study to fill the literature gap. The objective of
this study is to carry out a systematic review and meta-analysis of all randomized placebo-controlled trials
that specifically evaluated the efficacy and safety of galcanezumab (120 mg or 240 mg) in patients with
migraine.

Materials And Methods
Research protocol

This research was conducted in compliance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [7] and the Cochrane Handbook for Systematic Reviews of
Interventions, Version 5.1.0 [8].

Search strategy

Four databases (PubMed, SCOPUS, Embase, and Cochrane Central) were screened from inception to October
5, 2020. The following search strategy was used in screening for relevant studies: (galcanezumab OR
emgality OR LY2951742 OR LY-2951742 OR ajovy OR galcanezumab-gnlm OR aimovig) AND (migraine).
There was no language restriction.

Eligibility criteria

Studies meeting the following criteria were included: (i) Patients: individuals with migraine, (ii)
Intervention: galcanezumab at a dose of 120 mg or 240 mg, (iii) Comparator: placebo, (iv) Outcomes:
prespecified efficacy (primary) and safety (secondary) outcomes, and (v) Study design: randomized placebo-
controlled trials. Exclusion criteria included (i) patients with conditions other than migraine, (ii)
interventional monoclonal antibodies other than galcanezumab, (iii) doses of galcanezumab other than 120
mg or 240 mg, (iv) animal trials, (v) nonrandomized human clinical trials, and (vi) studies not reporting the
prespecified efficacy or safety outcomes.

Study selection

After screening of studies, duplicates were removed, and the remaining studies underwent a two-stage
screening process. The first stage involved title and abstract screening. The second stage involved
conducting full-text screening to exclude irrelevant trials. Moreover, we manually searched the reference
lists of included studies to consider additional relevant studies. Two authors independently screened the
studies and conflicts were resolved by a third author.

Risk of bias assessment

Cochrane Collaboration's risk of bias tool was used to assess the risk of bias of the included randomized
placebo-controlled trials [9]. This risk tool consists of six domains: (i) sequence generation, (ii) allocation
concealment, (iii) outcomes blinding, (iv) incomplete data, (v) selective reporting, and (vi) other bias. We
scored each domain as unclear, low, or high risk. Two authors independently assessed the risk of bias, and
conflicts were resolved by a third author.

Data extraction

The following three categories of data were collected: (i) baseline characteristics of the included studies, (ii)
efficacy outcomes, and (iii) safety outcomes. Baseline characteristics of the included studies included first
author, year of publication, national clinical trial (NCT) identifier, phase of clinical trial, type of migraine,
study group, and sample size. Efficacy outcomes included change in monthly migraine headache days
(MHDs), change in monthly MHDs with acute medication use, patient global impression of severity (PGI-S)
score, migraine-specific quality of life role function-restrictive (MSQ RF-R) domain score, and migraine
disability assessment (MIDAS) score. Safety outcomes included frequency of injection-site pain,
nasopharyngitis, and upper respiratory tract infection (URTI). Several authors extracted the necessary data.

Data analysis

Review Manager Software Version 5.4.1 was used for statistical analysis. Mean difference (MD) and risk ratio
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(RR) with 95% confidence interval (95% CI) were used to analyze continuous and dichotomous outcomes,
respectively. Fixed-effects and random-effects models were used to analyze homogenous and heterogeneous
data, respectively. Statistical heterogeneity between studies was assessed by I-squared (I2) test and the p-
value of heterogeneity. Statistical heterogeneity was determined when 12 measured >50% and p-value of
heterogeneity measured <0.1. Sensitivity analysis using Cochrane's leave-one-out method was used to
resolve heterogonous outcomes. For all outcomes, subgroup analysis according to the galcanezumab dose
was conducted (120 mg/240 mg versus placebo).

Results
Literature search

Literature search yielded 510 studies. After screening, 490 studies were excluded because they did not match
our inclusion criteria. Full-text screening of the remaining 20 studies resulted in an elimination of 14
studies that did not match our inclusion criteria. Finally, six studies comprising 4,023 patients were included
in this systematic review and meta-analysis [5,10-14]. Figure / shows the PRISMA flowchart.

(o
Records identified through database searching Additional records identified
g (n=763) through other sources
§ (n=0)
= PubMed (n=295), Scopus (n=198), Web of Science
§ (n=136), Cochrane Library (n=107)
p -
- ’ hJ
— Records after duplicates removed
(n=510)
0
£
‘g Y
Records screened Records excluded
(n=510) (n=494)
)
Y
Full text articles assessed Full-text articles excluded
¥ for eligibility (n=10)
= (n=16)
3
]
Y
L Studies included in
qualitative synthesis
(n=6)
3 !
@
-
2 studies included in
= quantitative synthesis
(meta-analysis)
(n=6)

FIGURE 1: PRISMA flowchart.

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Galcanezumab and placebo were administered to 1,974 and 2,049 patients, respectively. The baseline
characteristics of the included studies are depicted in Table 1.
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Study
identifier

Stauffer et
al., 2018 [5]

Detke et al.,
2018 [14]

Skljarevski
etal., 2018
[10]

Skljarevski
etal., 2018
1]

Sakai et al.,
2020 [12]

Mulleners et
al., 2020 [13]

NCT
identifier

NCT02614183

NCT02614261

NCT02163993

NCT02614196

NCT02959177

NCT03559257

Migraine MHDs per month MIDAS
- Female attacks per with acute baseline
Phase Condition Study group n .
(%) month, mean medication use, score,
(SD) mean (SD) mean (SD)
Galcanezumab
213 85 5.6 (1.7) 7.4 (3.7) 32.9 (28.2)
(120 mg)
Episodic
3 L Galcanezumab
migraine 212 82.6 5.7 (1.8) 7.3 (3.3) 36.1 (27.8)
(240 mg)
Placebo 433 83.6 5.8(1.7) 7.4 (3.5) 31.8 (27.3)
Galcanezumab
278 85 NR 15.1 (6.3) 62.5 (49.5)
(120 mg)
3 Chronic migraine Galcanezumab
277 82 NR 14.5 (6.3) 69.2 (64.1)
(240 mg)
Placebo 558 87 NR 15.5 (6.6) 68.7 (57.4)
Galcanezumab 70 84.6 4.6 (1.6 NR NR
2 Episodic (120 mg) ) BEE
migraine
Placebo 137 79.6 4.7 (1.5) NR NR
Galcanezumab
231 85.3 5.54 (1.8) 7.47 (3.3) 30.9 (27.9)
(120 mg)
Episodic
3 Galcanezumab
migraine 231 85.7 5.66 (1.8) 7.47 (3.3) 32.8 (28.8)
(240 mg)
Placebo 461 85.3 5.7(1.8) 7.6 (3.4) 34.3 (31.0)
Galcanezumab
115 82.6 5.6 (1.7) 7.3(2.9) 14.8 (18.1)
(120 mg)
Episodic
2 Galcanezumab
migraine 114 84.2 5.5(1.8) 7.8 (3.0) 13.7 (13.9)
(240 mg)
Placebo 230 85.2 5.5(1.7) 7.4 (3.0) 15.8 (19.3)
q q Galcanezumab
Episodic 232 84 NR 12.3 (6) 50.9 (46)
3 migraine and (120 mg)
chronic migraine g, .opo 230 88 NR 12.4 (6) 51 (45.5)

TABLE 1: Baseline characteristics of the included studies.

MHD, monthly headache days; MIDAS, migraine disability assessment; NCT, national clinical trial; NR, not reported; SD, standard deviation

Results of risk of bias assessment

All studies showed low risk of bias for the domains of random sequence generation, blinding of participants
and personnel, incomplete outcome data, and selective reporting. Inadequate details were provided for
allocation concealment and blinding of outcome assessments in some studies, and hence these domains
were scored as unclear risk. Overall, all included studies revealed low-to-moderate risk of bias.

Figure 2 shows the risk of bias summary and graph.
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FIGURE 2: Risk of bias summary and graph.

Efficacy outcome: overall mean change from baseline in the number of
monthly MHDs

The overall effect size significantly favored galcanezumab over placebo (MD=2.28; 95% CI [2.02, 2.55];

p<0.001). Pooled results were homogeneous (I2=34%; p=0.15), and the fixed-effects model was used

(Figure 53). Subgroup analysis was performed according to the galcanezumab dose. For galcanezumab 120 mg
versus placebo, the overall effect size significantly favored the galcanezumab group (MD=2.39; 95% CI: [2.04,
2.74]; p<0.001). Pooled results were homogeneous (12:46%; p=0.11). For galcanezumab 240 mg versus
placebo, the overall effect size significantly favored the galcanezumab group (MD=2.14; 95% CI [1.73, 2.55];

p<0.001). Pooled results were homogeneous (IZ:ZZ%; p=0.28).

Galcanezumab Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1 Galcanezumab 120 mg vs Placebo
Skijarevski 2018a 43 335 70 34 298 137 Not estimable
Stauffer 2018 47 522 210 28 515 425 9.8% 1.90(1.04,276)
Skijarevski 2018b 43 456 23 23 429 461 145% 2.00(1.29,2.71]
Detke 2018 48 165 273 27 928 538 11.1% 2.10(1.29,291]
Sakai 2020 35 32 115 059 348 230 13.3% 2.91[2.17,3.65)
Mulleners 2020 414 485 230 102 483 228 92% 3.12(2.23,4.01]
Subtotal (95% CI) 1059 1882 57.8% 2.39[2.04,2.74]

Heterogeneity: Chi*=7.43, df= 4 (P=0.11), F= 46%
Testfor overall effect: Z= 13.24 (P < 0.00001)

1.4.2 Galcanezumab 240 mg vs Placebo

| ol

Stauffer 2018 46 548 208 28 515 425 91% 1.80(0.91,269)
Detke 2018 46 662 274 27 928 538 59% 1.90(0.79,3.01)

Skijarevski 2018b 42 447 223 23 429 461 145% 1.90[1.19,261)

Sakai 2020 336 33 114 059 348 230 127% 2.77(2.02,352) —
Subtotal (95% CI) 819 1654  42.2% 2.14[1.73,2.55] -

Heterogeneity. Chi*= 3.86, df= 3 (P = 0.28), I*= 22%
Testfor overall effect: Z=10.14 (P < 0.00001)

Total (95% CI) 1878 3536 100.0% 2.28[2.02, 2.55] L 2
Heterogeneity: Chi*=12.09, df=8 (P = 0.15); F=34% ‘2 3 2 i
Testfor overall effect Z=16.65 (P < 0.00001) Favours [Placebo] Favours [Galcanezumab)]
Test for subaroun differences: Chi*=0.81.df=1 (P=0.37). F= 0%

it

FIGURE 3: Forest plot showing the change in monthly migraine
headache days between galcanezumab and placebo groups.
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Efficacy outcome: overall mean change from baseline in the number of
monthly MHDs with acute medication use

The overall effect size significantly favored galcanezumab over placebo (MD=2.22; 95% CI [1.82, 2.63];
p<0.001). Pooled results were heterogeneous (12=60%; p=0.010), and the random-effects model was used
(Figure 4). Subgroup analysis was performed according to the galcanezumab dose. For galcanezumab 120 mg
versus placebo, the overall effect size significantly favored the galcanezumab group (MD=2.44; 95% CI [1.81,
3.06]; p<0.001). Pooled results were heterogeneous (12=69%; p=0.01). Heterogeneity was best resolved
(12=50%; p=0.11) by omitting Mulleners et al.” study [13], and the overall effect size still significantly favored
the galcanezumab group (MD=2.19; 95% CI [1.65, 2.73]; p<0.001). For galcanezumab 240 mg versus placebo,
the overall effect size significantly favored the galcanezumab group (MD=1.97; 95% CI [1.49, 2.44]; p<0.001).
Pooled results were homogeneous (12=39%; p=0.18).

A Galcanezumab Placebo Mean Difference Mean Difference

Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

3.4.1 Galcanezumab 120 mg vs Placebo

Stauffer 2018 4 435 210 22 536 425 11.1% 1.80[1.02, 2.58]

Skljarevski 2018h 37 304 2% 1.9 429 461 14.0% 1.80[1.25,2.35] =

Detke 2018 47 661 273 22 696 538 8.9% 2.50[1.52,3.48]

Sakai 2020 3.02 364 115 012 363 230 107% 2.90[2.09,3.71] e
Mulleners 2020 419 485 230 0.8 468 228 100% 3.39(2.52, 4.26] -
Subtotal (95% CI) 1059 1882 54.8% 2.4411.81,3.06] T

Heterogeneity: Tau®= 0.35; Chi*= 12.95, df= 4 (P = 0.01); F= 69%
Testfor overall effect: Z= 7.59 (P < 0.00001)

3.4.2 Galcanezumab 240 mg vs Placebo

Stauffer 2018 38 389 208 22 536 425 116% 1.60(0.87,2.33] —
Skljarevski 2018b 36 299 223 19 429 461 140% 1.70[1.15,2.25) S

Detke 2018 43 682 274 22 696 538 89% 210[1.12,3.08]

Sakai 2020 281 363 114 012 363 230 107% 2.69 [1.88, 3.50] =
Subtotal (95% Cl) 819 1654  45.2% 1.97 [1.49, 2.44] -

Heterogeneity: Tau®= 0.09; Chi*= 4.89, df= 3 (P = 0.18); F= 39%
Test for overall effect: Z= 8.07 (P < 0.00001)

Total (95% CI) 1878 3536 100.0% 2.22[1.82,2.63] R
Heterogeneity: Tau®= 0.22; Chi*= 20.17, df= 8 (P = 0.010); F= 60% El #2 é i
Testfor overall effect Z=10.82 (P < 0.00001) Favours [Placebo] Favours [Galcanezumab]
Testfor subaroup diflerences: Chi*= 1.36, df= 1 (P = 0.24), F= 26.6%

B Galcanezumah Placebo Mean Difference Mean Difference

Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

3.4.1 Galcanezumab 120 mg vs Placebo

Stauffer 2018 4 435 210 22 536 425 120% 1.80[1.02, 2.58]

Skljarevski 2018h 37 304 2 1.9 429 461 17.5% 1.80[1.25,2.35) ——

Detke 2018 47 6861 273 22 696 538 88% 2.50[1.52,3.48)

Sakai 2020 3.02 364 115 012 363 230 11.3% 2.90(2.09,3.71] —
Mulleners 2020 419 485 230 08 468 228 00% 3.39(2.52, 4.26]

Subtotal (95% CI) 829 1654  49.6% 2.19[1.65,2.73] -

Heterogeneity: Tau®= 0.15; Chi*= 6.03, df=3 (P=0.11); F=50%
Test for overall effect. Z=7.94 (P < 0.00001)

3.4.2 Galcanezumab 240 mg vs Placebo

Stauffer 2018 38 389 208 22 536 425 129% 1.60[0.87,2.33] —
Skljarevski 2018b 36 299 223 1.9 429 461 175% 1.70[1.15,2.25) I

Detke 2018 43 662 274 22 696 538 88% 210[1.12,3.08)

Sakai 2020 281 363 114 012 363 230 11.3% 2.69[1.88,3.50] =
Subtotal (95% Cl) 819 1654  50.4% 1.97 [1.49, 2.44] R 2

Heterogeneity: Tau®= 0.09; Chi*= 4.89, df=3 (P=0.18), F=39%
Test for overall effect. Z= 8.07 (P < 0.00001)

Total (95% C1) 1648 3308 100.0%  2.07[1.73,2.41] -
Heterogeneity: Tau®= 0.08; Chi= 11.48, df= 7 (P = 0.12); = 3% + + + +
Testfor overall effect Z=11.98 (P < 0.00001) Favours [Placebo] Favours [Galcanzumab]

Test for subaroup differences: Chi*= 0.37, df=1 (P = 0.54), F=0%

FIGURE 4: Forest plot showing the change in monthly migraine
headache days with acute medication use between galcanezumab and
placebo groups before (A) and after (B) sensitivity analysis using the
leave-one-out method.

Efficacy outcome: PGI-S score

The overall effect size significantly favored galcanezumab over placebo (MD=0.26; 95% CI [0.18, 0.34];

p<0.001). Pooled results were homogenous (IZ=0%; p=0.84), and the fixed-effects model was used (Figure 5).
Subgroup analysis was performed according to the galcanezumab dose. For galcanezumab 120 mg versus
placebo, the overall effect size significantly favored the galcanezumab group (MD=0.24; 95% CI [0.13, 0.35];
p<0.001). Pooled results were homogeneous (IZ=0%; p=0.44). For galcanezumab 240 mg versus placebo, the
overall effect size significantly favored the galcanezumab group (0.28 [0.16, 0.41]; p<0.001). Pooled results

were homogeneous (12=0%; p=0.99).
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Galcanezumah Placebo Mean Difference Mean Difference
Study or Subgroup  Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
4.4.1 Galcanezumab 120mg vs placebo
Sakai 2020 025 085 115 015 09 230 176% 0.10[-0.09,0.29] T
Detke 2018 08 1685 273 06 232 538 86% 020[-0.08 048 -
Skljarevski 2018h 1.2 152 23 09 215 461 8.6% 0.30[0.02,058]
Stauffer 2018 16 151 189 13 155 377 9.4% 0.30[0.03,057)
Mulleners 2020 0664 1.31 228 0283 1.29 225 116% 0.38[0.14, 062]
Subtotal (95% Cl) 1036 1831 55.8% 0.24[0.13,0.35]

Heterogeneity: Chi*= 3.79, df= 4 (P = 0.44), F= 0%
Test for overall effect: Z= 4.28 (P < 0.0001)

4.4.2 Galcanezumab 240 mg vs placebo

Sakai 2020 041 085 114 015 09 230 175% 0.26(0.07, 045
Skljarevski 2018b 12 149 223 09 215 461 8.6% 0.30[0.02,0.58]
Detke 2018 09 166 274 06 232 538 86% 030[0.02058
Stauffer 2018 16 149 184 1.3 155 377  04% 0.30[0.03,057)
Subtotal (95% Cl) 795 1606 44.2% 0.28[0.16,0.41]

Heterogeneity: Chi*= 0.10, df= 3 (P = 0.99), F= 0%
Test for overall effect: Z= 4.54 (P < 0.00001)

il

Total (95% CI) 1831 3437 100.0% 0.26 [0.18,0.34]
Heterogeneity: Chi*= 4.18, df=8 (P = 0.84); F= 0%

Test for overall effect: Z=6.22 (P < 0.00001)

Test for subaroup differences: Chi*=0.30, df=1 (P = 0.58), F=0%

05 -0.25 026 05
Favours [Placebo] Favours [Galcanezumab]

FIGURE 5: Forest plot showing PGI-S between galcanezumab and
placebo groups.

PGI-S, global impression score of severity

Efficacy outcome: MSQ RF-R score
The overall effect size significantly favored galcanezumab over placebo (MD=4.39; 95% CI [2.10, 6.68];

p<0.001). Pooled results were heterogeneous (12=72%; p<0.001), and the random-effects model was used
(Figure 6). Subgroup analysis was performed according to the galcanezumab dose. For galcanezumab 120 mg
versus placebo, the overall effect size did not significantly differ between both groups (MD=2.06; 95% CI [-
1.79, 5.90]; p=0.32). Pooled results were heterogeneous (12=80%; p=0.002). Heterogeneity was best resolved
(1=0%; p=0.53) by omitting Sakai et al’s study [12], and the overall effect size still did not favor any group
(MD=0.37; 95% CI [-1.75, 2.50]; p=0.73). For galcanezumab 240 mg versus placebo, the overall effect size
significantly favored the galcanezumab group (MD=6.59; 95% CI [4.92, 8.26]; p<0.001). Pooled results were

homogeneous (IZ:O%; p=0.88).

Galcanezumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean _ SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.4.1 Galcanezumab 120 mg vs Placebo
Detke 2018 218 2313 273 231 2648 274 11.2% -1.30[547,287) —
Stauffer 2018 324 2062 189 321 156 184 121% 0.30 [-3.40, 4.00] R
Skljarevski 2018h 285 1824 21 27 1792 223 129% 1.50 [1.83,4.83] i
Sakai 2020 171 1265 115 101 115 230 141% 7.00[4.25,9.75] I
Subtotal (95% CI) 808 911 50.2% 2.06 [-1.79, 5.90] ——eaEEED—
Heterogeneity: Tau®=12.22; Chi*=15.02, df= 3 (P = 0.002); F=80%
Test for overall effect: Z=1.05 (P = 0.29)
5.4.2 Galcanezumab 240 mg vs Placebo
Sakai 2020 159 128 114 101 115 230 140% 5.80[3.02, 8.58] e
Detke 2018 231 2648 274 168 27.83 538 116% 6.30(2.38,1022) - =
Skljarevski 2018h 27 1792 223 197 1932 461 137%  7.30([4.36,10.24] —_—
Staufier 2018 321 156 184 247 3902 377 104%  7.40(2.86,11.94] e —
Subtotal (95% CI) 795 1606 49.8% 6.59 [4.92, 8.26] g
Heterogeneity: Tau®= 0.00; Chi*= 0.68, df= 3 (P = 0.88); F= 0%
Test for overall effect: Z=7.74 (P < 0.00001)
Total (95% CI) 1603 2517 100.0% 4.39[2.10, 6.68] -
Heterogeneity: Tau?= 7.75; Chi*= 25.23, df = 7 (P = 0.0007); F= 72% g + t 1

Testfor overall effect Z=3.75 (P = 0.0002)

8 ; Favours [Placebo] Favours [Galcanezumab]
Testfor subaroup differences: Chi*= 4.50, df=1 (P=0.03), F=77.8%

B Galcanezumab Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.4.1 Galcanezumab 120 mg vs Placebo
Detke 2018 218 2313 273 231 2648 274 131%  -1.30[547,287) —
Staufier 2018 324 2062 189 321 156 184 141% 0.30 [-3.40, 4.00] N
Skljarevski 2018h 285 1824 2 27 1792 223 149% 1.50[-1.83,4.83] I e —
Sakai 2020 171 1265 115 101 115 230 00% 7.00[4.25,9.75]

Subtotal (95% CI) 693 681 42.1% 0.37 [-1.75, 2.50] i

Heterogeneity: Tau®*= 0.00; Chi*= 1.06, df= 2 (P = 0.59); F= 0%
Test for overall effect Z=0.34 (P=0.73)

5.4.2 Galcanezumab 240 mg vs Placebo

Sakai 2020 159 128 114 101 115 230 16.2% 5.80[3.02,8.58] - —
Detke 2018 231 2648 274 168 2783 538 136% 6.30(2.38,1022) —
Skljarevski 2018b 27 1792 223 197 1932 461 158%  7.30([4.36,10.24] —
Stauffer 2018 321 156 184 247 3902 377 123%  7.40(2.86,11.94] BT
Subtotal (95% Cl) 795 1606 57.9% 6.59 [4.92, 8.26] -

Heterogeneity. Tau®= 0.00; Chi*= 0.68, df=3 (P = 0.88), F= 0%
Testfor overall effect: Z=7.74 (P < 0.00001)

Total (95% CI) 1488 2287 100.0% 3.96 [1.39, 6.52] e
Heterogeneity: Tau®= 8.57; Chi*= 22.04, df= 6 (P = 0.001); F=73% + t
Test for overall effect: Z= 3.02 (P = 0.002) B
Test for subaroun differences: Chi*= 20.30, df=1 (P < 0.00001), F=95.1%
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FIGURE 6: Forest plot showing the MSQ RF-R score between
galcanezumab and placebo groups before (A) and after (B) sensitivity
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analysis using the leave-one-out method.

MSQ RF-R, migraine-specific quality of life questionnaire role function-restrictive

Efficacy outcome: MIDAS score
The overall effect size significantly favored galcanezumab over placebo (MD=6.83; 95% CI [1.35, 12.32];

p<0.001). Pooled results were heterogeneous (12=69%; p=0.01), and the random-effects model was used
(Figure 7). Subgroup analysis was performed according to the galcanezumab dose. For galcanezumab 120 mg
versus placebo, the overall effect size significantly favored the galcanezumab group (MD=7.06; 95% CI [-3.68,

17.81]; p=0.20). Pooled results were heterogeneous (12=81%; p=0.005). Heterogeneity was best resolved

(12=0%; p=0.71) by omitting Mulleners et al’s study [13], and the overall effect size did not favor any group
(MD=1.29; 95% CI [-2.76, 5.35]; p=0.53). For galcanezumab 240 mg versus placebo, the overall effect size
significantly favored the galcanezumab group (MD=7.85; 95% CI [4.08, 11.62]; p<0.001). Pooled results were

homogeneous (12=O%; p=0.64).

A

Galcanezumab Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.4.1 Galcanezumab 120 mg vs Placebo
Skljarevski 2018b 21.2 2332 231 202 2389 223 269% 1.00[-3.34,5.34) o
Detke 2018 203 67.74 273 17 67.87 274 136% 3.30[-8.06, 14.66) S
Mulleners 2020 211 50 228 33 4925 225 171% 17.80(3.66,26.94] =
Subtotal (95% CI) 732 722 575% 7.06[-3.68,17.81] SRR

Heterogeneity: Tau®= 71.59; Chi*= 10.60, df= 2 (P = 0.005), F=81%
Test for overall effect: Z=1.29 (P = 0.20)

6.4.2 Galcanezumab 240 mg vs Placebo

Detke 2018 17 67.87 274 115 7886 538 14.9% 550[4.94,1594] -1
Skljarevski 2018b 202 2389 223 12 27.91 461 276%  8.20(4.16,12.24] —a—
Subtotal (95% CI) 497 999 425%  7.85[4.08, 11.62] -

Heterogeneity: Tau®= 0.00; Chi*= 0.22, df=1 (P = 0.64); F= 0%
Testfor overall effect: Z= 4.08 (P < 0.0001)

Total (95% CI) 1229 1721 100.0%  6.83[1.35, 12.32] R
Heterogeneity: Tau®= 24.18; Chi*=12.85, df=4 (P = 0.01), F= 69% ETRED) 3 70

Testfor overall effec_l' Z=244 ‘F=, 0.01) Favours [Placebo] Favours [Galcanezumab]
Test for subaroup differences: Chi*= 0.02, df=1 (P =0.89), F=0%

B Galcanezumab Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.4.1 Galcanezumab 120 mg vs Placebo
Skljarevski 2018 21.2 2332 231 202 2389 223 36.4% 1.00[-3.34,5.34]

Detke 2018 203 67.74 273 17 67.87 274 11.8% 3.30[-8.06, 14.66]
Mulleners 2020 211 50 228 33 4925 225 00% 17.80(8.66,26.94]
Subtotal (95% CI) 504 497  482% 1.29[-2.76, 5.35]

Heterogeneity: Tau®= 0.00; Chi*=0.14, df=1 (P = 0.71); F= 0%
Testfor overall effect: Z= 0.62 (P =0.53)

6.4.2 Galcanezumab 240 mg vs Placebo

Detke 2018 17 67.87 274 115 7886 538 13.5% 5.50[-4.94,15.94] B e —
Skljarevski 2018h 202 2389 223 12 27.91 461 38.2%  8.20(4.16,12.24] ——
Subtotal (95% CI) 497 999 51.8% 7.85[4.08,11.62] -

Heterogeneity: Tau®= 0.00; Chi*= 0.22, df=1 (P = 0.64), F= 0%
Test for overall effect: Z= 4.08 (P < 0.0001)

Total (95% CI) 1001 1496 100.0%  4.63[0.23,9.03] -
Heterogeneity: Tau?= 8.92; Chi*= 5.74, df= 3 (P = 0.12); "= 48%
Testfor overall effect Z= 2.06 (P = 0.04)

Testfor subaroup differences: Chi*= 5.38, df=1 (P = 0.02), F= 81.4%

20 -10 10 20
Favours [Placebo] Favours [Galcanezumab)

FIGURE 7: Forest plot showing MIDAS between galcanezumab and
placebo groups before (A) and after (B) sensitivity analysis using the
leave-one-out method.

MIDAS, migraine disability assessment score

Safety outcome: injection-site pain
The overall effect size did not show a significant difference between both groups (RR=1.35; 95% CI [0.98,

1.86]; p=0.06) Pooled results were heterogeneous (12=62%; p=0.005), and the random-effects model was used
(Figure 8). Subgroup analysis was performed according to the galcanezumab dose. For galcanezumab 120 mg
versus placebo, the overall effect size significantly did not differ between both groups (RR=1.34; 95% CI

[0.79, 2.27]; p=0.28). Pooled results were heterogeneous (12=71%; p=0.004). Heterogeneity could not be
resolved by performing leave-one-out method. For galcanezumab 240 mg versus placebo, the overall effect
size did not significantly differ between both groups (RR=1.40; 95% CI [0.93, 2.11]; p=0.11). Pooled results

were homogeneous (12=52%; p=0.10).
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Galcanezumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
8.4.1 Galcanezumab 120 mg vs Placebo
Mulleners 2020 5 232 13 230 65% 0.38[0.14,1.05) T
Stauffer 2018 33 206 75 432 149% 0.92[0.63,1.34] -
Skljarevski 2018h 21 226 39 461 12.8% 1.10[0.66,1.82] b
Detke 2018 17 273 24 558 11.2% 1.45[0.79, 2.65) -
Sakai 2020 7 115 3230 44% 467[1.23,17.71]
Skljarevski 2018a 10 70 4 137 57% 4.89[1.59,15.04]
Subtotal (95% Cl) 1122 2048 55.6% 1.34[0.79, 2.27] <
Total events 93 158

Heterogeneity: Tau®= 0.28; Chi*= 17.08, df= 5 (P = 0.004); F=71%
Test for overall effect: Z=1.07 (P =0.28)

8.4.2 Galcanezumab 240 mg vs Placebo

Skljarevski 2018h 20 228 39 461 126% 1.04[0.62,1.74] s
Stauffer 2018 45 220 75 432 156% 1.18(0.85, 1.64] S
Detke 2018 20 282 24 558 11.7% 1.65(0.93, 2.93] T
Sakai 2020 8 114 3 230 48% 5.38[1.45,19.90]

Subtotal (95% Cl) 844 1681  44.4% 1.40[0.93,2.11] -
Total events 93

141
Heterogeneity: Tau®= 0.09; Chi*= 6.28, df= 3 (P=0.10); F=52%
Testfor overall effect Z=1.62 (P=0.11)

Total (95% CI) 1966 3729 100.0% 1.35[0.98, 1.86] >
Total events 186 299

Heterogeneity: Tau®= 0.14; Chi*= 23.84, df= 9 (P = 0.005); F=62%
Testfor overall effect: Z=1.85 (P = 0.06)

Test for subaroup differences: Chi*=0.02, df=1 (P = 0.89), F=0%
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FIGURE 8: Forest plot showing the rate of injection-site pain between
galcanezumab and placebo groups.

Safety outcome: nasopharyngitis
The overall effect size did not show a significant difference between both groups (MD=0.93; 95% CI [0.74,

1.16]; p=0.5). Pooled results were homogenous (12:35%; p=0.15), and the fixed-effects model was used
(Figure 9). Subgroup analysis was performed according to the galcanezumab dose. For galcanezumab 120 mg
versus placebo, the overall effect size did not significantly differ between both groups (RR=1.11; 95% CI

[0.84, 1.47]; p=0.47). Pooled results were homogeneous (12:29%; p=0.23). For galcanezumab 240 mg versus
placebo, the overall effect size did not significantly differ between both groups (RR=0.68; 95% CI [0.46, 1.00];

p=0.05). Pooled results were homogeneous (IZ=53%; p=0.53).

Galcanezumab Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
9.4.1 Galcanezumab 120 mg vs Placebo
Mulleners 2020 16 232 21 230 143% 0.76 (0.40,1.41] — =1
Skljarevski 2018 19 226 41 461 18.3% 0.95[0.56, 1.59] . —
Stauffer 2018 16 206 27 432 11.8% 1.24 (0,68, 2.25] — =
Detke 2018 17 273 26 558 11.6% 1.34[0.74,2.42] e e —
Skljarevski 2018a [ 70 3 137 1.4% 3.91[1.01,15.18] T
Subtotal (95% CI) 1007 1818 57.4% 1.11[0.84, 1.47] -~
Total events 74 118

Heterogeneity: Chi*= 5.66, df= 4 (P = 0.23); F= 29%
Test for overall effect Z=0.73 (P = 0.47)

9.4.2 Galcanezumab 240 mg vs placebo

Stauffer 2018 B 220 27 432 124% 0.44[0.18,1.04] - = |
Detke 2018 9 282 26 558 11.8% 0.68(0.33,1.44] T
Skljarevski 2018h 17 228 41 461 18.4% 0.84 [0.49,1.44] e
Subtotal (95% CI) 730 1451 42.6%  0.68[0.46, 1.00] i
Total events 32 94

Heterogeneity: Chi*=1.57, df= 2 (P = 0.46); F= 0%
Testfor overall effect: Z=1.95 (P = 0.05)

Total (95% CI) 1737 3269 100.0%  0.93[0.74, 1.16]
Total events 106 212

 ChiF= =7(P=015)F= t t | t }
Heterogeneity: Chi*=10.80, df=7 (P = 0.15), F= 35% 02 05 1 5 3

Test for overall effect: Z= 0.67 (P = 0.50)

: Favours [Galcanezumahb] Favours [Placebo]
Test for subaroun differences: Chi*= 4.03, df=1 (P =0.04), F=75.2%

FIGURE 9: Forest plot showing the rate of nasopharyngitis between
galcanezumab and placebo groups.

Safety outcome: URTI

The overall effect size significantly showed a significantly higher frequency of URTI in the galcanezumab
group (RR=1.61; 95% CI [1.16, 2.24]; p=0.004). Pooled results were homogenous (12=0%; p=0.53), and the
fixed-effects model was used (Figure 10). Subgroup analysis was performed according to the galcanezumab
dose. For galcanezumab 120 mg versus placebo, the overall effect size revealed a significantly higher
occurrence of URTI in the galcanezumab group (RR=1.79; 95% CI [1.17, 2.72]; p=0.007). Pooled results were
homogeneous (IZ=30%; p=0.23). For galcanezumab 240 mg versus placebo, the overall effect size did not
differ between both groups (RR=1.38; 95% CI [0.81, 2.35]; p=0.24). Pooled results were homogeneous (IZ=0%;
p=0.80).
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Galcanezumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
10.4.1 Galcanezumab 120 mg vs Placebo
Skljarevski 2018a g 70 12 137 161% 1.30(0.56, 3.04] e
Detke 2018 9 273 13 558 16.9% 1.42[061,3.27] ="
Skljarevski 2018h 13 226 16 461 208% 1.66[0.81, 3.39] T
Sakai 2020 9 115 3 230 40% 6.00[1.66,21.74]
Subtotal (95% CI) 684 1386 57.8%  1.79[1.17,2.72] -
Total events 39 44

Heterogeneity: Chi*= 4.27, df=3 (P = 0.23), F= 30%
Test for overall effect: Z= 2.71 (P = 0.007)

10.4.2 Galcanezumab 240 mg vs Placebo

Sakai 2020 1 114 3 230 3.9% 0.67 [0.07, 6.39]

Detke 2018 9 282 13 558 17.3% 1.37[0.59,3.17] =——
Skljarevski 2018h 12 228 16 461 21.0% 1.52[0.73,3.15] T
Subtotal (95% CI) 624 1249 42.2%  1.38[0.81,2.35] -
Total events 22 32

Heterogeneity: Chi*= 0.46, df= 2 (P = 0.80), F= 0%
Testfor overall effect: Z=1.18 (P =0.24)

Total (95% Cl) 1308 2635 100.0% 1.61[1.16, 2.24] L 2
Total events 61 76

Heterogeneity: Chi*= 5.09, df= 6 (P = 0.53), F= 0%

Test for overall effect: Z= 2.85 (P = 0.004)

Test for subaroun differences: Chi*= 0.56, df=1 (P = 0.45), F=0%
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FIGURE 10: Forest plot showing the rate of upper respiratory tract
infection between galcanezumab and placebo groups.

Discussion

Our analysis found that galcanezumab was highly effective in the management of migraine attacks.
Specifically, galcanezumab succeeded in decreasing monthly MHDs and monthly MHDs with acute
medication use. Overall, when compared to placebo, our results revealed that both doses of galcanezumab
provided nearly equal therapeutic efficacy for most outcomes, except for MSQ RF-R and MIDAS scores where
galcanezumab 240 mg showed a significantly higher efficacy when compared with galcanezumab 120 mg.
With regard to side effects, the rates of injection-site pain and nasopharyngitis did not substantially differ
between galcanezumab (inclusive of 120 mg and 240 mg) and placebo groups. Nonetheless, when compared
to placebo, galcanezumab 120 mg, but not galcanezumab 240 mg, substantially correlated with a higher rate
of URTI.

The favorable efficacy of galcanezumab for the management of migraine is somehow anticipated, as
galcanezumab has been depicted to be effective in managing other neurological disorders. In a recent
review, galcanezumab has demonstrated promising results for both prevention and treatment of cluster
headache [6,15,16]. Nonetheless, when administered to patients with osteoarthritis, galcanezumab failed to
reduce signs and symptoms in patients with knee osteoarthritis [17].

Similar drugs of the same anti-CGRP monoclonal antibodies have been previously tried for migraine and
reported encouraging results. For example, erenumab proved to be effective in the prevention and treatment
of migraine [18]. A systematic review and meta-analysis of five randomized placebo-controlled trials
revealed the superiority of erenumab over placebo in reducing the monthly MHDs and migraine-specific
medication days [19]. Fremanezumab is a humanized monoclonal antibody that targets the CGRP receptor.
Fremanezumab showed promising results in the treatment and prevention of migraine, with a very low
incidence of side effects [20]. Both fremanezumab and erenumab could advantageously convert patients from
chronic migraine status to episodic migraine status [21]. No trials till now have yet compared fremanezumab
and galcanezumab to determine which drug is more effective and safer.

Generally, common side effects of anti-CGRP monoclonal antibodies include URTI, nasopharyngitis, urinary
tract infection, and injection-site pain. Deng et al. [22] conducted a meta-analysis of 11 randomized
placebo-controlled trials comparing anti-CGRP monoclonal antibodies versus placebo. The authors revealed
that galcanezumab, fremanezumab, and erenumab significantly resulted in reduction of MHDs and acute
migraine-specific medication days, in addition to an enhancement in 50% responder rate. Moreover, the
adverse events and treatment discontinuation frequencies secondary to adverse events were not
considerably dissimilar between the anti-CGRP monoclonal antibodies and placebo groups. In subgroup
analysis, comparable efficacy and tolerability outcomes were achieved for galcanezumab, fremanezumab,
and erenumab. Similar findings were reciprocated in other meta-analyses by Zhu et al. [23] and Xu et al. [24].
In the literature, various doses of galcanezumab have been used, ranging from as low as 5 mg to as high as
300 mg. The optimal dose that yields maximum efficacy and minimum adverse events is yet to be
determined.

Our study has several strengths. The large number of included trials is the main strength of our study when
compared to previous meta-analysis studies [25-27]. We only included randomized placebo-controlled
clinical trials to ensure high-quality evidence. Moreover, we performed subgroup analysis according to the
two most commonly used galcanezumab doses (120 mg and 240 mg) and excluded the others to ensure
consistency with regard to drug dosing. Whenever heterogeneity existed during meta-analysis, we used the
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leave-one-out method to resolve the heterogeneity. Nonetheless, our study is not without limitations. The
vast majority of studies had an unclear risk of bias regarding two important domains: allocation
concealment and blinding of outcome assessment. This observation could negatively impact the quality of
the evaluated outcomes. Moreover, some of the reported endpoints revealed significant heterogeneity,
which could be ascribed to the varying degrees of migraine severity and duration of treatment. Lastly, not all
studies adequately reported our prespecified side effects.

As it stands now, galcanezumab (120 mg and 240 mg) appears to be clinically safe and effective in the
management of patients with migraine. Nonetheless, future research directions should be geared toward
determining the optimal dose of galcanezumab for the management of patients with migraine. Moreover,
head-to-head comparative studies between galcanezumab and other related anti-CGRP receptor monoclonal
antibodies are warranted.

Conclusions

In summary, this systematic review and meta-analysis examined the efficacy of galcanezumab (120 mg and
240 mg) versus placebo in patients with migraine. Our findings showed that galcanezumab (120 mg or 240
mg) was superior to placebo in reducing the number of MHDs and MHDs with acute medication use.
Moreover, galcanezumab treatment significantly correlated with improved PGI-S, MSQ RF-R, and MIDAS
scores. Overall, the rates of side effects did not substantially differ between galcanezumab and placebo
groups.
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