
198  |    Headache. 2022;62:198–207.wileyonlinelibrary.com/journal/head

Received: 12 July 2021  | Accepted: 13 November 2021

DOI: 10.1111/head.14257  

R E S E A R C H  S U B M I S S I O N S

Does “wearing off” of efficacy occur in galcanezumab- treated 
patients at the end of the monthly treatment cycle? Post hoc 
analyses of four phase III randomized trials

Jessica Ailani MD1 |   Dulanji K. Kuruppu MD2 |   Mallikarjuna Rettiganti PhD2 |    
Tina Oakes PhD2 |   Krista Schroeder PhD2 |   Linda Wietecha MS2 |   Martha Port PhD2  |   
Andrew M. Blumenfeld MD3

Abbreviations: ANOVA, analysis of variance; CGRP, calcitonin gene- related peptide; CM, chronic migraine; EM, episodic migraine; HFEM, high- frequency episodic migraine; KD, binding 
affinity; koff, dissociation rate; kon, association rate; LFEM, low- frequency episodic migraine; mAb, monoclonal antibody.

1Department of Neurology, MedStar 
Georgetown University Hospital, 
Washington, DC, USA
2Eli Lilly and Company, Indianapolis, 
Indiana, USA
3The Headache Center of Southern 
California, The Neurology Center, 
Carlsbad, California, USA

Correspondence
Dulanji K. Kuruppu, Lilly Corporate 
Center, Eli Lilly and Company, Indianapolis, 
IN 46285, USA.
Email: kuruppu_dulanji@lilly.com

Funding information
Eli Lilly and Company

Abstract
Objective: The purpose of this study was to propose a definition of “wearing off” at 
the individual patient- level and determine the percentage of patients with migraine 
who experience “wearing off” of efficacy of galcanezumab at the end of a treatment 
cycle using this predefined threshold.
Background: Anecdotal reports suggest that some patients may experience “wearing 
off” of efficacy during the last week of their calcitonin gene- related peptide monoclo-
nal antibody treatment cycle. A previous post hoc analysis of galcanezumab demon-
strated consistent efficacy at each week throughout all monthly dosing intervals at the 
population- level, but “wearing off” has not been assessed at the individual patient- level.
Methods: Post hoc analyses of clinical trial data from four galcanezumab phase III, ran-
domized, placebo- controlled studies in a total of 2680 patients with high- frequency 
episodic migraine (EVOLVE- 1, EVOLVE- 2, and CONQUER studies) or chronic migraine 
(CM; REGAIN and CONQUER studies) were conducted. “Wearing off” was defined as 
an increase of greater than or equal to 2 weekly migraine headache days in the last 
week of the treatment cycle compared to the second week for at least 2 months. The 
analyses were conducted (1) in all patients and (2) in patients with a clinically meaning-
ful response to treatment.
Results: The percentage of patients meeting the threshold of “wearing off” was not 
statistically significantly different among the placebo, galcanezumab 120 mg, and gal-
canezumab 240 mg treatment groups, both in the total population and in patients 
with a clinically meaningful response (all ≤9.0%). Although the frequency of “wearing 
off” in patients with CM and prior preventive failures was numerically greater in the 
galcanezumab groups (8/89 or 9.0%) compared to placebo (3/95 or 3.2%), these dif-
ferences were not statistically significant.
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INTRODUC TION

Migraine is a neurologic disease that is characterized by recurring ep-
isodes of head pain with associated symptoms that can be disabling.1 
Galcanezumab is a humanized monoclonal antibody (mAb) that binds 
to the calcitonin gene- related peptide (CGRP) ligand and is approved 
for the preventive treatment of migraine in adults.2 Previous clini-
cal studies have demonstrated its safety/tolerability and efficacy in 
reducing monthly migraine headache days in patients with episodic 
migraine (EM; defined as 4– 14 monthly migraine headache days) and 
chronic migraine (CM; defined as 15 or more monthly headache days 
of which at least 8 days have features of migraine headache).3– 6

Anecdotal reports suggest that some patients may experience 
“wearing off” of efficacy, or increase in the number of migraine 
headache days, during the last week of the treatment cycle prior to 
receiving their next CGRP mAb dose. Existing literature on this topic 
is limited with varying conclusions. Retrospective chart reviews and 
small observational studies suggest that 8.9% to 39.1% of patients 
experience “wearing off” with CGRP mAbs.7– 9 On the other hand, 
a post hoc analysis of a fremanezumab clinical trial showed no evi-
dence of “wearing off” at the population- level for patients with EM 
or CM on monthly or quarterly dosing regimens.10 “Wearing off” has 
also been described with onabotulinumtoxinA in 23.3% to 62.9% of 
patients, most commonly 2 to 4 weeks before the next injection.11– 14

A prior post hoc analysis of galcanezumab 120 mg monthly (with a 
240 mg loading dose) demonstrated consistent efficacy at each week 
throughout all monthly dosing intervals for patients with EM and CM.15 
There was a statistically significant mean reduction from baseline in 
migraine headache days for galcanezumab relative to placebo at each 
week of every month.15 Although there was no evidence of decreased 
efficacy toward the end of the treatment cycle at the population- level, 
there may still be individual patients who experience “wearing off”, 
and this possibility has not been previously assessed. Because CGRP 
mAbs are relatively new, there is no established definition of what 
changes in patient response constitute “wearing off”. Defining “wear-
ing off” is further complicated by the natural variability of migraine 
headache days over time.16 The objective of this study is to propose 
a definition of “wearing off” at the individual patient- level and use this 
threshold to determine the percentage of patients with migraine who 
experience “wearing off” of efficacy of galcanezumab at the end of a 
treatment cycle. Based on the consistent efficacy observed with galca-
nezumab at the population- level, we hypothesized that “wearing off” 

of galcanezumab at the end of the dosing interval would be observed 
in only a small percentage (<10%) of individual patients.

METHODS

Study design

Data for these analyses were drawn from four galcanezumab phase 
III, randomized, double- blind, placebo- controlled studies in patients 
with EM (EVOLVE- 1, EVOLVE- 2, and CONQUER studies) or CM 
(REGAIN and CONQUER studies).3– 6 Patients were randomized to 
receive monthly subcutaneous injections of galcanezumab or pla-
cebo. The double- blind treatment periods for EVOLVE- 1 and - 2 
were 6 months in duration whereas REGAIN and CONQUER were 
3 months. Detailed descriptions of the study designs were previ-
ously published.3– 6 Key similarities/differences among the four stud-
ies are outlined in Table 1. The study protocols were reviewed and 
approved by the institutional review board, medical ethics commit-
tee, or medical research and ethics committee of the participating 
study sites. All patients provided written informed consent before 
study participation. All studies were conducted in accordance with 
the ethical principles of the Declaration of Helsinki guidelines.17

Patient population

The EVOLVE- 1 and - 2, REGAIN, and CONQUER studies included 
adults ages 18 to 65 years (18 to 75 years in the CONQUER study) 
with a diagnosis of migraine. The post hoc analyses presented here 
assessed patients with high- frequency episodic migraine (HFEM; 8 
to 14 monthly migraine headache days and <15 monthly headache 
days)18 or CM (≥15 monthly headache days of which ≥8 were mi-
graine headache days). The decision to include these subgroups was 
based on a query of 40 board- certified headache specialists with 
experience prescribing CGRP mAbs, some of whom served as inves-
tigators for CGRP mAb trials. Per their expert opinion, patients with 
HFEM and CM were more likely to report “wearing off”. Patients 
with low- frequency episodic migraine (LFEM; 4 to 7 monthly mi-
graine headache days)18 were excluded from this analysis because it 
is likely difficult for patients to perceive “wearing off” at such a low 
frequency.

Conclusions: Consistent with previous analyses at the population- level that showed 
no evidence of decreased efficacy at the end of a treatment cycle, rates of individual 
patients meeting the threshold of “wearing off” in this analysis were low and similar 
among placebo, galcanezumab 120 mg, and galcanezumab 240 mg treatment groups.

K E Y W O R D S
calcitonin gene- related peptide, galcanezumab, migraine, migraine prevention, monoclonal 
antibody, wear off
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Definition of “wearing off” for an individual patient

For an individual patient, “wearing off” was defined as an increase of 
greater than or equal to two migraine headache days per week from 
week 2 (8 to 14 days post- treatment) to week 4 (defined as the final 
7 days before the next dose) in at least 2 of the treatment months 
considered in this analysis (Figure 1). The threshold of greater than or 
equal to two migraine headache days was chosen based on an intra-
patient variability analysis in weekly migraine headache days and to 
minimize the influence of fluctuations due to the natural variability of 
migraine, as detailed in the Statistical analysis section. Week 2, rather 
than week 1, was chosen for comparison to allow time for galcan-
ezumab concentration to reach median peak levels, which occurs ~ 5 
days after dosing.19

Outcomes

The post hoc analyses assessed the percentage of individual patients 
with HFEM and CM who demonstrated “wearing off” as defined ear-
lier. Whereas EVOLVE- 1 and - 2 consisted of 6- month double- blind 
treatment periods, this analysis used data from months 4 to 6 be-
cause the majority of queried headache specialists reported “wear-
ing off” typically occurred after several months of use. Further, the 
American Headache Society consensus statement recommends 
trialing once- monthly administered CGRP mAbs for 3 months be-
fore determining a patient’s response.20 Because REGAIN and 
CONQUER consisted of 3- month double- blind treatment periods, 
analyses were conducted for months 2 and 3. Month 1 was excluded 
from analyses of all the trials because patients received a 240 mg 
loading dose during that month. “Wearing off” was evaluated for 2 
or 3 months of months 4 to 6 in EVOLVE- 1 and - 2 and for months 2 
and 3 in REGAIN and CONQUER (Figure 1).

The analyses were conducted in the following populations: (1) 
all patients with HFEM or CM from the aforementioned trials and 
(2) patients with HFEM or CM with a clinically meaningful response 
to treatment. A clinically meaningful response was defined as pa-
tients with HFEM who had a greater than or equal to 50% reduction 
from baseline in monthly migraine headache days across months 
1 to 3 for EVOLVE- 1 and - 2 and in month 1 for CONQUER. This 

also included patients with CM who had a greater than or equal to 
30% reduction from baseline in monthly migraine headache days in 
month 1 for REGAIN and CONQUER. The threshold of greater than 
or equal to 50% for HFEM and greater than or equal to 30% for CM 
were chosen because these are common outcome measures used in 
clinical trials for migraine prevention and are considered clinically 
meaningful.21– 23

Statistical analysis

Patient demographics and baseline characteristics were summarized 
using mean and standard deviation or frequency and percentages as 
appropriate, and compared between treatment groups using Fisher’s 
exact test, two- way analysis of variance (ANOVA) with treatment 
group and study for EVOLVE- 1 and - 2, one- way ANOVA with treat-
ment group for REGAIN and CONQUER, and the Cochran- Mantel- 
Haenszel test. To determine the threshold used to define “wearing 
off”, estimates of intrapatient variability in weekly migraine headache 
days were calculated using the standard deviation in weekly migraine 
headache days from months 4 to 6 for EVOLVE- 1 and - 2 and months 
2 and 3 for REGAIN and CONQUER (Table S1). Intrapatient variability 
was calculated within each patient and averaged across all patients in-
cluded in the analyses. Standard deviations ranged from 0.72 to 1.33 
among patients with HFEM in EVOLVE- 1 and - 2 and CONQUER, and 
1.21 to 1.56 among patients with CM in REGAIN and CONQUER. To 
minimize erroneously identifying patients with natural variability in 
migraine headache days as patients with “wearing off”, a threshold 
increase of two migraine headache days per week within an individual 
patient was chosen because it was approximately two times the esti-
mated standard deviation of weekly migraine headache days among 
patients with HFEM. This threshold was retained for patients with 
CM because the estimate of coefficient of variation (standard devia-
tion relative to the mean) was relatively lower for patients with CM 
compared with patients with HFEM, suggesting a threshold of two 
migraine headache days per week may be appropriate for patients 
with CM as well.

For each treatment group, the percentage of patients demon-
strating an increase of greater than or equal to 2 weekly migraine 
headache days from week 2 to week 4 in 2 or 3 months of months 4 to 

F I G U R E  1  Study design. The duration of the double- blind treatment period was 6 months for EVOLVE- 1 and - 2 and 3 months for REGAIN 
and CONQUER. Months 1 to 3 of EVOLVE- 1 and - 2 and month 1 of REGAIN and CONQUER were used to determine whether the patient 
had a clinically meaningful response. “Wearing off” was calculated using data from months 4 to 6 in EVOLVE- 1 and - 2 and months 2 and 3 in 
REGAIN and CONQUER. Month 1 was not included in the analysis because a loading dose of 240 mg was administered
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6 in EVOLVE- 1 and - 2 and months 2 and 3 in REGAIN and CONQUER 
were summarized and compared between treatment groups using 
Fisher’s exact test. This comparison was assessed for the total pop-
ulation and for patients with a clinically meaningful response. All 
analyses should be considered post hoc and no adjustments for mul-
tiple testing or multiplicity were done. The sample sizes used in these 
comparisons were dictated by the size of the original studies and not 
necessarily powered to detect a statistically significant difference 
in “wearing off” between groups. Therefore, although p values for 
these comparisons are shown for informational purposes, inferences 
regarding differential rates of “wearing off” between groups should 
be interpreted with caution. All statistical analyses were conducted 
using SAS Enterprise Guide version 7.1 for Windows. All tests were 
two- sided and p values less than 0.05 were considered statistically 
significant.

RESULTS

Patient demographics and baseline disease 
characteristics

These post hoc analyses included 2680 patients from the EVOLVE- 1 
and - 2, REGAIN, and CONQUER studies. Of these patients, 1374 had 
HFEM and 1306 had CM. Most patients were women, White, and ~ 
41 to 46 years old. Many had a diagnosis of migraine for over 20 years 
and were severely disabled by their disease. Additional demographic 
and disease characteristics are presented in Table 2. Although there 
were some statistically significant differences in baseline character-
istics between treatment groups with respect to sex distribution, age, 
time since migraine diagnosis, number of monthly migraine headache 
days with acute medication use, and number of patients with greater 

TA B L E  2  Demographics and baseline disease characteristics in patients with HFEM or CM from the EVOLVE- 1 and - 2, REGAIN, and 
CONQUER studies

Characteristic

HFEM populations CM populations

EVOLVE- 1/- 2 
(N = 1176)a

CONQUER 
(N = 198)b REGAIN (N = 1113)c

CONQUER 
(N = 193)d

Age, years, mean (SD) 41.0 (11.4) 45.5 (11.4) 41.0 (12.1) 45.3 (12.4)

Female, n (%) 1018 (86.6%) 170 (85.9%) 946 (85.0%) 168 (87.1%)

Race, n (%)

Asian 74 (6.3%) 18 (9.3%) 53 (4.8%) 46 (25.0%)

Black or African American 106 (9.0%) 1 (0.5%) 72 (6.5%) 4 (2.2%)

White 889 (75.6%) 172 (89.1%) 879 (79.1%) 132 (71.7%)

Body mass index, kg/m2, mean (SD) 27.8 (5.6) 25.5 (5.0) 26.7 (5.5) 25.8 (5.9)

Time since migraine diagnosis, years, mean (SD) 20.2 (12.2) 22.3 (12.7) 21.1 (12.8) 24.6 (14.4)

Number of monthly headache days, mean (SD) 12.2 (2.9) 11.6 (1.9) 21.4 (4.1) 20.9 (4.4)

Number of monthly migraine headache days, mean (SD) 10.8 (2.0) 10.7 (1.9) 19.4 (4.5) 18.7 (4.7)

Number of monthly migraine headache days with acute 
medication use, mean (SD)

8.8 (3.3) 10.3 (3.4) 15.2 (6.4) 16.2 (6.4)

MIDAS total score, mean (SD) 36.6 (30.7) 42.4 (29.9) 67.2 (57.3) 67.2 (57.0)

MSQ- RFR score, mean (SD) 49.5 (15.4) 46.4 (16.4) 38.7 (17.2) 41.2 (18.4)

Number of comorbid conditions, mean (SD) 3.6 (3.6) 3.9 (3.7) 4.3 (3.5) 4.4 (3.6)

Patients with ≥2 prior preventive treatment failures, n (%) 125 (10.6%) 198 (100%) 328 (29.5%) 192 (99.5%)

Note: Differences between treatment groups were not statistically significant except for the following: sex distribution in the HFEM population of 
CONQUER differed between PBO and GMB 120 mg (p = 0.026 per Fisher’s exact test), age in REGAIN differed between PBO and GMB 120 mg 
(p = 0.027 per ANOVA), time since migraine diagnosis (p = 0.046 per ANOVA) and number of monthly migraine headache days with acute medication 
use (p = 0.031 per ANOVA) in REGAIN differed between PBO and GMB 240 mg, greater than or equal to two prior treatment failures in REGAIN 
differed between GMB 120 mg and GMB 240 mg (p = 0.007 per Fisher’s exact test).
Abbreviations: ANOVA, analysis of variance; BMI, body mass index; CM, chronic migraine (≥15 monthly headache days of which ≥8 are migraine 
headache days); GMB, galcanezumab; HFEM, high- frequency episodic migraine (8– 14 monthly migraine headache days and <15 monthly headache 
days); LS, least- squares; MIDAS, Migraine Disability Assessment; MSQ- RFR, Migraine- Specific Quality of Life Questionnaire Role Function- 
Restrictive; N, number of patients in each population; n, number of patients within each specific category; PBO, placebo; SD, standard deviation.
aNumber of patients with HFEM in EVOLVE- 1 and - 2 with available MSQ and MIDAS data were 1166 patients.
bNumber of patients in the HFEM group of CONQUER with available race information was 193 and number of comorbid conditions was available for 147 
patients.
cNumber of patients in REGAIN with available information on race was 1112, BMI was available for 1111, number of comorbid conditions was 
available for 937, and MSQ and MIDAS scores were collected for 1090 patients.
dNumber of patients in the CM group of CONQUER with available race information was 184, BMI was available for 192, and number of comorbid 
conditions was available for 176 patients.
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than or equal to two prior treatment failures, these differences were 
not considered clinically relevant.

Percentage of total patients who experienced 
“wearing off”

Of the 2680 patients, only those who had data for week 2 and week 
4 during months 4 to 6 in EVOLVE- 1 and - 2 and months 2 and 3 in 
REGAIN and CONQUER were included in this analysis, yielding 2409 
patients. The percentage of patients with HFEM or CM who met the 
threshold of “wearing off” was not statistically significantly different 
among the placebo, galcanezumab 120 mg, and galcanezumab 240 mg 
treatment groups (Figure 2, Table S2). In patients with HFEM from 
EVOLVE- 1 and - 2 and CONQUER, 4.3% to 7.0% of patients on placebo 
and 5.0% to 5.8% of patients on galcanezumab met the threshold of 
“wearing off” for 2 months. In patients with CM from REGAIN and 
CONQUER, 3.2% of patients on placebo and 5.4% to 9.0% of patients 
on galcanezumab met the threshold of “wearing off” for 2 months. 
Fewer than 1% of patients with HFEM from EVOLVE- 1 and - 2 met 
the threshold of “wearing off” for 3 months. Although the frequency 

of “wearing off” was numerically greater in the galcanezumab groups 
compared to placebo in patients with CM (REGAIN and CONQUER) 
and patients with HFEM who did not benefit from multiple prior pre-
ventive treatments (CONQUER), these differences were not statisti-
cally significant (Table S2).

Percentage of patients with a clinically meaningful 
response who experienced “wearing off”

Among the 2680 total patients, 903 had a clinically meaningful re-
sponse early in their course of treatment and had data for week 2 
and week 4 in the latter months used in this analysis. A clinically 
meaningful response was defined as a greater than or equal to 50% 
reduction from baseline in monthly migraine headache days across 
months 1 to 3 for EVOLVE- 1 and - 2 and in month 1 for CONQUER 
for patients with HFEM, and a greater than or equal to 30% reduc-
tion from baseline in monthly migraine headache days in month 1 for 
REGAIN and CONQUER for patients with CM. The percentage of pa-
tients with HFEM or CM with a clinically meaningful response who 
met the threshold of “wearing off” was not statistically significantly 

F I G U R E  2  Percentage of total patients who experienced “wearing off”. Percentage of patients with HFEM (A) and CM (B) who had 
“wearing off” for 2 months, and percentage of patients with HFEM who had “wearing off” for 3 months (C). “Wearing off” was defined as 
an increase of greater than or equal to 2 migraine headache days per week from week 2 (8 to 14 days post- treatment) to week 4 (7 days 
prior to next dose) during 2 or 3 months of months 4 to 6 in EVOLVE- 1 and - 2 or in both months 2 and 3 in REGAIN and CONQUER. Two- 
sided Fisher’s exact test was used to compare rates of “wearing off” between treatment groups. The p values were greater than 0.05 for all 
comparisons between treatment groups. Refer to Table S2 for exact p values. CM, chronic migraine (≥15 monthly headache days of which 
≥8 are migraine headache days); GMB, galcanezumab; HFEM, high- frequency episodic migraine (8– 14 monthly migraine headache days and 
<15 monthly headache days); N, number of patients in each subgroup; PBO, placebo
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different among the placebo, galcanezumab 120 mg, and galcane-
zumab 240 mg treatment groups (Figure 3, Table S3).

Of patients with HFEM from EVOLVE- 1 and - 2 and CONQUER, 
11.5% to 24.5% of patients on placebo and 39.2% to 50.0% of pa-
tients on galcanezumab had a clinically meaningful response. Among 
them, 0% to 1.4% of patients on placebo and 0% to 4.0% of patients 
on galcanezumab met the threshold of “wearing off” for 2 months. 
Of patients with CM from REGAIN and CONQUER, 20.4% to 23.7% 
of patients on placebo and 41.4% to 51.6% of patients on galcane-
zumab had a clinically meaningful response. Among them, 0% to 
2.3% of patients on placebo and 5.2% to 8.2% of patients on galca-
nezumab met the threshold of “wearing off” for 2 months. Although 
the frequency of “wearing off” was numerically greater in the galca-
nezumab groups compared to placebo, these differences were not 
statistically significant (Table S3).

DISCUSSION

The question of whether “wearing off” of efficacy takes place at 
the end of a dosing interval was addressed using patient- level data 
from post hoc analyses of four phase III galcanezumab clinical 
trials. There are anecdotal reports of “wearing off” in the litera-
ture with CGRP mAbs,7– 9 but this term has not been well- defined. 
Based on input from headache experts, a threshold was set for 
“wearing off”, which consisted of an increase of greater than or 
equal to 2 migraine headache days per week from week 2 to week 

4 in a treatment month among patients with HFEM and CM. The 
results showed that a small percentage of patients (≤7.0% on pla-
cebo and ≤9.0% on galcanezumab) met the threshold of “wearing 
off” for 2 months and fewer than 1% of patients met the threshold 
for 3 months. These numbers were similar in patients who had 
a clinically meaningful response to treatment in earlier months. 
Interestingly, the frequency of “wearing off” was not statistically 
significantly different between the placebo and galcanezumab 
treatment groups.

The similar rates of “wearing off” among placebo, galcanezumab 
120 mg, and galcanezumab 240 mg treatment groups suggest that 
this observed decrease in effectiveness is likely not based on phar-
macokinetics. Galcanezumab has a half- life of 27 days2 and a binding 
affinity (KD) of 31 pM.24 The KD is calculated by dividing the disso-
ciation rate (koff) by the association rate (kon). Galcanezumab has a 
koff of 2.2 × 10−4 s−1 and a kon of 7.4 × 106 M−1 s−1 yielding a low KD 
of 31 pM, which is indicative of a high affinity and specificity to the 
CGRP ligand.24 Thus, the fast association rate allows galcanezumab 
to bind CGRP before it can bind to the receptor, the slow dissocia-
tion rate ensures that CGRP is not released, and the long half- life 
allows for a long duration of effect with a single dose.24

The observed “wearing off” may be attributable to a variety 
of reasons. Patients may anticipate or pay more attention to their 
migraine headache days prior to receiving their next injection or 
visiting their clinician, resulting in higher levels of reporting during 
this time. Previous chart reviews and observational studies indi-
cate that reports of “wearing off” with CGRP mAbs were higher 

F I G U R E  3  Percentage of patients with a clinically meaningful response who experienced “wearing off”. 1A clinically meaningful response 
was defined as patients with HFEM who had a ≥50% reduction from baseline in monthly migraine headache days across months 1 to 3 in 
EVOLVE- 1 and - 2 and in month 1 in CONQUER, and patients with CM who had a greater than or equal to 30% reduction from baseline 
in monthly migraine headache days in month 1 in REGAIN and CONQUER. 2“Wearing off” was defined as an increase of greater than or 
equal to 2 migraine headache days per week from week 2 (8 to 14 days post- treatment) to week 4 (7 days prior to next dose) during 2 or 
3 months of months 4 to 6 in EVOLVE- 1 and - 2 or in both months 2 and 3 in REGAIN and CONQUER. Two- sided Fisher’s exact test was used 
to compare rates of “wearing off” between treatment groups. The p values were greater than 0.05 for all comparisons between treatment 
groups. Refer to Table S3 for exact p values. CM, chronic migraine (≥15 monthly headache days of which ≥8 are migraine headache days); 
GMB, galcanezumab; HFEM, high- frequency episodic migraine (8– 14 monthly migraine headache days and <15 monthly headache days);  
N, number of patients in each subgroup; PBO, placebo
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if patients were queried about it.7– 9 Clinicians may also counsel 
their patients on the possibility of “wearing off”, which could in-
fluence patients’ expectations and reporting of this occurrence.14 
This anticipation of a negative outcome is known as the ‘nocebo’ 
effect. It is also natural for migraine headache day frequency to 
vary throughout the course of a month,16 which could contribute 
to the appearance of “wearing off” in some patients. There may 
be patients who are more likely to experience a decrease in ef-
ficacy toward the end of their dosing interval. In fact, the results 
of these post hoc analyses showed that “wearing off” was more 
common in patients with CM from the CONQUER trial, which en-
rolled patients who previously did not benefit from two to four 
migraine preventive medication categories. This subgroup had the 
largest numerical difference in “wearing off” rates between galca-
nezumab and placebo treatment groups (although not statistically 
significant), suggesting that patients with CM who have not ben-
efited from prior preventive treatments may be more susceptible 
to “wearing off”.

Further, “wearing off” may be more common in the real- world 
setting compared to clinical trials due to lower rates of medication 
adherence.25 In the galcanezumab clinical trials, patients were en-
couraged to take their next dose 28 to 32 days after their prior dose. 
In the real- world, patients may not follow the dosing instructions 
and wait longer than 1 month before filling their next dose. In an IBM 
Marketscan administrative claims study, wherein 7630 patients with 
commercial insurance and at least two galcanezumab claims were 
followed for 6 months post- initiation of galcanezumab, 73.6% of pa-
tients had no gap in treatment between their first and second galca-
nezumab claims, 9.0% had 1 to 7 gap days, 4.4% had 8 to 14 gap days, 
6.7% had 15 to 30 gap days, and 6.3% had greater than 30 gap days 
(data on file). This extended time between doses could contribute to 
higher reports of “wearing off” in clinical practice.

Strategies to mitigate or prevent “wearing off” remain uncertain. 
Increasing the dose or frequency of treatment, as in the case with 
onabotulinumtoxinA or erenumab, have been reported with some 
success.8,11,14,26 An individual patient who experiences “wearing off” 
on galcanezumab 120 mg may or may not experience “wearing off” 
with a higher dose. The clinical trial design prohibited this evaluation 
because patients remained on their assigned dose of galcanezumab 
during the double- blind treatment period. Further, galcanezumab 
240 mg monthly is not an approved dose. However, the lack of dif-
ference in rates of “wearing off” between the galcanezumab 120 and 
240 mg groups suggests that, on average, patients on higher doses 
do not have lower rates of “wearing off”. Another potential approach 
to counter “wearing off” is to use additional acute treatments toward 
the end of the dosing interval.12,13 Further, encouraging patients to 
take their next dose of CGRP mAb within 30 days of the previous 
dose may also help diminish the likelihood of “wearing off”.

Several limitations of the post hoc analyses should be considered. 
Patients with LFEM (4 to 7 monthly migraine headache days) were 
not included because the group of queried headache experts re-
ported “wearing off” to be rare in this subgroup as it is likely difficult 
to perceive at such a low frequency. The duration of the CONQUER 

and REGAIN double- blind treatment periods was 3 months, so it is 
unclear what the rate of “wearing off” would be with long- term use of 
galcanezumab. Because this analysis required patients to complete 
3 months of treatment in REGAIN and CONQUER, and 6 months of 
treatment in EVOLVE- 1 and - 2, this could introduce bias, as patients 
who completed the trial may be those who experienced better effi-
cacy and less “wearing off”, although greater than or equal to 81% 
of patients completed the double- blind treatment periods of these 
trials.3– 6 Additionally, this post hoc analysis may not be sufficiently 
powered to detect statistically significant differences, so lack of sta-
tistical significance does not necessarily indicate lack of a clinically 
meaningful difference. Missing data may also limit full interpretation 
of the results and inferences made. The number of patients enrolled 
in CONQUER was low, thus making it difficult to interpret the low 
rate of “wearing off” in patients with HFEM with a clinically mean-
ingful response in that study. Further, the threshold of “wearing 
off” was defined by a panel of 40 headache experts based on clin-
ically meaningful differences and supported using statistical mea-
sures, such as coefficient of variation, but its reliability has not been 
verified. This definition only incorporated frequency of migraine 
headache days but not severity or attack duration. Regardless, the 
analyses reported here are the first to examine a decrease in effi-
cacy toward the end of a dosing interval at the individual patient- 
level rather than the population- level, using data from more than 
2500 phase III clinical trial patients, thereby providing new insights 
into the issue of “wearing off” of efficacy of CGRP mAbs.

CONCLUSIONS

Consistent with previous population- level analyses that showed 
no evidence of decreased efficacy of galcanezumab at the end of 
a treatment cycle, rates of individual patients meeting a predefined 
threshold of “wearing off” in this analysis were low and similar 
among placebo, galcanezumab 120 mg, and galcanezumab 240 mg 
treatment groups.
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ples that have their origin in the Declaration of Helsinki guidelines. 
All patients provided written informed consent before study par-
ticipation. The study protocols were reviewed and approved by the 
institutional review board, medical ethics committee, or medical re-
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