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Abstract

Objective: To evaluate the measurement properties of all three domains of the
Migraine-Specific Quality of Life questionnaire version 2.1 (MSQ v2.1) electronic
patient-reported outcome (ePRO) to assess the functional impact of migraine in pa-
tients with episodic or chronic migraine (CM); and identify meaningful within-patient
change thresholds for the Role Function-Restrictive (RFR), Role Function-Preventive
(RFP), and Emotional Function (EF) domains.

Methods: Data were drawn from three double-blind, placebo-controlled, and rand-
omized Phase 3 clinical studies (episodic migraine [EM]: EVOLVE-1 and EVOLVE-2;
CM: REGAIN). The psychometric properties of the MSQ v2.1 ePRO domains were
demonstrated by evaluating reliability (internal consistency and test-retest), construct
validity (convergent and known groups), and responsiveness. Meaningful within-
patient change thresholds for domains were estimated using anchor-based approaches,
supplemented by empirical cumulative distribution function curves and probability
density function plots to enable interpretation of meaningful change over 3 months.
The Patient Global Impression of Severity (PGI-S) and Patient Global Impression of
Improvement served as anchors.

Results: A total of 2,850 patients with either EM (EVOLVE-1: 851; EVOLVE-2: 909) or
CM (REGAIN: 1,090) were included. The Cronbach's alpha estimates of internal con-
sistency exceeded the recommended threshold of 20.70 for all domains from the three
studies, indicating adequate internal consistency. Test-retest reliability intraclass cor-

relation coefficients were 20.80 for all domains across all three studies, demonstrating

Abbreviations: ANOVA, analysis of variance; CM, chronic migraine; eCDF, electronic cumulative distribution function; EF, Emotional Function; EM, episodic migraine; ePRO, electronic
patient-reported outcome; FDA, Food and Drug Administration; ICHD-3p, International Classification of Headache Disorders, 3rd edition beta version; IHS, International Headache
Society; MIDAS, Migraine Disability Assessment Score; MSQ v2.1, Migraine-Specific Quality of Life questionnaire version 2.1; NCT, National Clinical Trial; PDF, probability density
function; PGI-I, Patient Global Impression of Improvement; PGI-S, Patient Global Impression of Severity; PRO, patient-reported outcome; RFP, Role Function-Preventive; RFR, Role

Function-Restrictive.
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almost perfect agreement. Convergent validity was supported by moderate-to-strong
correlation (r = 0.30) between all domains of MSQ v2.1 ePRO and studied anchors
(Migraine Disability Assessment Score and PGI-S scores) across all three studies. Known
group validity was established between all domains and subgroups of patients stratified
by baseline PGI-S scores and baseline number of monthly migraine headache days for
all three studies. The 3-month meaningful within-patient change thresholds were the
same for EM and CM for RFP: 20.00 and EF: 26.67; and for RFR: 25.71.

Conclusions: These findings demonstrate that all three domains of the MSQ v2.1
ePRO have sufficient reliability, validity, responsiveness, and appropriate interpreta-
tion standards. Our results suggest that MSQ v2.1 ePRO is a well-defined and reliable

patient-reported outcome instrument that is suitable for use in clinical studies for
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reported outcomes

INTRODUCTION

Globally, migraine is among the top five leading causes of years lived
with disability, with higher years lived with disability rates reported
in females than in males.! Migraine attacks are common among pa-
tients aged 15-49 years with peak prevalence reported among pa-
tients aged 35-39 years.2

Patients with migraine often experience impairment of functional
aspects during attacks as well as impairment of emotional aspects, both
during and between migraine attacks.>* Patient-reported outcome
(PRO) instruments that gather patients’ perspectives often provide
valuable insights into impact of the disease on health-related quality of
life (HRQoL) and disease-related disability.4 PROs are often preferred
by health-care providers (HCPs) to make informed decisions based on
patient's perspectives and to identify challenges with treatment com-
pliance. This eliminates chances of skipped treatment opportunities for
providing acute, preventive, and biobehavioral interventions.*”” Both
general health and disease-specific instruments are used to evaluate
HRQoL in patients with migraine.4 However, the Migraine-Specific
Quality of Life questionnaire version 2.1 (MSQ v2.1) PRO has gained
recognition by HCPs over the decades owing to its increased precision
and focus on aspects specific to migraine.8 The 14-item MSQ v2.1
electronic patient-reported outcome (ePRO) comprises the domains
of Role Function-Restrictive (RFR; 7-items), Role Function-Preventive
(RFP; 4-items), and Emotional Function (EF; 4-items).? The original 16-
item MSQ v1.0 PRO was developed by Glaxo Wellcome Inc.® in 1992
and over the years, has been subsequently revised following additional
psychometric testing (versions 2.0'° and 2.17).

Inrecently published pivotal studies on galcanezumab, significant
reductions in monthly migraine headache days (monthly migraine
headache days, p < 0.001) were observed in galcanezumab-treated
patients compared to placebo. In EVOLVE-1 and EVOLVE-2 stud-
ies, reduction in migraine headache days/month was 4.3, 4.2, 2.3,

evaluating the impact of migraine on patient functioning in episodic and CM.

chronic migraine, episodic migraine, Migraine-Specific Quality of Life questionnaire, patient-

and 4.7, 4.6, and 2.8 days, respectively, in patients receiving galca-
nezumab 120 mg, 240 mg, and placebo.'>'? In the REGAIN study,
reduction in migraine headache days per month was 4.8, 4.6, and
2.7 days in patients receiving galcanezumab 120 mg, 240 mg, and
placebo, respectively.® A key secondary end point in the galcane-
zumab studies was the RFR domain of the MSQ v2.1 at Months 4-6
for patients with chronic migraine (CM) and Month 3 for patients
with episodic migraine (EM) and patient data from the three Phase 3
studies were retrospectively analyzed to evaluate the psychometric
performance of that domain.* In this post hoc analysis, we aim to
assess the reliability, validity, ability to detect change, and meaning-
ful within-patient change at Month 3 for all three domains of the
MSQv2.1 ePRO using data from the same Phase 3 clinical studies.

METHODS
Study design

The EVOLVE-1 (n = 858; NCT02614183), EVOLVE-2 (n = 915;
NCT02614196), and REGAIN (n = 1,113; NCT02614261) studies
were Phase 3, multicentered, randomized, double-blind, placebo-
controlled studies. The study designs have been described pre-
viously.***® Briefly, male and female patients aged 17-65 years
and with a diagnosis of EM (EVOLVE-1 and EVOLVE-2 studies) or
CM (REGAIN study), per the International Headache Society (IHS)
International Classification of Headache Disorders, 3™ edition,
(ICHD-3) beta version,*> were enrolled. Patients were required to
have a migraine onset at or before 50 years of age and a diagnosis of
migraine for at least 1 year before enrollment. Patients with a history
of failure to respond to three or more classes of migraine preven-
tive treatments, as defined by the American Academy of Neurology/
American Headache Society treatment guidelines level A and level
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B evidence,**

were excluded. Eligible patients were randomized in a
ratio of 2:1:1 to one of the three treatment groups, placebo, galcan-
ezumab 120 mg or galcanezumab 240 mg, respectively.

The primary end point in all three studies assessed the superiority
of at least one dose of galcanezumab (120 or 240 mg/month) to pla-
cebo in preventing migraine headache. Secondary outcomes included
proportions of patients with a reduction in monthly migraine head-
ache days (250%, 275%, or 2100% response rates), migraine headache
days with acute medication use, and scores from the MSQ v2.1 ePRO,
Patient Global Impression of Severity (PGI-S), and Migraine Disability
Assessment Score (MIDAS) were also assessed.!1™13

The study protocols were reviewed and approved by the
Institutional Review Board, Medical Ethics Committee, or Medical
Research & Ethics Committee of the participating study sites for all
three studies. The studies were conducted in concordance with the
ethical principles that have their origin in the Declaration of Helsinki
guidelines. All patients provided written informed consent before
study participation.

Migraine-Specific Quality of Life questionnaire,
version 2.1

The MSQ v2.1 ePRO is a self-administered questionnaire comprised
of three domains. Items in the RFR domain assess how migraines
limit one's daily social and work-related activities, RFP items assess
how migraines prevent these activities, and EF items assess the emo-
tions associated with migraines.9 During clinical site visits, patients
provided their inputs directly into a “tablet” device at baseline. Post-
baseline, patients entered their inputs at Months 1-6 in EVOLVE stud-
ies and at Months 1, 2, and 3 in REGAIN study. The responses for
each item range from O (“none of the time”) to 6 (“all of the time”).
The MSQv2.1 ePRO domain scores for each of the three domains are
determined separately by adding the score of each item under that
domain. Domain scores are transformed linearly on a scale of 0-100,
with higher scores indicating improved health status. The MSQ has
been found to be a reliable and valid questionnaire in several different
populations, including EM and CM, initiators of preventive treatment,
global clinical trial, and clinical practice research. It is recommended
as a core instrument for headache studies by the National Institute of
Health and has been translated and culturally adapted into multiple
languages.&16:17

Headache-related disability, level of illness for migraine, and im-
pression of migraine improvement were evaluated using the patient
self-administered questionnaires, namely, MIDAS, PGI-S, and Patient
Global Impression of Improvement (PGI-1). The MIDAS is a 5-item pa-
tient-rated instrument that reflects the number of days reported as ei-
ther missing completely or experiencing reduced productivity in school
or work, household work, and/or social or leisure activities within the
past 3 months. A higher MIDAS score is indicative of increased dis-
ability in terms of lost days due to migraine.ig'19 The PGI-S and PGI-I
scales assess the patient's global impression of severity of their current
condition and improvement in disease (migraine) since randomization

to treatment, respectively, on a scale ranging from 1 to 7. The PGI-S
includes a range of possible responses, from 1 (“normal, not at all ill")
to 7 (“extremely ill”). The PGI-I has a 7-point scale in which a rating of
1 indicates the patient is “Very much better,” 2 = “Much better,” 3 = “A
little better,” 4 = “No change,” 5 = “Alittle worse,” 6="Much worse," and
7 indicates the patient is “Very much worse.”

handheld

vice to record their headache information, including dura-

Patients used a electronic daily diary de-
tion, severity, symptoms, and utilization of acute headache
medication. A migraine headache day was defined as a calendar day
on which a migraine or probable migraine headache occurred; for the
clinical studies, headache duration needed to last at least 30 min-
utes. Migraine headache criteria were based on the IHS International
Classification of Headache Disorders —3™ edition beta (ICHD-3p);
probable migraine headache was defined the same as migraine head-

ache but failing to meet the criteria for either feature A or B.*®

Statistical analysis

For this post hoc analysis, responsiveness and meaningful within-pa-
tient change estimates for EM and CM were calculated from baseline
to Month 3. The distribution of scores for the three domains was de-
termined using descriptive statistics, including mean, standard devia-
tion, median, range, and floor and ceiling effects. The sample size for
all analyses was motivated by the available data from the EVOLVE-1,
EVOLVE-2, and REGAIN studies. Details on patient enrollment, sam-
ple size calculation, randomization, and blinding have been published
previously.1*"13 All tests of significance were two-sided with alpha set
at a p-value of 0.05. Assumption of normality was applied and sup-
ported by histograms of the baseline MSQ v2.1 data. All statistical

analyses were completed using SAS version 9.4.

Reliability

Internal consistency was assessed using Cronbach's alpha (a) coef-
ficient at baseline; « 2 0.70 was considered an adequate magnitude
for demonstrating internal consistency.20'21 Stability of domain
scores over time within a stable population was demonstrated using
test-retest reliability. Stable patients were defined as those who had
either no change or a change of only 1 day in their number of mi-
graine headache days per month during the last two time points for
the treatment phase (Months 5 and 6 for EVOLVE-1 and EVOLVE-2,
and Months 2 and 3 for REGAIN) and had been randomized to pla-
cebo. Test-retest reliability was estimated using intraclass correla-
tion coefficients (ICCs). The ICC was calculated using the analysis of
variance (ANOVA) approach.?? The F-statistic is based on the ratio of
between group mean square error versus within group mean square
error. The ICC values were classified in the following manner: 0.01
to 0.20 = “slightly fair,” 0.21 to 0.40 = “fair,” 0.41 to 0.60 = “moder-
ate,” 0.61 to 0.80 = “substantial,” and 0.81 to 1.00 indicates “almost

perfect agreement.”?®
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Validity

Convergent validity of the MSQ domains with MIDAS, PGI-S, and
monthly migraine headache days was assessed using Spearman
rank correlation coefficient at baseline. A moderate-to-strong
relationship was hypothesized for the domain scores with MIDAS
and PGI-S. A correlation coefficient of 20.30 was considered
moderate convergent validity, whereas a correlation coefficient 20.5
was considered as strong convergent validity.24 It was hypothesized
that the RFR domain would have a moderate-to-strong relationship
with the MIDAS and the PGI-S and be moderately correlated with
the number of monthly migraine headache days. Correlations
between the RFP and EF domains and the MIDAS, PGI-S, and
monthly migraine headache days were expected to be slightly lower,
though still in the moderate range.

Known groups validity was analyzed using PGI-S and the number
of monthly migraine headache days per month at baseline. Patients
who indicated a higher degree of illness on the PGI-S were hypoth-
esized to have lower domain scores than those who indicated a low
severity of illness; similarly patients with a greater number of mi-
graine headache days per month were hypothesized to have lower
domain scores than those who had fewer migraine headache days
per month. Analysis of covariance (ANCOVA) models were adjusted
for age and sex. Multiple comparisons for known groups validity
were adjusted using Bonferroni correction and Cohen's d effect
sizes (6) were calculated. Adjustments for multiple comparisons were
done with each study and each known group analysis. Cohen's d ef-
fect size was interpreted as a percentage of the standard deviation,
meaning a Cohen's d of 0.5 means the difference equals half a stan-
dard deviation.?

Responsiveness

The ability to detect change was evaluated with one-way ANOVA
methods to assess the mean change from baseline to Month 3 for
RFR, RFP, and EF domains by change from baseline to Month 3 in
MIDAS, PGI-S, and percent change in monthly migraine headache
days and Month 3 PGI-I values. It was hypothesized that the do-
main score changes would be statistically significantly different
between anchor groups. The anchor groups were defined as fol-
lows: MIDAS - no grade improvement versus 21 grade improve-
ment (e.g., MIDAS grade 3 to MIDAS grade 2); PGI-S - no category
improvement versus 21 category improvement (e.g., “moderately
ill” to “mildly ill"); percent change in monthly migraine headache
days - <50% improvement versus 250% improvement; PGI-I - no
change or worsening versus > improvement (e.g., “a little better,”
“much better,” and “very much better”). The Spearman rank cor-
relation coefficients for change in the MSQ domains from baseline
to Month 3 and the percent change in monthly migraine headache

days were also calculated.

Meaningful change thresholds

Meaningful within-patient change thresholds (i.e., the individual
patient PRO score change over a predetermined period indicating
a meaningful change in her or his condition) were estimated for
the MSQ v2.1 ePRO domains using an anchor-based approach
with the PGI-S and PGI-I serving as anchors; specifically 1-level
and 2-level improvement. The optimal meaningful within-
patient change estimate for baseline to Month 3 was obtained
by calculating the median and mean of the baseline to Month 3
MSQ v2.1 ePRO domain change scores by PGI-S change group
from baseline to Month 3 and PGI-I group at Month 3. Empirical
cumulative distribution function (eCDF) and probability density
function (PDF) plots were generated to display the change scores
from baseline to Month 3 by anchor change groups. To interpret
the results and derive a recommended estimate for each domain,
the following were key considerations. (1) The range of estimates
from the 1-level and 2-level improvement groups were examined,
with the 2-level estimates being more conservative. (2) The state
change for each domain is the value on the O to 100 scale that is
equivalent to a 1-point shift on the raw scale. The state change is
calculated by dividing the total possible score (100) by the number
of items (different for each domain), then, dividing by the number
of level changes in response (5). The state changes were 2.857, 5.0,
and 6.66 for the RFR, RFP, and EF, respectively. The meaningful
within-patient change threshold should be a value that is attainable

and interpretable on both the transformed and raw scale.?¢

RESULTS

A total of 2,850 patients with EM (EVOLVE-1: 851; EVOLVE-2: 909)
or CM (REGAIN: 1,090) were included in this post hoc analysis.
Table 1 presents sociodemographic, clinical, and psychometric char-
acteristics. Most (>84%) of patients across the three studies were
female. No significant floor or ceiling effects were observed for any
of the three domains (data not shown). No missing item level data
were observed for each of the three domains in the three studies.
The mean RFR, RFP, and EF domain scores were similar for patients
with EM in the EVOLVE studies and were relatively lower in patients
with CM in the REGAIN study.?”%3

Reliability

At baseline, Cronbach's a estimates of internal consistency for the
RFR, RFP, and EF domains in all the three studies exceeded the rec-
ommended threshold of 20.70 (range 0.83 to 0.93) (Table S1). Test-
retest reliability results were strong with the ICC values for the RFR,
RFP, and EF domains ranging from 0.77 to 0.92, demonstrating sub-

stantial to almost perfect agreement (Table 52).2°
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TABLE 1 Patient demographics and disease characteristics: PRO population

Characteristics

Age (years), mean (SD) [range]

Gender (female), n (%)

Years since migraine diagnosis, mean (SD) [range]

Number of migraine headache days, mean (SD) [range]

Race, n (%)
White

Black or African American

Asian

American Indian or Alaska Native

Native Hawaiian or Other Pacific Islander

Multiple

Number of comorbid conditions, mean (SD), n

MIDAS total score
Mean (SD)
Median (range)

RFR
Mean (SD)
Median
Range (min-max)
Missing n (%)
Floor n (%)
Ceiling n (%)

RFP
Mean (SD)
Median (Q1-Q3)
Range (min-max)
Missing n (%)
Floor n (%)
Ceiling n (%)

EF
Mean (SD)
Median (Q1-Q3)
Range (min-max)
Missing n (%)
Floor n (%)
Ceiling n (%)

EVOLVE-1 PRO population

(n=851)

40.6 (11.6) [17.0-65.0]
712 (83.7)

20.0(12.4) [0.2-58.1]
9.1(3.0) [4.0-16.7]

683 (80.3)
94 (11.0)

24 (2.8)
3(0.4)
3(0.4)
44(5.2)

4.7 (3.6), 772

33.15(27.7)
26.0(0-216.0)

51.5(16.0)
51.4
0.0-94.3
0(0.0)
4(0.5)
0(0.0)

67.0(18.9)
70.0
0.0-100.0
0(0.0)
1(0.1)

14 (1.6)

59.4 (24.6)
60.0
0.0-100.0
0(0.0)
25(2.9)
24 (2.8)

EVOLVE-2 PRO population

(n=909)

41.8 (11.1) [18.0-65.0]
776 (85.4)

20.6 (12.4) [0.1-57.7]
9.1 (2.9) [4.0-18.0]

638(70.2)
63(6.9)

102 (11.2)
41 (4.5)
2(0.2)
63(6.9)
3.6(3.1), 718

33.0(29.7)
25.0(0.0-230.0)

51.7 (15.6)
51.4

(0.0, 100.0)
0(0.0)
2(0.2)
2(0.2)

67.6 (19.3)
70.0
0.0-100.00
0(0.0)
4(0.4)

39 (4.3)

61.9 (24.0)
66.7
0.0-100.0
0(0.0%)
18 (2.0%)
46 (5.1%)

REGAIN PRO
population (n = 1,090)
41.0(12.1) [17.0-65.0]
929 (85.2)
21.2(12.8)[0.1-56.4]
19.4 (4.5) [8.0-29.0]

863(79.2)
69 (6.3)
53(4.9)
6(0.6)

1(0.1)

97 (8.9)
4.3(3.5),937

67.2(57.3)
50.0 (0.0-355.0)

38.7 (17.2)
371

(0.0, 94.3)
0(0.0)

11 (1.0)
0(0.0)

55.7 (21.1)
55.0
0.0-100.0
0(0.0)
8(0.7)

14 (1.3)

44.9 (26.3)
46.7
0.0-100.0
0(0.0)

77 (7.1)
13(1.2)

Abbreviations: EF, Emotional Function; max, maximum; min, minimum; PRO, patient-reported outcomes; RFP, Role Function-Preventive; RFR, Role

Function-Restrictive; SD, standard deviation.

Validity

At baseline, moderate-to-strong correlations were noted between
RFR domain and MIDAS (0.51 to 0.57), and between RFR domain
and PGI-S (0.46 to 0.54) in all three studies. Moderate-to-strong
correlations between the RFP domain and MIDAS (0.52 to 0.57),

and PGI-S (0.35 to 0.46), and between the EF domain and MIDAS
(0.45 to 0.51) and PGI-S (0.38 to 0.44) were also observed. The

baseline correlations between RFR, RFP, and EF domains, and
the number of monthly migraine headache days were small for all
three studies (RFR, 0.22 to 0.27; RFP, 0.13 to 0.22; EF, 0.17 to
0.22).



HEADACHE

516

1 PP10dal Ajsnoinaid sem AjipijeA sdno umous| Y4y 104 s3Nsay ‘suosiiedwod s|dijnw Joj Sunsnlpe
1591 luoIjuOg 3uisn paw.loliad a1am sueaw S Uaamlag suosiiedwod asimiled “TO00 0> @N[eA o ||BI9A0 J0) sanjeA-d ||e ‘xas pue a3e 4o} Suisnipe [spow (YAODNY) 82UBLIBAOD JO SISAjeue Aem-auo Yq

‘p s,uayoD Suisn paje|ndjed sazis 199443,
"SNSIDA “SA L0412 PIEPUE)S ‘IS DAIID141SDY-UOIIOUNS B|0Y ‘Y'Y (DAIIUDAIH-UOIIdUNS 3|0y ‘d4Y ‘AMIDAIS JO
uoissaiduwl| [BqO[D) Judlied ‘S-|Dd ‘dW02IN0 pajiodal-juaiied djuU0J3I3[3 T'Z UOISIDA 1euuoiisanb a1 o Ajijend o1310adg-aulelSiN ‘Odde T'ZADSIA 21enbs 3sea| ‘ST ‘uoi3ouny [BUOIIOWS ‘43 :SUOIIBIARIGQY

(T000°0>) €T'8T 70- A A 109 (€T) LTS NIVO3Y
(T100°0>) OT'0T €€°0- 909 (€ T) T'T9 €0€ (S°T) 989 ¢-AN10A3
(T000°0>) L6'6 €€°0- 095 (€' T) 189 162 9°T) £°59 T-IANT0N3

=Bl
(T000°0>) 1947 9€°0- 167 (TT)0¥S 109 (0T 919 NIVOIY
(#000°0) 2T'9 vT0- 909 (0°T) 529 €oecroeL Z-IN10A3
(T000°0) ¥0L ¢e'0- 096G (0°T) ¥'59 T162CT)ETL T-INT0A3

d4d

(anjea-d) anjeA 4 ||eJaAQ 9z1S 199443 8z 8>

87’'0=5'SAY:860=G'SAEBYO=1
SAE6CT=G'SAT8LO0=YSATEEOQO=E SAC

‘COT=G'SAT'GG0=¥'SAT:OT'0=E'SAT'0C0=CSAT
9¥'0=G'SA¥:880=G SAE 0V 0=V
SAEHET=G'SAZT80=1 SAT'EY0=ESAC

TP T=G'SAT960=¥"SAT:090=€SAT'0C0=C SAT
TLO=G SAY YT T=G'SAEEPO=1
SAEG9T =G SAZTOT =¥ 'SACGG0=E'SAC

‘€S T=G'SAT660=¥SAT:95°0=E'SATE00=CSAT

19°0=G'SAY 6T T=G'SAE%G0=1V
SAEWYT=G'SAT680=1SATEEO=ESAT
ETT=G'SAT690=V"SATTT0=€SAT8T0=C'SAT
¥9'0=G'SAV'660=5SAETEO =1V
SANETYT =G SATTLO=Y SATTVO=E'SAT
9T T=G'SAT€90=¥'SAT!SE0=€'SAT:TO0=CSAT
LLO=SSAYETT =G SAE8YO=1V
SAE6ST =G SA960=Y SATSFO=ESAL
9T =G SAT YT T =¥ 'SAT!G90=E'SATET0=CSAT

921 1313

GEE (ST EPE

10T (€2) 99¥

0zZT (T'2) 8'8¢

Gee (2T 09y

TOT (6'T) 6°€S

02T (9°T) L6V

11t Ajdwaa3x3 /A|249A0S

SO ‘('T) 19V

G6C (ST) 6£S

LET (9T T9S

SOv (T'T) 9°LS

G62(C°1) 099

LECT(TT) L'€Y

111 Ajpaxiey

6vC (LT)9'LS

0zZ€ (G°'T) 029

ovE ‘(¥'1) T'99

6vC (€'1) 789

0zeE(T T L'TL

e (0T ¥'TL

11t Aj23esapon

U ‘(3S) auljaseq e ueaw §7 dulaseq Je sAep aysepeay auresSiw A|Yauon

v¥ (L'€) 819

81T (¢'2) 60°9L

YoT (€2) TLL

¥ (67 v'EL

811 8'1)€8L

¥0T (£'7)8'8L

1 AIpIIN

65 (€°€) 109

GL(LT)G6L

vy (7€) 8°9L

65ST)TTL

SL(TT)T8L

¥ (92 918

[11 u1j49p10q/[ewioN

NIVO3d

¢-INT0AT

T-IATOA3
EE|

NIVO3d

¢-INTOA3T

T-IA10A3
d4d

aweu Apnjs/utewoq

u {(3S) auldseq je ueaw §7 (sdnoas aAly) sulaseq 3e S-|9d

(sAep ayoepeay aujeaSiw A|yjuow pue ‘[dAs|-G ‘S-|9d) duljaseq Je sa400s ulewop OYda T'ZA DSIA Alpljea sdnoig umouy z 379VL



HEADACHE

517

Table 2 shows known groups validity results. Patients with
worse severity levels of illness as assessed using the PGI-S
had lower RFP and EF domain scores. Significant differences
(p < 0.0001) in mean RFP and EF domain scores at baseline were
observed between patients in nearly all of the PGI-S levels (RFP:
6 =0.02 to 1.67; EF: 6 = 0.03 to 1.65); however, no significant dif-
ferences were observed between mean scores of patients with
PGI-S levels of “normal/borderline” versus “mildly ill” or “moder-
ately ill” groups. The groups with fewer monthly migraine head-
ache days had higher mean RFP and EF domain scores in all three
studies (RFP: p <0.001, 5= -0.24 to -0.36; EF: p < 0.001, 6 = -0.33
to -0.41; Table 2).

Responsiveness

Patients who had 21 level improvement in MIDAS, PGI-S, or PGI-I
and/or experienced at least 50% fewer monthly migraine headache
days from baseline to Month 3 had significant improvements
(p < 0.0001) in their RFR, RFP, and EF domain mean scores versus
patients with no categorical improvements in respective measures/
outcomes (RFR: all p < 0.001, § = 0.55 to 1.40; RFP, all p < 0.001,
5 =0.40to 1.2; EF: all p < 0.001, § = 0.44 to 1.13; Figure 1). The
correlation between change in the RFR, RFP, and EF domain scores
and percent change in monthly migraine headache days were -0.46
to -0.48, -0.33 to -0.36, and -0.34 to -0.35 for EM, respectively,
and -0.60, -0.48, and -0.47 for CM, respectively. These results
provide strong evidence to support the responsiveness (ability to
detect change) of the RFR, RFP, and EF domains in patients with EM
and CM.

Meaningful within-patient change threshold

Table 3 shows the median and mean of baseline to Month 3 MSQ
v2.1 ePRO domain change scores by PGI-S change group and PGI-I
group. The median change on the RFR domain for patients who
had a 1-point improvement on the PGI-S was 22.86 for all three
studies and the mean change ranged from 22.72 to 24.88. For
patients who had a 2-point improvement on the PGI-S, the median
change on the RFR domain ranged from 31.43 to 34.29 and the
mean change ranged from 32.00 to 32.45. Patients who were “a
little better” on the PGI-I had a median RFR score change of 20.00
in all three studies and the mean change ranged from 19.58 to
21.65. For patients who were “much better” the median change
ranged from 28.57 to 34.29 and the mean ranged from 30.55 to
34.91. In consideration of these results and the attainable score
changes that fall within these anchor estimates, the meaningful
within-patient change threshold for baseline to Month 3 for the
RFR domain was a 25.71-point change (9-points on the raw scale)
for EM and CM.

The median change on the RFP domain for patients who had a
1-point improvement on the PGI-S was 15.00 for all three studies

and the mean change ranged from 15.25 to 18.71. For patients
who had a 2-point improvement on the PGI-S, the median change
on the RFP domain ranged from 20.00 to 25.00 and the mean
change ranged from 22.99 to 26.82. Patients who were “a little
better” on the PGI-I had a median RFP score change of 15.00 in
all three studies and the mean change ranged from 15.02 to 17.01.
For patients who were “much better” the median change ranged
from 20.00 to 25.00 and the mean ranged from 21.83 to 28.17.
The attainable score changes on the RFP domain that fall within
these anchor estimates are 15.00, 20.00, and 25.00. Given the
results, the meaningful within-patient change threshold for base-
line to Month 3 for the RFP domain was a 20.00-point change
(4-points on the raw scale) for EM and CM.

The median change on the EF domain for patients who had a
1-point improvement on the PGI-S ranged from 13.33 to 20.00 and
the mean change ranged from 19.74 to 21.44. For patients who had a
2-point improvement on the PGI-S, the median change on the EF do-
main ranged from 26.67 to 33.33 and the mean change ranged from
28.29 to 31.68. Patients who were “a little better” on the PGI-I had
a median EF score change ranged from 13.33 to 20.00 and the mean
change ranged from 17.32 to 20.69. For patients who were “much
better” the median change ranged from 26.67 to 33.33 and the mean
ranged from 28.21 to 34.18. In consideration of these results and
the attainable score changes that fall within these anchor estimates
(13.33, 20.00, 26.67, and 33.33), the meaningful within-patient
change threshold for baseline to Month 3 for the EF domain was a
26.67-point change (4-points on the raw scale) for EM and CM. The
eCDFs and PDFs for the three domains exhibited clear separation of
domain change scores by PGI-S and PGI-I anchor levels (Figure 2).

DISCUSSION

The current retrospective analysis from Phase 3 studies in patients
with EM and CM demonstrates the stability of psychometric prop-
erties for all three domains of the MSQ v2.1 ePRO with regard to
reliability, validity, and responsiveness. The internal consistency
reliability exceeded the recommended threshold of 20.70, and the
test-retest reliability demonstrated almost perfect agreement for all
three domains in EVOLVE-1, EVOLVE-2, and REGAIN studies. Across
studies, moderate-to-strong correlations in convergent validity for
all three domains with MIDAS and PGI-S were observed. The find-
ings are consistent with the hypothesis and prior studies.®??? These
findings are relevant as they signify the benefit of MSQ v2.1 ePRO
in measuring the patient's migraine experience that is not captured
by measuring monthly migraine headache days alone. The construct
validity of the MSQ domains was further confirmed within the
framework of known groups validity, with the results demonstrating
significant differences between PGI-S levels, and between patients
with <8, and 28 monthly migraine headache days for both RFP and
EF domains. The MSQ v2.1 ePRO was responsive to detect a change
between all domains from the three studies using four anchors of
change over time.
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FIGURE 1 Responsiveness: one-way ANOVA with MSQ v2.1 ePRO (RFR, RFP, and EF) among (A) MIDAS, (B) PGI-S, (C) PGI-I, and (D)
percent change in monthly migraine headache days improvement groups (Baseline to Month 3). p-values for ANOVA all <0.0001. ANOVA,
analysis of variance; EF, Emotional Function; MIDAS, Migraine Disability Assessment; MSQv2.1 ePRO, Migraine-Specific Quality of Life
questionnaire version 2.1 electronic patient-reported outcome; PGI-I, Patient Global Impression of Improvement; PGI-S, Patient Global
Impression of Severity; RFP, Role Function-Preventive; RFR, Role Function-Restrictive; SE, standard error

The MSQ v2.1 ePRO can provide unique information about
the functional and emotional effects of treatment. The meaning-
ful within-patient change threshold is an indirect measure, derived
from the MSQ v2.1 ePRO, and can serve to contextualize the ef-
fects of treatment in clinical studies. Consistent with the US Food
and Drug Administration (FDA) Patient Focused Drug Development

draft guidance on meaningful within-patient change,?® we used both
static and change anchors and provided a range of estimates based
on the 1-point improvement on the PGI-S or “a little better” on the
PGlI-1 and the 2-point improvement on the PGI-S or “much better” on
the PGI-I. The rationale for providing a range, was that an estimate

consistent with a 1-level change may not be conservative enough
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FIGURE 1 (Continued)

and truly meaningful, whereas an estimate consistent with a 2-level
change could be overly conservative for evaluating global improve-
ments, though a meaningful patient-reported anchoring level.*°

For the RFP and EF domains, the derived meaningful within-
patient change thresholds were within the range of observed me-
dian score changes for the 2-level PGI-S and PGI-I anchor groups.

For the RFR domain, a threshold between the 1-level and 2-level

RFP

EF

change groups was derived because the 2-level estimates were po-
tentially overconservative, specifically for the CM population, and
the eCDFs and PDFs show clear separation from the no change and
worsen groups at the derived threshold. In addition, a measurement
of functional restrictions due to migraine is expected to be more
sensitive to the differences between patients with EM and CM as

patients with migraine often choose to continue their daily activities
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FIGURE 2 (Continued)

despite impairment due to their migraine headache attacks.®! The
previously reported threshold for the RFR domain for CM was lower
(17.14; 6-points on the raw scale)“; however, this was derived utiliz-
ing the preferred methods at the time, specifically discriminative cut
point analyses utilizing receiver operating characteristic curves and

Youden Index values in addition to anchor-based methods.
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It should be noted that across all three studies some patients
who reported that they “stayed the same” or had a “worsening” in
their iliness also experienced improvements in domain scores; how-
ever, these improvements were not sizable, and the eCDFs clearly
display that the proportion of these patients is minimal. A lower cor-

relation at baseline between migraine headache days and the RFR
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FIGURE 2 (Continued)

domain was observed, which may suggest that this measure cap-
tures aspects of the migraine experience not captured by migraine
headache days alone, such as interictal burden.

The MSQ v2.1 ePRO is consistent with FDA guidance on the
use of PRO scores in medicinal product development, and is robust
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and appropriate for inclusion in future clinical studies.?®*? The pri-
mary limitation of this work was with regard to generalizability.
Specifically, EVOLVE-1 included patients from the United States
and Canada, and EVOLVE-2 and REGAIN enrolled patients from the
United States (including Puerto Rico) and 12 other countries. Hence,
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FIGURE 2 (Continued)

generalizability of these results to other patient populations outside
of these countries is not known. The patient-reported outcome mea-
sures used in this analysis had various recall periods, for which the
implications to the results are unknown. For example, the recall pe-
riod of migraine days is daily, the MIDAS is 3 months, and the PGI-l is
back to the point of randomization. The ability of a patient to recall
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accurately is surely to be different among those three measures,
affecting how each may perform as an anchor. In addition, global
patient-ratings serve as a suitable anchor to evaluate meaningful
change from the individual perspective; however, have limitations
given the complexity of various context and research has not been
completed specially in patients with migraine (EM and CM) to more
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30

Percent

MSQ V2.1 ePRO RFP Domain Change from Baseline to Month 3

PGI-S Change
3-point Improvement (n=124) — — — 2-point Improvement (n=137)
— - — 1-pointimprovement (n=266) —— — No Change (n=361)
— —-— Worsening (n=112)

(S)

Percent

MSQ V2.1 ePRO EF Domain Change from Baseline to Month 3

PGI-S Change
3-point Improvement (n=224) — — — 2-point Improvement (n=286)
— - — 1-pointImprovement (n=497) —— — No Change (n=470)
— —-—- Worsening (n=129)

L

Percent

MSQ V2.1 ePRO EF Domain Change from Baseline to Month 3

PGI-S Change
3-point Improvement (n=124) — — — 2-point Improvement (n=137)
— - — 1-point Improvement (n=266) —— — No Change (n=361)
— —-— Worsening (n=112)
(W)

FIGURE 2 (Continued)

fully understand how many levels of improvement would be mean-
ingful to patients.*°

CONCLUSION

This study examined the psychometric measurement properties and
meaningful within-patient change thresholds for all three domains

MSQ 2.1 ePRO RFP Domain Change from Baseline to Month 3

PG at Month 3
Very much better (n=118) — — — Much better (n=221) — - — Alittle better (n=311)
—— — No change (n=274) ——-— Worse (n=75)

M

Percent

MSQ V2.1 ePRO EF Domain Change from Baseline to Month 3

PGl-l at Month 3
Very much better (n=390) — — — Much better (n=519) — - — Alittle better (n=440)
—— — No change (n=203) — —-—- Worse (n=54)

V)

30

25

Percent

MSQ 2.1 ePRO EF Domain Change from Baseline to Month 3

PG at Month 3
Very much better (n=118) — — — Much better (n=221) — - — Alittle better (n=311)
—— — No change (n=274) — —-— Worse (n=75)

(X)

of the ePRO version of the MSQ v2.1 instrument using data from
three Phase 3 studies. The findings substantiate the reliability, va-
lidity, and responsiveness of the instrument to measure the impact
of EM and CM on the functional and emotional aspects based on pa-
tient's perspective. The meaningful within-patient change thresh-
olds, ascertained through anchor-based methods supplemented by
eCDFs and PDFs, are appropriate for inclusion in future preventive
migraine clinical studies to evaluate the impact of study drugs on
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FIGURE 2 Empirical cumulative distribution function and probability density function plots: change in MSQ v2.1 ePRO RFR, RFP, and EF
domains. (A) Cumulative distribution function of MSQ v2.1 ePRO RFR domain change from baseline to Month 3 (EVOLVE-1 and EVOLVE-2
studies) by PGI-S. (B) Cumulative distribution function of MSQ v2.1 ePRO RFR domain change from baseline to Month 3 (EVOLVE-1 and
EVOLVE-2 studies) by PGI-I. (C) Cumulative distribution function of MSQ v2.1 ePRO RFR domain change from baseline to Month 3 (REGAIN
study) by PGI-S. (D) Cumulative distribution function of MSQ v2.1 ePRO RFR domain change from baseline to Month 3 (REGAIN study) by

PGI-I. (E) Cumulative distribution function of MSQ v2.1 ePRO RFP domain change from baseline to Month 3 (EVOLVE-1 and EVOLVE-2
studies) by PGI-S. (F) Cumulative distribution function of MSQ v2.1 ePRO RFP domain change from baseline to Month 3 (EVOLVE-1 and
EVOLVE-2 studies) by PGI-I. (G) Cumulative distribution function of MSQ v2.1 ePRO RFP domain change from baseline to Month 3 (REGAIN
study) by PGI-S. (H) Cumulative distribution function of MSQ v2.1 ePRO RFR domain change from baseline to Month 3 (REGAIN study)

by PGlI-I. (I) Cumulative distribution function of MSQ v2.1 ePRO EF domain change from baseline to Month 3 (EVOLVE-1 and EVOLVE-2
studies) by PGI-S. (J) Cumulative distribution function of MSQ v2.1 ePRO EF domain change from baseline to Month 3 (EVOLVE-1 and
EVOLVE-2 studies) by PGI-I. (K) Cumulative distribution function of MSQ v2.1 ePRO EF domain change from baseline to Month 3 (REGAIN
study) by PGI-S. (L) Cumulative distribution function of MSQ v2.1 ePRO EF domain change from baseline to Month 3 (REGAIN study) by
PGI-1. (M) Kernel density plot of MSQ v2.1 ePRO RFR domain change from baseline to Month 3 (EVOLVE-1 and EVOLVE-2 studies) by PGI-S.
(N) Kernel density plot of MSQ v2.1 ePRO RFR domain change from baseline to Month 3 (EVOLVE-1 and EVOLVE-2 studies) by PGI-I. (O)
Kernel density plot of MSQ v2.1 ePRO RFR domain change from baseline to Month 3 (REGAIN study) by PGI-S. (P) Kernel density plot of
MSQ v2.1 ePRO RFR domain change from baseline to Month 3 (REGAIN study) by PGI-I. (Q) Kernel density plot of MSQ v2.1 ePRO RFP
domain change from baseline to Month 3 (EVOLVE-1 and EVOLVE-2 studies) by PGI-S. (R) Kernel density plot of MSQ v2.1 ePRO RFP
domain change from baseline to Month 3 (EVOLVE-1 and EVOLVE-2 studies) by PGI-I. (S) Kernel density plot of MSQ v2.1 ePRO RFP domain
change from baseline to Month 3 (REGAIN study) by PGI-S. (T) Kernel density plot of MSQ v2.1 ePRO RFP domain change from baseline

to Month 3 (REGAIN study) by PGI-I. (U) Kernel density plot of MSQ v2.1 ePRO EF domain change from baseline to Month 3 (EVOLVE-1
and EVOLVE-2 studies) by PGI-S. (V) Kernel density plot of MSQ v2.1 ePRO EF domain change from baseline to Month 3 (EVOLVE-1 and
EVOLVE-2 studies) by PGI-I. (W) Kernel density plot of MSQ v2.1 ePRO EF domain change from baseline to Month 3 (REGAIN study) by
PGI-S. (X) Kernel density plot of MSQ v2.1 ePRO EF domain change from baseline to Month 3 (REGAIN study) by PGI-I. EF, Emotional
Function; MSQv2.1 ePRO, Migraine-Specific Quality of Life questionnaire version 2.1 electronic patient-reported outcome; PGI-I, Patient
Global Impression of Improvement; PGI-S, Patient Global Impression of Severity; RFP, Role Function-Preventive; RFR, Role Function-

Restrictive

Role Function-Restrictions and prevention and EF in patients with

migraine.
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