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Abstract

Objective: To develop a multivariable model assessing factors predicting a second-
dose response to eptinezumab treatment over weeks 13-24 in patients with migraine
initially reporting a suboptimal response over weeks 1-12.

Background: Eptinezumab is a monoclonal antibody used for migraine prevention, ad-
ministered every 12 weeks. In the PROMISE-1 and PROMISE-2 studies, the first-dose
response to eptinezumab treatment (250% monthly migraine day [MMD] reduction
over weeks 1-12) occurred in ~50-60% of patients with episodic (EM) and chronic
migraine (CM), respectively.

Methods: This post hoc analysis included patients with suboptimal first-dose re-
sponse (<50% MMD reduction over weeks 1-12) with EM and CM, with patient-
reported outcome data at weeks 12 and 24. Eptinezumab 100 and 300 mg doses
were pooled.

Results: The analysis included 416/888 patients (46.8%) from PROMISE-1 and
479/1072 patients (44.7%) from PROMISE-2 with suboptimal first-dose response. The
proportion of suboptimal first-dose responders who were second-dose responders
was 37.0% (71/192; eptinezumab) and 33.9% (42/124; placebo) in PROMISE-1 and
28.8% (79/274) and 18.5% (38/205) in PROMISE-2. Significant first-dose predictors of
second-dose response were percent change in MMDs across weeks 1-12 (PROMISE-1,
odds ratio [OR]: 0.97, 95% confidence interval [Cl]: 0.95,0.98, p = 0.0001; PROMISE-2,
OR:0.94, Cl: 0.92,0.96, p < 0.0001) and change in 6-item Headache Impact Test (HIT-
6) total score (PROMISE-2 only, OR: 0.92; Cl: 0.87, 0.98; p = 0.027). In PROMISE-1,
the probability of second-dose response ranged from 21.7% in patients with first-
dose 0% MMD change to 56.0% in patients with first-dose 45% MMD reduction.

Abbreviations: Cl, confidence interval; CM, chronic migraine; eDiary, electronic diary; EM, episodic migraine; EQ-5D-5L VAS, EuroQol 5-Dimensions 5-Levels visual analog scale; HIT-6,

6-item Headache Impact Test; MMD, monthly migraine day; OR, odds ratio; PE, parameter estimate; PGIC, Patient Global Impression of Change; PI-MBS, patient-identified most
bothersome symptom; SF-36, 36-item Short-Form Health Survey.
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In PROMISE-2, depending on HIT-6 total score, probability of second-dose response
ranged from 5.9-12.1% in patients with first-dose 0% MMD change to 54.2%-72.3%
in patients with first-dose 45.0% MMD reduction.

Conclusion: Individuals with migraine not experiencing 250% MMD response to their
first dose of eptinezumab may benefit from a second dose.
KEYWORDS
chronic migraine, episodic migraine, eptinezumab, PROMISE-1, PROMISE-2, response
INTRODUCTION METHODS
Patients with episodic (EM) and chronic migraine (CM) and their Study design

treating healthcare providers face complex treatment decisions.
Individuals with migraine experience migraine-related disability and
reduced quality of life, with impacts worsening with increasing mi-
graine frequency.?® Reducing the frequency of migraine attacks is a
key goal of preventive treatment. Close to 40% of individuals with
EM, and all of those with CM, are considered candidates for pre-
ventive migraine treatment™; however, factors predicting patient
response to preventive treatments have not been fully identified.
Thus, patients and healthcare providers often rely on observation
over time and trial and error to optimize treatment.! In particular, as-
sessing the response to preventive treatment such as the calcitonin
gene-related peptide (CGRP)-inhibitors may take 3-6 months, with
emerging evidence suggesting that a patient's response to a first
dose may differ from response to subsequent doses, with improve-
ments possible.!

Eptinezumab is an anti-CGRP monoclonal antibody approved for
the preventive treatment of migraine, administered in doses of 100
or 300 mg by intravenous (iv) infusion every 12 weeks. The phase
3 PROMISE-1 and PROMISE-2 studies assessed the efficacy and
safety of eptinezumab in patients with EM and CM, respectively,
administered every 12 weeks.>® In both studies, the first dose of ep-
tinezumab led to reductions in mean monthly migraine days (MMDs)
over weeks 1-12.>¢ A 50% reduction in migraine days relative to
baseline is generally considered to be a positive response to treat-
ment and a useful benchmark in both clinical trials and practice.7 In
both studies, treatment response, defined as an at least 50% reduc-
tion in MMDs, occurred in ~50%-60% of patients treated with ep-
tinezumab over weeks 1-12.% In addition, this treatment response
was observed on day 1 after dosing and was sustained across the
entire treatment period.8

The objective of this post hoc analysis of PROMISE-1 and
PROMISE-2 data was to develop a multivariable prediction model to
assess which factors among patients with migraine without an initial
clinical improvement in response to treatment (defined as a <50%
MMD response to a first eptinezumab infusion) predict a 250%
MMD response to a second eptinezumab infusion. These results
can inform expectations and guide treatment decisions for patients
with a less than optimal response to their first preventive migraine
treatment.

PROMISE-1 and PROMISE-2 were both phase 3, multicenter stud-
ies, and both had a double-blind, randomized, placebo-controlled,
parallel-group design, with the full methods for both studies pub-
lished previously.>® Both studies were approved by independent
ethics committees or institutional review boards for each study
site. All clinical work was conducted in compliance with cur-
rent Good Clinical Practices as referenced in the International
Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use guidelines, local
regulatory requirements, and the principles of the Declaration
of Helsinki. All patients enrolled in the study provided written
informed consent prior to participation, and both studies are
registered on ClinicalTrials.gov (NCT02559895 [PROMISE-1];
NCT02974153 [PROMISE-2]). In brief, the PROMISE-1 study en-
rolled adults aged 18-75 years diagnosed with migraine at or be-
fore age 50 years and with a history of migraine for at least 1 year
that included fewer than 15 headache days per month and at least
4 migraine days per month in the 3 months before screening.
Following a 4-week screening period, patients were randomized
in a 1:1:1:1 ratio to receive up to four treatments of eptinezumab
30, 100, or 300 mg, or placebo, administered intravenously on
day 0, week 12, week 24, and week 36, with 12 scheduled visits
(screening day and weeks 4, 8, 12, 16, 20, 24, 28, 36, 48, and 56).
The 56 weeks were divided into a fully blinded primary efficacy
and safety period (through week 24) and a long-term safety pe-
riod (through week 56). The PROMISE-2 study enrolled adults aged
18-65 years diagnosed with migraine at <50 years of age who had
a history of CM for 21 year before study screening that included
between 15 and 26 headache days and at least 8 migraine days
during the 28-day screening period. Following a 4-week screening
period, patients were randomized in a 1:1:1 ratio to receive eptin-
ezumab 100 mg, eptinezumab 300 mg, or placebo, administered
intravenously on day 0 and at week 12, where the total study dura-
tion was 32 weeks, with 10 scheduled visits (screening, day 0, and
weeks 2, 4, 8,12, 16, 20, 24, and 32).° In both studies, change from
baseline in MMDs over weeks 1-12 was the primary efficacy end-
point, and proportion of patients with >50% reduction in MMDs
was a key secondary endpoint.
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Outcome measures

Patients completed a daily headache electronic diary (eDiary) to docu-
ment headache and migraine and completed several well-validated
patient-reported outcome instruments from the time of screening
through week 48 (PROMISE-1) and week 24 (PROMISE-2). Two ge-
neric health-related quality of life instruments were completed in both
PROMISE-1 and PROMISE-2: the 36-item Short-Form Health Survey
(SF-36, v2.0)9 and the EuroQol 5-Dimensions 5-Levels visual analog
scale (EQ-5D-5L VAS).° The Patient Global Impression of Change
(PGIC)'! and patient-identified most bothersome symptom (Pl-
MBS)*2 measures were completed in the PROMISE-2 study only. In ad-
dition, patients in PROMISE-2 completed the 6-item Headache Impact
Test (HIT-6, v1.0),13’14 which measures the impact of headaches on
daily function and has been validated across EM and CM populations.
HIT-6 scores range from 36-78, with an at least 6-point decrease in
score considered meaningful to patients with CM.Y®> Normalization
was used to address missing migraine data in the primary efficacy
analysis. If the eDiary was completed for 21 days out of a 4-week in-
terval, the observed frequency was normalized to 28 days by multiply-
ing by the inverse of the completion rate. If the eDiary was completed

for <21 days of a 4-week interval, the results were calculated as a
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weighted function of the observed data for the current interval and
the results from the previous interval, with the weight proportional to

how many days the eDiary had been completed.

Post hoc analysis

The current post hoc analysis was limited to patients who were
suboptimal responders over weeks 1-12 and who had patient-
reported outcome data available at weeks 12 and 24. Suboptimal
responders were defined as patients with a <50% reduction from
baseline in MMDs over weeks 1-12; responders were defined
as patients with a 250% reduction from baseline in MMDs over
weeks 1-12. Data from the two studies were analyzed separately.
For each study, data from the eptinezumab 100 and 300 mg dose
arms were pooled. The eptinezumab 100 and 300 mg doses have
generally similar efficacy and safety profiles, and are expected to
behave similarly, with pooling the populations providing a larger
sample size for increased precision of estimation. Specifically, the
50% responder rate for 300 mg increased from the first to the
second infusion by 9.0% and 2.6% for PROMISE-1 and -2, respec-
tively, and for 100 mg by 12.2% and 3.4% (Figure 1). Data for the
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FIGURE 1 Percentage of patients with 250% migraine response by weeks 1-12 and weeks 13-24 and treatment group in (A) PROMISE-1
(episodic migraine) and (B) PROMISE-2 (chronic migraine) [Color figure can be viewed at wileyonlinelibrary.com]
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eptinezumab 30 mg treatment arm were not included in the pooled
population as it was only utilized in the PROMISE-1 study and is
not an approved dose. The following clinically helpful or common
practice endpoints, measured over weeks 1-12, were assessed as
potential predictors of response status over weeks 13-24, using

300 ~ T
250 -
200 ~
150 -
100 -

(infusion 2 — infusion 1)

Difference in % change from baseline

PROMISE-1 PROMISE-2

FIGURE 2 Difference in monthly migraine days between
infusion 1 (weeks 1-12) and 2 (weeks 13-24) for infusion 1 non-
responders by study (PROMISE-1, episodic migraine; PROMISE-2,
chronic migraine). MMD, monthly migraine days [Color figure can
be viewed at wileyonlinelibrary.com]

logistic regression analysis: percent change in MMDs, change in
SF-36 scale scores, change in EQ-5D-5L VAS, and change in per-
cent of severe pain headache. In addition, the following were eval-
uated for PROMISE-2 only: change from baseline in HIT-6 total
score, change in PGIC, and change from baseline in severity of
PI-MBS. The full model included all potential predictor variables
at week 12/weeks 1-12. A stepwise procedure was used to iden-
tify parameters. The stepwise selection procedure used 5% entry
and 10% retention criteria. Values of p are two-sided, with values
below 0.05 considered significant. All analyses were conducted
with SAS software (SAS Institute, Inc, Cary, NC) version 9.2 or
higher.

TABLE 2 Probability of second-infusion 250% MMD response
based on first-infusion predictors in the PROMISE-1 study (EM)

Infusion 1 predictor Infusion 2 response probability

Probability of

Percent change in 250% MMD 95% confidence
MMDs response interval

0% 21.7% 14.1%, 32.0%
-5% 24.8% 17.2%, 34.3%
-15% 31.6% 24.4%, 39.7%
-25% 39.3% 32.2%,46.9%
-35% 47.6% 39.1%, 56.2%
-45% 56.0% 44.9%, 66.6%

Abbreviations: EM, episodic migraine; MMD, monthly migraine day.

TABLE 1 Potential first-infusion predictors of second-infusion 250% MMD response in patients who had a <50% MMD response across
weeks 1-12, using full logistic regression analysis (eptinezumab 100 and 300 mg treatment groups, pooled data)

PROMISE-1 (EM)

PROMISE-2 (CM)

Infusion 1 predictor at week 12/over  Odds ratio (95% Parameter
weeks 1-12 Cl) estimate
Percent change in MMDs 0.97 (0.95, 0.98) -0.03
Change in HIT-6 total score N/A N/A
PGIC N/A N/A
Change in SF-36 bodily pain 1.04 (0.99, 1.10) 0.04
Change in SF-36 mental health 0.99 (0.94, 1.05) -0.01
Change in SF-36 role-emotional 0.96 (0.91, 1.01) -0.04
Change in SF-36 role-physical 1.01(0.95, 1.07) 0.01
Change in SF-36 social functioning 1.00 (0.95, 1.05) -0.001
Change in SF-36 vitality 1.04(0.98,1.11) 0.04
Change in EQ-5D-5L VAS 1.00(0.97, 1.03) -0.002
Change in percent of headaches with 1.02(1.00, 1.03) 0.02

severe pain

Parameter
p-value QOdds ratio (95% Cl) estimate p-value
0.0001 0.94 (0.92,0.96) -0.06 <0.0001
N/A 0.92 (0.86, 0.99) -0.08 0.027
N/A 1.50(0.84, 2.69) 0.41 0.170
0.113 1.00 (0.95, 1.05) -0.004 0.859
0.796 0.99 (0.93, 1.04) -0.01 0.625
0.115 1.00 (0.95, 1.04) -0.003 0.882
0.772 0.98(0.93, 1.04) -0.02 0.544
0.958 1.00 (0.95, 1.05) -0.002 0.950
0.188 0.99 (0.93, 1.05) -0.01 0.686
0.888 1.01 (0.99, 1.03) 0.01 0.427
0.031 0.99 (0.97, 1.00) -0.02 0.098

Abbreviations: Cl, confidence interval; CM, chronic migraine; EM, episodic migraine; EQ-5D-5L VAS, EuroQol 5-Dimensions 5-Levels visual analog
scale; HIT-6, 6-item Headache Impact Test; N/A, not applicable (i.e., instrument not captured in PROMISE-1); PGIC, Patient Global Impression of
Change; PI-MBS, patient-identified most bothersome symptom; MMD, monthly migraine day; SF-36, 36-item Short-Form Health Survey (v2.0).
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RESULTS
Second-dose responders

A total of 416 patients (46.8% of treated participants) with EM
(PROMISE-1) and 479 patients (44.7% of treated participants) with CM
(PROMISE-2) had a suboptimal <50% MMD response across weeks

TABLE 3 Probability of second-infusion 250% MMD response
based on first-infusion predictors in the PROMISE-2 (CM) study

Infusion 1 predictor Infusion 2 response probability

Percent Probability of

changein  ChangeinHIT-6  250% MMD 95% confidence
MMDs total score response interval

0% 0 5.9% 3.0%,11.3%
0% -6 9.1% 4.8%, 16.8%
0% -10 12.1% 5.9%,23.1%
-5% 0 8.0% 4.4%,13.9%
-5% -6 12.2% 7.1%, 20.3%
-5% -10 16.1% 8.7%,27.7%
-15% 0 14.3% 9.3%,21.2%
-15% -6 21.1% 14.7%, 29.5%
-15% -10 26.9% 17.5%, 39.0%
-25% 0 24.2% 17.6%, 32.4%
-25% -6 34.0% 26.9%,41.9%
-25% -10 41.4% 30.8%, 52.9%
-35% 0 38.1% 28.7%,48.4%
-35% -6 49.7% 41.3%, 58.2%
-35% -10 57.6% 46.3%, 68.2%
-45% 0 54.2% 41.1%, 66.7%
-45% -6 65.6% 54.8%, 75.0%
-45% -10 72.3% 60.4%,81.7%

Abbreviations: CM, chronic migraine; HIT-6, 6-item Headache Impact
Test; MMD, monthly migraine day.

1-12 and had patient-reported outcome data available at weeks 12
and 24. In patients with EM, the proportion of suboptimal respond-
ers to the first eptinezumab infusion across weeks 1-12 who were
responders to the second eptinezumab infusion across weeks 13-24
was 38.0% (38/100), 37.6% (38/101), and 36.3% (33/91) with eptine-
zumab 30, 100, and 300 mg, respectively, and was 37.0% (71/192) for
the pooled eptinezumab 100 and 300 mg doses. The corresponding
rate with placebo was 33.9% (42/124). In patients with CM, the pro-
portion of suboptimal responders to the first eptinezumab infusion
across weeks 1-12 who were responders to the second eptinezumab
infusion across weeks 13-24 was 28.7% (41/143), and 29.0% (38/131)
with eptinezumab 100 and 300 mg, respectively, and was 28.8%
(79/274) for the pooled eptinezumab dose levels. The correspond-
ing rate with placebo was 18.5% (38/205). The median additional de-
crease in patients treated with eptinezumab in MMDs post second
infusion (weeks 13-24) was 13.9% (mean = 13.3%) for patients with
EM and 6.5% (mean = 7.9%) for patients with CM; thus, 25% of those
non-responders after the first dose saw an additional decrease of over
25% (38.2% and 26.7%, respectively) (Figure 2). The HIT-6 responder
rate (26-point score decrease) at week 12 in patients with CM overall
was 47.2% (168/356) and 56.0% (196/350) with eptinezumab 100 and
300 mg, respectively, and was 36.3% (133/366) with placebo. In sub-
optimal first-dose responders, the HIT-6 responder rate at week 12
was 22.5% (34/151) and 29.6% (40/135) with eptinezumab 100 and
300 mg, respectively, and was 23.4% (52/222) with placebo.

First-dose predictors of second-dose response

The full logistic regression analysis (model including all possible
predictors) of pooled data from the eptinezumab 100 and 300 mg
treatment groups demonstrated that percent change in MMDs
across weeks 1-12 was a significant first-infusion predictor of
second-infusion 250% MMD response in patients with EM and
CM; change in HIT-6 total score, which was assessed only in pa-
tients with CM, was an additional significant first-dose predictor

80%

70%

60%

50%

40%

30%

response over weeks 13-24

20%

Predicted probability of 250% migraine

10%

0% -

T

(50%) (40%)

T

(30%)

T T T

(20%) (10%) 0%

Percent reduction in MMDs over weeks 1-12

FIGURE 3 Probability (with 95% confidence interval) of second-infusion (weeks 13-24) 250% monthly migraine day response based on
first-infusion (weeks 1-12) predictors in the PROMISE-1 study (episodic migraine). EM, episodic migraine; MMD, monthly migraine days

[Color figure can be viewed at wileyonlinelibrary.com]
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of second-infusion response (Table 1). Thus, the final stepwise lo-
gistic regression analysis included one predictor for patients with
EM (percent change in MMDs, odds ratio [OR]: 0.97; 95% confi-
dence interval [CI]: 0.95, 0.98; parameter estimate [PE]; -0.03;
p < 0.0001) and two predictors for patients with CM (percent
change in MMDs, OR: 0.94; CI: 0.92, 0.96; PE: -0.07; p < 0.001)
and change in HIT-6 total score (OR: 0.92; Cl: 0.87,0.98; PE: -0.08;
p =0.007).

Probability of second-dose response based on first-
dose predictors

Stepwise modelling results of probability of second-dose response
based on first-dose predictors in patients with EM and CM are
shown in Tables 2 and 3, respectively, and are presented graphi-
cally in Figures 3 and 4. The modelling equations can be found in

Supplement 1 in the Supporting Information.
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FIGURE 4 Probability (with 95% confidence interval) of second-infusion (weeks 13-24) 250% monthly migraine day response based
on first-infusion (weeks 1-12) predictors in the PROMISE-2 study (chronic migraine), for (A) 6-item Headache Impact Test (HIT-6) change
=0, (B) HIT-6 change = -6, (C) HIT-6 change = -10. CM, chronic migraine; MMD, monthly migraine days [Color figure can be viewed at

wileyonlinelibrary.com]
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DISCUSSION

The PROMISE-1 and PROMISE-2 studies assessed eptinezumab
treatment for patients with EM and CM, respectively. A key
secondary endpoint in both studies was the proportion of pa-
tients who had a 250% reduction in MMDs over weeks 1-12.
Approximately 50-60% of patients with EM and CM responded
to the first dose of eptinezumab with a 250% MMD reduction.>¢
Healthcare providers and their patients in everyday clinical prac-
tice may want to know the likelihood of response with a second
dose of eptinezumab for patients with initial suboptimal response
to a first dose of eptinezumab. In this post hoc analysis of pooled
eptinezumab 100 and 300 mg dose data from the PROMISE-1
(EM) and PROMISE-2 (CM) studies, among patients who did not
respond with a 250% MMD reduction to their first eptinezumab
infusion, about one-third (37.0% of those with EM and 28.8% of
those with CM) were 250% MMD responders to their second ep-
tinezumab dose. Percent change in MMDs was demonstrated to
be a significant first-dose predictor of second-dose response for
individuals with EM, and percent change in MMDs and change in
HIT-6 total score (assessed in PROMISE-2 only) were shown to be
significant first-dose predictors of second-dose response for pa-
tients with CM.

To help patients and their healthcare providers make collabora-
tive, individualized treatment decisions, easy-to-use reference ta-
bles were generated showing the likelihood of response according
to first-dose predictors. For patients with EM who experience no
change in MMDs in response to the first dose, the probability of
having a 250% MMD response to a second dose was approximately
20%. Hence, even patients with no change in MMD after their first
dose have a one-in-five chance of responding to a second dose
of eptinezumab. The probability of being a 250% MMD responder
to the second dose increases to about 60% as a patient's percent
change in MMDs after the first dose nears 50%. For patients with
CM who experience no change in MMDs in response to the first
dose, depending on change in HIT-6 total score, the probability of
having a 250% MMD response to a second dose was approximately
5%-10% and increased to about 60%-80% as a patient's percent
change in MMDs after the first dose nears 50%. Although the out-
comes were dichotomized into response and suboptimal response
according to a 250% MMD reduction, real-life outcomes with mi-
graine are not binary and patients may consider a lower MMD re-
duction meaningful, particularly if coupled with improvements in
patient-reported outcomes measuring quality of life or disability. In
addition, we do not have data on pain intensity scores, or change in
response to acute migraine abortive medications, which may also
be relevant to patients’ perception of benefit.

This post hoc analysis has several potential limitations. The anal-
ysis was conducted with no placebo adjustment, and performed
under the assumption that patients treated with eptinezumab in
the real world would respond similarly to those treated with epti-

nezumab in the clinical trial setting. Indeed, a marked proportion of

patients in the placebo group who had a <50% MMD response to
their first treatment were 250% MMD responders to their second
placebo dose, especially in patients with EM (PROMISE-1, 33.9%;
PROMISE-2, 18.5%). Patient expectations of a novel treatment, the
amount of patient contact with migraine care experts throughout
the trials, and the high percentage of patients in both trials receiv-
ing treatment rather than placebo may have contributed to the high
placebo response.62! PROMISE-1 and PROMISE-2 were fixed-dose
studies; thus the potential effects of dose adjustment on likelihood
of second-dose response could not be assessed in this post hoc
analysis.

CONCLUSION

Individuals with migraine who do not experience a 250% MMD re-
sponse to their first dose of eptinezumab may benefit from a sec-
ond dose of eptinezumab. For patients with EM or CM who have no
change in MMDs after their first eptinezumab dose, the likelihood
of having a 250% MMD response to a second dose is approximately
20% and 5-10%, respectively, and the likelihood increases with in-
creasing percent change in MMDs after the first dose. Easy-to-use
reference tables can aid collaborative decision-making for patients
with migraine and their healthcare providers.
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