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ABSTRACT

Introduction: Self-injectable calcitonin gene-
related peptide (CGRP) monoclonal antibody
(mAb) auto-injectors and non-CGRP oral med-
ications are currently available for migraine
prevention in Japan. This study elicited the
preferences for self-injectable CGRP mAbs and
non-CGRP oral medications and determined
differences in the relative importance of auto-
injector attributes for patients and physicians in

Japan.
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Methods: Japanese adults with episodic (EM) or
chronic (CM) migraine and physicians who
treat migraine completed an online discrete
choice experiment (DCE), asking participants to
choose a hypothetical treatment they preferred
between two self-injectable CGRP mAb auto-
injectors and a non-CGRP oral medication. The
treatments were described by seven treatment
attributes, with attribute levels varying between
questions. DCE data were analyzed using a
random-constant logit model to estimate rela-
tive attribution importance (RAI) scores and
predicted choice probabilities (PCP) of CGRP
mAD profiles.
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Results: A total of 601 patients (79.2% with
EM, 60.1% female, mean age: 40.3 years) and
219 physicians (mean length of practice:
18.3 years) completed the DCE. About half
(50.5%) of patients favored CGRP mAb auto-
injectors, while others were skeptical of (20.2%)
or averse (29.3%) to them. Patients most valued
needle removal (RAI = 33.8%), shorter injection
duration (RAI = 32.1%), and auto-injector base
shape and need for skin pinching
(RAI = 23.2%). Most physicians (87.8%) favored
auto-injectors over non-CGRP oral medications.
Physicians most valued less-frequent dosing
RAI =32.7%), shorter injection duration
(30.4%), and longer storage outside the fridge
(RAI =20.3%). A profile comparable to gal-
canezumab showed a higher likelihood of being
chosen by patients (PCP = 42.8%) than profiles
comparable to erenumab (PCP = 28.4%) and
fremanezumab (PCP = 28.8%). The PCPs of the
three profiles were similar among physicians.
Conclusion: Many patients and physicians
preferred CGRP mAb auto-injectors over non-
CGRP oral medications and preferred a treat-
ment profile similar to galcanezumab. Our
results may encourage physicians in Japan to
consider patient preferences when recom-
mending migraine preventive treatments.

Keywords: CGRP  monoclonal antibody;
Discrete choice experiment; Migraine
prevention; Patient and physician preferences

Why carry out this study?

The increased number of treatment
options for patients with migraine means
that physicians and their patients are
faced with a wider assortment of
treatment attributes to consider.
Preference studies are useful for weighting
different treatment attributes and finding
key drivers of preferences for treatments of
interest.

Patient and physician preferences for
migraine treatments can differ, so
physicians should be encouraged to take
into account patients’ preferences when
recommending treatments.

This study elicited the preferences of
Japanese patients with migraine and
physicians who treat migraine to
determine how they valued treatment
attributes of self-injectable calcitonin
gene-related peptide (CGRP) monoclonal
antibodies (mAbs) and non-CGRP oral
medications.

What was learned from the study?

Many patients and physicians in Japan
would prefer self-injectable CGRP mAb
auto-injectors to non-CGRP oral
medications if the treatments were to
have a similar efficacy in reducing
migraine headache days.

In considering CGRP mAb auto-injectors
for migraine prevention, patients most
valued needle removal, shorter injection
duration, and auto-injector base shape
and need for skin pinching, whereas
physicians most valued less-frequent
dosing, shorter injection duration, and
longer storage outside the fridge.
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INTRODUCTION

Migraine is one of the leading causes of dis-
ability worldwide, and most commonly affects
women of reproductive age [1]. The global
prevalence of migraine is estimated to be
approximately 14% [2]. In Japan, the estimated
prevalence is slightly lower, at approximately
9% [3]. However, the burden of migraine in
Japan is substantial, even in patients with fewer
than four headache days per month [4].

People who experience more than four
migraine attacks per month or eight or more
headache days per month are recommended to
use preventive treatment [5]. However, many
people in Japan who are eligible for preventive
treatment for migraine do not receive it [3, 6],
due to lack of efficacy [6] and adverse effects,
including weight gain, depression, memory
impairment, and disturbance in attention [7].
A Japanese survey found that only 57% of
respondents sought care for migraine [3].
Unlike most traditional non-calcitonin gene-
related peptide (CGRP) oral medications that
were not developed specifically to prevent
migraine, self-injectable monoclonal antibodies
(mAbs) that bind to CGRP (galcanezumab, fre-
manezumab) or the CGRP receptor (erenumab)
have emerged as effective alternatives for
migraine prevention for people in whom tradi-
tional non-CGRP oral medications have failed
[8]. Several injectable CGRP mAbs were
approved for migraine prevention in Japan in
2021, including erenumab, galcanezumab, and
fremanezumab [9-11]. These three CGRP mAbs
have not been compared in head-to-head clini-
cal studies [12]; however, there are differences
in dosing frequency, injection duration, and
characteristics of the injection devices that are
used to administer them.

The increased number of treatment options
means that physicians and patients are faced
with a wider assortment of treatment attributes
to consider. Treatment selection requires
weighting of these attributes, which include
traditional clinical measures and also aspects of
drug delivery [13]. While little is known about
key drivers of patient preferences for preventive
treatments for migraine, a recent preference

study conducted in the US, the UK, and Ger-
many found that patients generally valued
injection duration, needle removal mechanism,
auto-injector base shape and need for skin
pinching, and storage requirements, and pre-
ferred self-injectable CGRP mAbs over non-
CGRP oral medications [14].

Treatment decisions are often driven by
physicians’ preferences [15]. Identifying and
acknowledging differences in preferences
between physicians and patients may increase
transparency in treatment recommendations
for individual patients [16]. Incorporating
patient preferences into treatment decisions is
important because patient participation in
decision-making can increase treatment com-
pliance, leading to better clinical outcomes
[17, 18]. Few studies in Japan have analyzed
patients’ involvement in treatment decisions.
However, recent studies reported an increased
tendency of Japanese patients to participate in
treatment decisions for rheumatoid arthritis,
inflammatory bowel disease, and prostate can-
cer [19-21].

The preferences of Japanese patients and
physicians for devices for self-injecting CGRP
mADbs to treat migraine are unknown. We aimed
to elicit the preferences of Japanese migraine
patients and physicians who treat migraine for
different attributes of self-injectable CGRP
mAbs for migraine prevention.

METHODS

Study Design

The study was conducted in Japan using a dis-
crete choice experiment (DCE). DCEs can be
used to quantify the trade-offs people are will-
ing to make between the various attributes of
real or hypothetical treatments [22, 23]. In a
DCE, participants choose between experimen-
tally designed treatment profiles. The choices
implicitly reveal how much value participants
place on certain attributes and how much of
one attribute they would give up to improve
another attribute. Following best-practice rec-
ommendations for preference study design
[23-26], the study used a mixed-methods
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approach to develop and test the DCE instru-
ment. This included a non-systematic targeted
literature review and focus group interviews for
instrument development and qualitative and
quantitative pilots for instrument testing.

The attributes and levels included in the DCE
were initially identified through a targeted lit-
erature review, and were explored in nine in-
person focus groups conducted in the US, the
UK, and Germany (three per country) between
October and November 2019 [27]. During the
focus groups, participants handled and simu-
lated self-injection using five unbranded, deac-
tivated injection devices, and were asked about
which device characteristics were important to
them and why those characteristics were
important. By way of open discussions and
interactive ranking of treatment aspects, the
focus groups also captured participants’ per-
spectives on efficacy and safety. The device
characteristics found to be relevant to patients
in the focus groups informed the development
of the attributes for the DCE. Levels of the
device attributes were constructed based on
information from US FDA package inserts
[28-31] and European Medicines Agency sum-
maries of product characteristics [32-34].

The DCE was developed in English and pilot-
tested in the US, UK, and Germany, before
being translated into Japanese.

The Japanese DCE survey was pilot-tested
qualitatively through telephone interviews with
people with episodic migraine and physicians,
to confirm the translation of survey materials
and to ensure that the attributes and levels were
relevant and understandable. Participants com-
pleted the DCE survey online during the inter-
view, and their feedback necessitated a minor
revision to the survey. Following the qualitative
pilot, a quantitative pilot was performed in
people with migraine and physicians, to pro-
vide insight into preferences and to analyze
data quality. Data from the quantitative pilot
were pooled from the main DCE survey.

Preference Survey

The full web-based survey was fielded between
November 2021 and January 2022 for patients

and physicians. Participants were shown a
4-min video (Supplementary Material), which
introduced the attributes and levels in the DCE
and explained how to complete the choice
questions. Participants answered a practice
choice question and then completed 12 exper-
imental DCE choice questions, which were
generated with Ngene v.1.2.1 (ChoiceMetrics,
Sydney, Australia). The DCE choice questions
asked participants to select between three
hypothetical  preventive  treatments  for
migraine with different attribute levels: two
CGRP mAbs administered using auto-injectors
and a daily oral medication. Participants were
advised to assume that the treatments were
equally effective at reducing migraines. The
DCE included the following experimental
treatment attributes characterizing self-in-
jectable CGRP mAbs: dosing schedule, storage
requirements, device base and need for skin
pinching, type of injection steps, injection
duration, method of needle removal, and
means of dose confirmation (Table1). The
choice questions also included adverse events
associated with self-injectable CGRP mAbs and
non-CGRP oral medications to make the choice
questions more realistic, but were included as a
non-experimental attribute with fixed levels.
The variations in the DCE choice questions
allowed participants to weigh the pros and cons
of the treatments, allowing for trade-offs to be
made each time a treatment option was chosen.
These trade-offs allowed for marginal utilities
(Supplementary Material) to be calculated. The
DCE choice questions were followed by two
non-experimental choice questions that tested
the internal validity of participants’ responses.
Participant consistency was tested by repeating
the practice question (stability test). Addition-
ally, a direct elicitation question asked partici-
pants to choose between four options (a
prefilled syringe and three different auto-injec-
tors). The four treatment options in the direct
elicitation question were based on device attri-
butes describing erenumab, galcanezumab, fre-
manezumab once a month, and fremanezumab
every 3 months. Additional survey questions
tested participants on their health literacy and
numeracy [35-38], and collected sociodemo-
graphic information and information about
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Table 1 Attributes and levels used in the DCE

Attributes Levels for the self-injectable treatment
options”
Dosing Dailyb
schedule Once a month, one injection
Once every 3 months, three injections
Storage None®
requirements  oyyegide the fridge for up to 14 days
Outside the fridge for up to 7 days
Outside the fridge for up to 1 day
Base and Wide base, no pinching
pinching

Injection steps

Narrow base, no pinching

Narrow base, pinching

Press down firmly into the skin to inject

Twist to unlock and press the button to
inject

Press down firmly into the skin to unlock

and press the button to inject

Injection 5s
duration 10's
20s
30s
Needle Auto-retract
removal Pull-out
Dose 360-degree view and “click” after dose
confirmation  completion

Thin window and “click” before dose

completion

*Descriptions of common adverse events were also inclu-
ded in each choice task as fixed non-experimental attri-
butes: (1) Auto-injectors—10 out of 100 (10%) experience
rash, swelling, and itchiness around injection site, and (2)
non-CGRP oral medications—5 out of 100 (5%) experi-
ence thinking and memory problems, stomach discomfort,
and weight changes

®The levels for the non-CGRP oral medication option
were daily dosing, no storage requirements, and adminis-
tration by swallowing as a pill with water

migraine experience, including the Migraine
Disability Assessment (MIDAS) [39]. Physicians
answered questions about their experience of
treating migraine, their satisfaction with avail-
able preventive treatments for migraine, and
areas for improving migraine prevention. For
patients and physicians, the time taken to
complete the survey was recorded. More details
of the DCE survey are given in Table S1. An
example English-language DCE choice question
is shown in Fig. 1.

Ethics

The study was performed in accordance with
International Council for Harmonization Good
Clinical Practice, best practices for preference-
based outcomes research [23, 40], and the dec-
laration of Helsinki. Initial ethics committee
approval of the study by the Japanese Research
Institute of Healthcare Data Science Review
Services (study number RI2020021) was
received on March 8, 2020. Online informed
consent was obtained for each participant. Fol-
lowing modifications to the survey after the
qualitative pilot interviews, the Japanese
Research Institute of Healthcare Data Science
Review Services approved the final survey on
August 2, 2021.

Study Participants

Participants were residents of Japan who could
read and understand Japanese. Patients were
recruited from online panels and physicians
were recruited from physician online panels.
Patients were adults aged > 20 years with
self-reported migraine (as diagnosed by a
physician), who had experienced an average of
at least four migraine headache days per month
over the previous 3 months, and who had
headache of at least moderate severity based on
the Migraine Symptom Severity Score [41]. They
were currently using or had used a prescribed
preventive treatment for migraine in the previ-
ous S years. Patients with >4 and <15 head-
ache days per month for>3 months were
considered to have episodic migraine, and those
with > 15  headache days per month
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Orol mediation Autoinector &

L]
LS
Dosing schedule Daily
Storage requirements None

Base and pinching

Injection steps

Injection duration Swallow pill with water

Needle removal

Dose confirmation

5 out of 100 (5%):
thinking and memory

Side effects problems, stomach
discomfort and weight change

Fig. 1 Example patient DCE choice question

for > 3 months were considered to have chronic
migraine. Physicians were neurologists, neuro-
surgeons, and internists who had been in prac-
tice for > 3 years, had treated > 10 patients for
migraine within the previous 3 months, and
had prescribed at least one preventive treatment
for migraine within the previous 3 months.

Statistics

Statistical analyses were performed using R
software v.4.0.2, using data from all participants
who completed the survey. Statistical tests were
two-sided, with a 0.05 significance level. There
were no adjustments for multiple comparisons.

Participant choices were considered to be
dominant when they were driven by only one
attribute in all 12 experimental choice tasks.

Data from the DCE survey were analyzed
using a random-constant logit model estimated
within a random utility maximization frame-
work (Supplementary Material) [42-45].

Relative attribute importance (RAI) was cal-
culated to measure the percentage contribution
of an attribute to preferences relative to all
other attributes and their levels (Supplementary
Material). RAI values were compared between
patients and physicians using independent two-
tailed z tests.

into the skin to unlock and

rash, swelling and itchiness

O O
Once every month Once every 3 months
One injection Three injections
Outside of fridge Outside of fridge
up to 1 day up to 7 days
Narrow base, Wide base,

pinching no pinching

Press down firmly Twist to unlock and

press the button to inject poss s Dedion o ingsct

5 seconds 10 seconds

Pull-out Auto-retract

Thin window and 'Click’
before dose completion

360-degree view and 'Click'
after dose completion

10 out of 100 (10%): 10 out of 100 (10%):

rash, swelling and itchiness

around injection site around injection site

@)

To understand relative treatment prefer-
ences, predicted choice probabilities (PCPs)
were computed in a competitive setting that
assumed respondents could choose among the
treatment profiles of auto-injectable erenumab,
galcanezumab, and fremanezumab (every
3 months or every month) [46-48]. The PCPs
were calculated using a two-step process. First,
the marginal utilities (Supplementary Material)
were calculated, which were based on the par-
ticipants’ preferred treatment choices in the
DCE. The marginal utilities were then used to
predict and calculate the probability of a par-
ticipant choosing one of the treatment profiles.
Each of the treatment profiles were character-
ized by attribute levels based on the corre-
sponding FDA label. Subgroup-specific RAI
scores were obtained based on fear of needles,
experience with self-injectables, and number of
migraine headache days.

RESULTS

Participants

Of the approximately 400,000 patients and
2,100 physicians invited to participate, 1,382
patients and 233 physicians were eligible
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Invited
(Approx. 400,000)

Did not respond (n=268,505)

Responded
(n=131,495)
Did not consent for screening (n=4,266)
‘Was not a Japanese resident (n=419)
Was not > 20 years (n=365)
Did not have a migraine?* (n=84,579)
> Did not have CM or EMP® (n=20.290)

Did not have qualifying MSSS¢(n=348)
l Did not use a qualifying treatment? (n=5,820)

Accessed survey after it was closed (n=1,719)
Did not complete screener (n=12,307)

Eligible
(n=1.382)

l—.

Consented
(n=700)

Did not consent (n=682)

Did not complete (n=99)

Completed
(n=601)

Fig. 2 Patient (/gf) and physician (righz) disposi-
tion*Respondent reported <4 migraine headache days
per month on average for the last 3 monthsRespondent
did not have chronic migraine (CM) or episodic migraine
(EM), based on number of headache days; patients
with >4 and <15
for > 3 months were considered to have episodic migraine
and those with > 15 headache days per month

month

headache  days  per

(Fig. 2). The DCE survey was completed by 601
patients and 219 physicians.

Patient Characteristics

Of the 601 patients, 476 (79.2%) had episodic
migraine (EM) and 125 (20.8%) had chronic
migraine (CM). The mean [standard deviation
(SD)] age of patients in the main DCE was 40.3
(11.7) years, and 361 (60.1%) were female
(Table 2). Most patients were employed (81.5%)
and had at least some college education
(73.9%). Overall, over two-thirds of patients
(68.9%) had moderate to very severe disability
(grade III or higher on the MIDAS). The mean
(SD) time since diagnosis of migraine was 16.5
(11.8) years. Most patients (73.7%) had used > 2
preventive treatments for migraine in the pre-
vious Syears, and commonly used preventive
treatments included antidepressants (67.6%),

Invited
(Approx. 2,100)

Did not respond (n=1,809)
Responded
(n=316) Did not consent for screening (n=1)
Did not complete screener (n=18)
Did not have a qualifying medical specialty®
(n=11)
Practiced in qualifying specialty for <3 years
(n=2)
Treated <10 patients in the last 3 months
(n=20)
Did not prescribe qualifying treatment in the
last 3 months? (n=4)
Accessed survey after it was closed (n=27)
Eligible
(n=233)
i—’ Did not consent (n=8)
Consented
(n=225)
Did not complete (n=6)

Completed
(n=219)

for >3 months were considered to have chronic
migraine’Respondent did not have headache of at least
moderate severity, as evaluated by the Migraine Symptom
Severity ScorePreventive treatments for migraine that are
available in Japan (e.g, valproate, topiramate, atenolol,
nortriptyline)Did not report > 3 years of practice in one
of the following medical specialties: neurology, neuro-
surgery, internal medicine

anti-epileptics (35.4%), and antihypertensives
(34.8%). Most patients (80.9%) had not used
self-injectables, and 38.8% of patients were very
or extremely afraid of needles. Sociodemo-
graphics and clinical characteristics were gen-
erally similar between patients with episodic
and chronic migraine, except for MIDAS score
[mean (SD) 19.8 (18.0) vs. 43.1 (45.9)], which
was worse in patients with chronic versus epi-
sodic migraine, and the number of preventive
treatments used for migraine in the past 5 years
[mean (SD) 2.8 (2.1) vs. 4.8 (6.1)].

Physician Characteristics

Physicians had been in clinical practice for a
mean (SD) of 18.3 (5.3) years and most (74.4%)
had treated > 30 patients for migraine in the
previous 3 months (Table 3). The treatments
they had most frequently prescribed were anti-
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Table 2 Patient characteristics

Total Episodic migraine Chronic migraine
(n=601) (n =476, 79.2%) (n = 125, 20.8%)
Age (years), mean (SD) 403 (11.7) 40.0 (11.7) 415 (11.6)
Sex: female, n (%) 361 (60.1) 281 (59.0) 80 (64.0)
Employment status®, 7 (%)
Employed” 490 (81.5) 390 (81.9) 100 (80.0)
Not working® 111 (185) 86 (18.1) 25 (20.0)
Education, 7 (%)

High school o less 151 (25.1) 110 (23.1) 41 (32.8)
At least some college 444 (73.9) 361 (75.8) 83 (66.4)
MIDAS total score, mean (SD) 246 (279) 19.8 (18.0) 43.1 (45.9)

MIDAS category, 2 (%)
Grade I: little or no disability (0-5) 97 (16.1) 84 (17.6) 13 (10.4)
Grade II: mild disability (6-10) 90 (15.0) 82 (17.2) 8 (64)
Grade III: moderate disability (11-20) 158 (26.3) 141 (29.6) 17 (13.6)
Grade IV: severe disability (21-40) 158 (263) 114 (23.9) 44 (35.2)
Grade V: very severe disability (41+) 98 (163) 55 (11.6) 43 (34.4)
Years since diagnosis of migraine, mean (SD) 165 (11.8) 165 (11.8) 162 (11.8)
Headache days per month (previous 3 months), mean 107 (7.3) 74 (27) 23.1 (6.2)
(SD)
Preventive treatments for migraine in the past S years®, # (%)
Anti-epileptics® 213 (35.4) 160 (33.6) 53 (42.4)
Antidepressants® 406 (67.6) 317 (66.6) 89 (71.2)
Antihypertensive’ 209 (34.8) 160 (33.6) 49 (39.2)
Number of preventive treatments ever prescribed for migraine in the past 5 years, 7 (%)
1 158 (26.3) 130 (27.3) 28 (22.4)
2 180 (30.0) 152 (31.9) 28 (22.4)
3 99 (165) 79 (16.6) 20 (16.0)
>4 164 (27.3) 115 (24.2) 49 (39.2)
Number of preventive treatments for migraine in the 32 (34) 2.8 (2.1) 4.8 (6.1)
previous 5 years, mean (SD)
Number of preventive treatments currently being used 1.8 (2.6) 14 (12) 3.1 (5.0)
for migraine, mean (SD)
Experience with self-injectables®, 7 (%)
None 486 (80.9) 384 (80.7) 102 (81.6)
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Table 2 continued

Total Episodic migraine  Chronic migraine
(n=601) (n=476,792%)  (n= 125, 20.8%)
Yes, current/past 115 (19.1) 92 (19.3) 23 (18.4)
Fear of needles, 7 (%)
Not at all/a little/moderately 368 (61.2) 292 (61.3) 76 (60.8)
Very/extremely 233 (38.8) 184 (38.7) 49 (39.2)

CM chronic migraine, EM episodic migraine, IQR interquartile range, MIDAS Migraine Disability Assessment, SD standard
deviation

“Response options were not mutually exclusive

PFor the full sample, this includes full-time (7 = 369), part-time (z = 69), and self-employed (n = 52); for EM, this
includes full-time (7 = 296), part-time (» = 51), and self-employed (7 = 43); for CM, this includes full-time (7 = 73),
part-time (7 = 18), and self-employed (» =9)

“For the full sample, this includes homemaker (z = 41), student (7 = 18), unemployed (= = 18), retired (z = 6), on sick
leave (7 = 12), maternity/paternity leave (» = 4), and unable to work due to disability (= = 12); for EM, this includes
homemaker (z = 37), student (z = 14), unemployed (7 = 12), retired (z = 4), on sick leave (» = 6), maternity/paternity
leave (7 = 4), and unable to work due to disability (» = 9); for CM, this includes homemaker (» = 4), student (» = 4),

unemployed (7 = 6), retired (7 = 2), on sick leave (z = 6), and unable to work due to disability (» = 3)

Antiepileptics: valproate, topiramate, gabapentin, levetiracetam, carbamazepine

“Antidepressants: amitriptyline, nortriptyline, venlafaxine, clomipramine, mianserin, fluvoxamine, imipramine, sulpiride,

paroxetine, trazodone

fAntihypertensives: atenolol, metoprolol, propranolol, nadolol, verapamil, lisinopril, candesartan, lomerizine, diltiazem,

nicardipine
$Ready-to-use syringe or auto-injector

epileptics (95.9%), antidepressants (71.2%), and
antihypertensives (70.3%). Two-fifths (40.6%)
of physicians were slightly or very unsatisfied
with currently available preventive treatments
for migraine. About a third of physicians
(31.5%) stated they could not see a place for
subcutaneous self-injectable treatments, while
another third (36.1%) said they would consider
subcutaneous self-injectable treatments but
only under certain circumstances. The remain-
ing physicians (32.4%) stated they were excited
about the prospect of subcutaneous self-in-
jectable treatments and could see a place for
them. When asked to rate possible areas for
improving treatment of migraine prevention on
a scale from 1 (no improvement needed) to 6
(significant improvement needed), physicians
rated pill burden for patients [mean (SD) 4.7
(0.86)] and treatment effectiveness [mean (SD)
4.9 (0.93)] as areas requiring improvement.

Choice Data Validity

About half the patients (54.1%) did not show
dominant preferences towards any single attri-
bute, but some made choices predominantly
based on needle removal (17.6%), auto-injector
base shape and need for skin pinching (9.7%),
injection duration (9.5%), storage requirements
(5.7%), or dose confirmation (3.5%) (Table S2).
Nearly half of physicians (43.4%) did not show
dominant attribute preferences, but some made
choices predominantly based on needle
removal (16.4%), injection duration (12.8%),
storage requirements (11.4%), dose confirma-
tion (8.2%), or auto-injector base shape and
need for skin pinching (7.8%). While 43.9% of
patients never chose oral medication, 23.1%
always chose oral medication. Most physicians
(78.5%) never chose oral medication, while
only 5.0% always chose oral medication. Most
patients (73.0%) and physicians (74.9%)
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Table 3 Physician characteristics

Physicians
(n = 219)
Age (years), mean (SD) 472 (6.1)
Work facility, 7 (%)
Clinic/other hospital 83 (37.9)
Public/university hospital 136 (62.1)
Specialty, » (%)
Internal medicine 111 (50.7)
Neurology 94 (42.9)
Neurosurgery 14 (6.4)
Years in practice, mean (SD) 183 (5.3)
Years treating migraine patients, 16.7 (5.0)

mean (SD)

Migraine patients treated (previous 3 months), 7 (%)

10-29 56 (25.6)
30-49 73 (33.3)
> 50 90 (41.1)

Preventive treatments for migraine prescribed (previous

3 months), 7 (%)

Anti-epileptics® 210 (95.9)
Antidepressantsb 156 (71.2)
Antihypertensives® 154 (70.3)

Satisfaction with currently available migraine

preventive treatments, 7 (%)

Very/slightly unsatisfied or 89 (40.6)
indifferent
Slightly/very satisfied 130 (59.4)

SD standard deviation

*Antiepileptics: valproate, topiramate, gabapentin, leve-
tiracetam, carbamazepine

bAntidepressants: amitriptyline, nortriptyline, venlafaxine,
clomipramine, mianserin, fluvoxamine, imipramine, sul-
piride, paroxetine, trazodone

“Antihypertensives: atenolol, metoprolol, propranolol,
nadolol, verapamil, lisinopril, candesartan, lomerizine, dil-
tiazem, nicardipine

showed choice stability (i.e., gave consistent
answers to the repeated choice question;
p=0.66, Chi-square test). Overall, 59.7% of
patients had adequate health literacy and 91.7%
had adequate numeracy. No patients or physi-
cians took < 5 min to complete the survey, and
about half (49.3%) of physicians and 21.0% of
patients took > 30 min to complete the survey.

Preferences for Treatment Attributes

The estimated model for patients was able to
explain the choices they made (adjusted
McFadden R? = 34.9%) and identified three opt-
in behaviors among patients (Table S3): “Auto-
injector supporters”, who tended to choose
auto-injectors (50.5%); “Auto-injector skeptics”,
who only chose auto-injectors that included
many desirable attribute levels (20.2%); and
“Auto-injector opponents”, who tended to
choose oral medications (29.3%). Overall,
patients preferred the auto-retract feature to
manual pull-out (p <0.001) (Table S3). Patients
would rather have an injection time of 10s
(»<0.05) or 5s (p<0.001) than an injection
time of 30s. Patients also preferred a narrow
base with no pinching (p <0.01) and a wide
base with no pinching (p <0.001) compared to
a narrow base with pinching. Patients’ prefer-
ences for auto-injectors were driven by needle
removal (RAI =33.8%), injection duration
(RAI =32.1%), and auto-injector base shape
and need for skin pinching (RAI =23.2%)
(Fig. 3).

Patients’ characteristics affected their prefer-
ences. While the overall importance of needle
removal did not differ by the level of fear of
needles (p > 0.05) (Fig. S1), patients with expe-
rience of self-injectables valued needle removal
more than those with no experience of self-in-
jectables (RAI=34.3% vs. 16.4%, p<0.05)
(Fig. S2). Patients with 1-9 migraine headache
days per month valued injection duration sig-
nificantly less (RAI = 6.5%, p < 0.05) than those
with 10-19 migraine headache days per month
(RAI = 30.4%) or > 20 migraine headache days
per month (RAI =27.1%) (Fig. S3). No signifi-
cant differences in preferences were observed
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Patient n=601 (73.3%)
Physician n=219 (26.7%)

33.8[22.0-37.7]

Needle removal 7201.0412.2]

32.1[18.8-38.8]

Injection duration 304 [19.0-37.3]

23.2[12.4-29.5)

Base and pinching 27111124

5.1[15-15.5]

Injection steps 49[1.1-135]

2.9[1.4-14.1]

Storage requirements 20.3[12.3-26.9)

2.1[0.2-95)

Dose confirmation 18[0.4-7.7]

07[0.1-9.1]

Dosing schedule 32.7 [23.9-37.4]

I%RAI=ZS.6 (P<0.001)
Airw:w 6(P=0812)
AiRAI=20.6 (P<0.001)
AiRA!=0.2 (P=0.970)
éRAI=17.3 (P<0.001)
AiRA!:O 3 (P=0.925)

ARAI=32.0 (P<0.001)

W

40

RAI (95% Cl)

Fig. 3 Relative attribute importance (RAI). Values to the left of the bar graph indicate RAI (95% confidence interval [CI])

for dosing schedule, storage requirements,
injection steps, or dose confirmation.

The estimated model for physicians was able
to explain the choices they made (adjusted
McFadden R? = 32.4%) and identified two opt-
in behaviors among physicians (Table S4):
“Auto-injector supporters”, who tended to
choose auto-injectors (87.8%); and “Auto-in-
jector opponents”, who tended to choose oral
medications (12.2%). Physicians preferred a
dosing schedule of three injections once every
3 months (p <0.001) over a dosing schedule of
one injection once a month (Table S4). They
also preferred an injection duration of 20s
(p<0.01), 10s (p<0.001), or 5s (p<0.001)
over an injection duration of 30s. Physicians
preferred a treatment that could be stored out-
side the fridge for up to 7 days (p <0.001) or up
to 14 days (p <0.001) over one that could only
be stored outside the fridge for up to 1 day. They
also preferred an auto-retractable needle
(p <0.05) to manual pull-out. No significant
differences in preferences were observed for
dose confirmation, auto-injector base shape and
need for skin pinching, or injection steps.
Physicians’ preferences for auto-injectors were
explained by dosing schedule (RAI = 32.7%),

injection duration (RAI = 30.4%),
requirements (RAI=20.3%), and
removal (RAI =7.2%) (Fig. 3).

storage
needle

Predicted Choice Probability

In patients, a treatment profile comparable to
galcanezumab (one injection every month:
PCP = 42.8%; 95% CI=39.2-46.4) had a sig-
nificantly higher likelihood of being chosen
over profiles comparable to fremanezumab
(three injections every 3 months: PCP = 28.8%);
95% CI=25.5-32.0, p<0.001) and erenumab
(one injection every month: PCP = 28.4%; 95%
CI=25.9-31.0, p<0.001) (Fig.4). The likeli-
hood of choosing the treatment profile compa-
rable to fremanezumab was similar to the
likelihood of choosing the treatment profile
comparable to erenumab (p>0.05). These
results were aligned with the direct elicitation
question (Fig. S4) presenting the corresponding
attribute levels, in which a profile comparable
to galcanezumab was chosen by more patients
(44.6%) than a profile comparable to erenumab
(17.5%) and fremanezumab (three injections
every 3 months: 20.0%).
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[l Patient (n=601) [l Physician (n=219)

40%

30%

28.4 [25.5-31.0]

20%

PCP (85% CI)

10%

0%
Ei

34.7 [49.6-39.8]

31.0[47.1-34.9]

28.8 [25.5-32.0]

renumab Fremanezumab (Every three months)

[l Patient (n=601) [l Physician (n=219)

42.8[39.0-46.4]

34.349.6-39.0]

Galcanezumab

40%

30%

28.4 [26.0-30.

20%

PCP (95% CI)

10%

0%

35.1(41.1-39.1]

9] 28.7 [25.6-31.7]

26.1[42.0-30.2]

42.9 [39.5-46.5]

38.8[34.0-43.7]

Dosing
schedule

Storage
requirements

Base and
pinching

Injection steps

Injection
duration
Needle removal

Dose
confirmation

Erenumab Fremanezumab (Once a month)

Erenumab

Fremanezumab

Galcanezumab

Galcanezumab

A) Once every 3 months,

Once a month, 3 injections Once a month,
1 injection B) Once a month, 1 injection
1 injection
Outside the fridge for Outside the fridge for Outside the fridge for
up to 7 days up to 7 days up to 7 days

Narrow base, pinching

Press down firmly into
the skin to unlock and
press the button to

inject
15 seconds 30 seconds
Pull-out Pull-out
Thin window Thin window
AND “Click” AND “Click”

Before dose completion

Narrow base, no pinching

Press down firmly into the
skin to inject

Before dose completion

Wide base, no pinching

Twist to unlock and
press the button to inject

10 seconds

Auto-retract

360-degree view
AND “Click”
After dose completion
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«Fig. 4 Predicted choice probability (PCP). A Treatment
profiles comparable to erenumab (once a month), fre-
manezumab (every 3 months), and galcanezumab (once a
month). B Treatment profiles comparable to erenumab
(once a month), fremanezumab (once a month), and
galcanezumab (once a month)

The treatment profiles comparable to fre-
manezumab (three injections every 3 months:
PCP =34.7%; 95% ClI=29.6-39.8), gal-
canezumab (PCP = 34.3%; 95% CI = 29.6-39.0),
and erenumab (PCP = 31.0%j; 95%
CI =27.1-34.9) were predicted to be chosen by
physicians with a similar probability (p > 0.05
each; Fig. 4A). This result was not consistent
with the corresponding direct elicitation ques-
tion (Fig. S4), in which the treatment profile
comparable to galcanezumab was chosen by
more physicians (53.4%) than ones comparable
to erenumab (9.6%) and fremanezumab (three
injections every 3 months: 32.4%).

Changing the fremanezumab dosing sched-
ule from three injections every 3 months to one
injection once a month resulted in small
changes to the PCPs for patients, but did not
change the order or statistical significance of
their preferences (Fig. 4B). By contrast, chang-
ing the dosing schedule of fremanezumab
changed the order of physicians’ preferences to
favor the treatment profile comparable to gal-
canezumab over the one comparable to fre-
manezumab (p <0.001), but not the one
comparable to erenumab (p>0.05), and to
favor the treatment profile comparable to ere-
numab over the one comparable to fre-
manezumab (p = 0.002).

DISCUSSION

In the current study, approximately one-third
of physicians would consider prescribing sub-
cutaneous self-injectable treatments under cer-
tain circumstances; a similar number were
excited about the prospect of subcutaneous self-
injectable auto-injectors. However, approxi-
mately one-third of patients were reluctant or
even averse to switching to a CGRP mAb auto-
injector. Nonetheless, many of the patients and

physicians would prefer self-injectable CGRP
mAbs over non-CGRP oral medications if the
preventive treatment offered similar efficacy in
reducing the frequency of experiencing
migraine headache days. Most participants
preferred a treatment profile similar to
galcanezumab.

While the study confirmed that auto-injec-
tors were preferable to oral medications for both
patients and physicians, consistent with find-
ings from another preference study conducted
with people with migraine in the US, the UK,
and Germany [14], previous studies comparing
preferences between subcutaneous injection
and oral administration for preventive treat-
ments for migraine gave different results. For
example, a DCE completed by people report-
ing > 6 migraine days per month revealed no
significant differences in preferences between
the two administration routes [49]. The differ-
ent results between the studies may be due to
dissimilarities in study design and different
treatment attributes presented to the patients.
Specifically, attributes included in the other
DCE include frequency of limitations with
physical activities, reduction in headache days
per month, weight gain, cognition problems,
and monthly out-of-pocket cost; frequency and
mode of administration were the only attributes
common to both studies [49].

Patients and physicians differed in their
preferences in our study. For instance, the main
drivers of patient preferences for auto-injectors
were needle removal, injection duration, and
auto-injector base shape and need for skin
pinching, whereas those of physicians were
dosing schedule, injection duration, storage
requirements, and needle removal. Patients
found the most benefit in having an auto-re-
tractable needle rather than a self-removed
needle, having a shorter injection duration, and
having a narrow or wide base with no pinching
rather than a narrow base with pinching. These
valuations are aligned with those from the other
preference study conducted in the US, the UK,
and Germany [14], except that the storage
requirements did not significantly affect Japa-
nese patients’ preferences. The finding that
needle removal was one of the most important
attributes among Japanese patients could be
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explained by most participants lacking experi-
ence with self-injectables and because over a
third of them were very or extremely afraid of
needles. In patients with diabetes, fear of nee-
dles is a common barrier to self-injectables [50],
which may be exacerbated by lack of experience
with injection therapy [51]. During the quali-
tative pilot interviews, Japanese patients often
identified dosing schedule and injection dura-
tion as the most important drivers of their
preferences. However, in the DCE, no signifi-
cant difference was observed between prefer-
ences for three injections once every month and
one injection once a month. This finding is
consistent with the previous preventive
migraine treatment preference study [14].

Japanese patients preferred reducing the
injection duration to 5 or 10s, but significant
preferences were not detected for 5s over 10s.
This finding is similar to findings from the other
preventive migraine treatment preference study
[14], where a significant difference in prefer-
ences was not detected for a self-injection last-
ing 3 or 5s versus 10s. While the other
preventive migraine treatment preference study
found that longer storage outside the fridge was
the third most important attribute [14], it did
not affect Japanese patients’ treatment valua-
tions. Some studies suggest that storage
requirements are associated with treatment
compliance [52, 53]. However, patients’ prefer-
ences for storage requirements have not been
widely studied.

Dosing schedule was the most important
attribute driving the choices of physicians, who
preferred three injections every 3 months over
one injection monthly. However, dosing
schedule was not a driver of patients’ prefer-
ences. A previous US survey revealed similar
preferences for monthly and quarterly injec-
tions among physicians who treat migraine
[54]. The authors of that study proposed ease of
remembering and fewer consecutive injections
as reasons for physicians preferring monthly
over quarterly injections, and improved treat-
ment compliance, reduced injection burden,
and fewer injection days as reasons for prefer-
ring quarterly dosing over monthly dosing [54].
While physicians considered an auto-re-
tractable needle to be more desirable than

manual needle removal, they placed less
importance on this than patients. This could be
because it is time-consuming to explain injec-
tion methods and use of injection devices, as
suggested by a previous comparative usability
study about insulin therapy [55].

This study benefitted from a best-practice
mixed methods design [56-58]. The attributes
in the DCE were identified through a targeted
literature review and nine in-person focus
groups conducted in the US, UK, and Germany,
during which patients simulated using unbran-
ded auto-injectors and prefilled syringes [27].
The DCE was also qualitatively and quantita-
tively pilot-tested before surveying Japanese
patients and physicians. In addition, in order to
address possible challenges in communicating
auto-injector attribute levels to participants, the
patient information leaflets for CGRP mAbs and
the findings of the focus group study [27] were
used to develop a short video to help partici-
pants to understand the attributes and to dis-
tinguish their levels. This was especially
important for attributes describing different
parts of the devices, such as the base and dose
confirmation window, which would not be
familiar to participants who have not used such
devices. Also, most patients and physicians took
> 10 min to complete the survey, which sug-
gests they took time to understand the choice
options and make appropriate choices.

This study had limitations. The attributes of
the CGRP mAb auto-injectors were based on
FDA package inserts instead of the inserts from
the Pharmaceuticals and Medical Devices
Agency of Japan, due to the timing of the study
and medication approval in Japan. Also, par-
ticipants did not have the opportunity to
physically experience and use CGRP mAb auto-
injectors, while CGRP-targeted treatments were
not available in Japan at the time of the survey;
future research with actual device use may elicit
different preferences for the CGRP mAb auto-
injectors. Although efforts were made to only
include participants who met the eligibility
criteria, the generalizability of the results to the
wider populations of people with migraine and
physicians who treat migraine in Japan remains
uncertain. For instance, patients with episodic
migraine accounted for 79.2% of our study
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population, whereas in earlier surveys patients
with episodic migraine accounted for 94.5% of
participants [6].

CONCLUSIONS

Although Japanese patients and physicians val-
ued CGRP mAb auto-injectors more highly than
non-CGRP oral medications, and preferred a
treatment profile similar to galcanezumab, their
preferences for device characteristics and
administration profiles differed. Identifying
differences in patient and physician preferences
can increase transparency for treatment rec-
ommendations for individual patients, and
potentially increase treatment compliance.
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