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Abstract

Background and Objectives As regression approaches have been used more recently to model the effectiveness and health-
related quality of life (HRQOL) of novel migraine treatments, an example is provided for fremanezumab. The objective is
to estimate the distribution of mean monthly migraine days (MMD) as a continuous variable and corresponding migraine-
specific utility values as a function of the MMD, to inform health states in a cost-effectiveness model (CEM).

Methods Three longitudinal regression models (zero-adjusted gamma [ZAGA], zero-inflated beta-binomial [ZIBB], and
zero-inflated negative binomial [ZINBI]) were fitted to Japanese-Korean clinical trial data of episodic (EM) and chronic
migraine (CM) patients treated with fremanezumab or placebo, to estimate MMD over a period of 12 months. The EQ-5D-5L
and the migraine-specific quality-of-life (MSQ), mapped to the EQ-5D-3L, questionnaires were used to measure HRQOL.
Migraine-specific utility values were estimated as a function of MMD using a linear mixed effects model.

Results The ZIBB models fitted the data best in estimating the distribution of mean MMD over time. MSQ-derived values
were more sensitive than the EQ-5D-5L values for the effect of the number of MMD on HRQOL, with higher values for
less MMD and more time on treatment.

Conclusions Using longitudinal regression models to estimate MMD distributions and linking utility values as a function is
an appropriate method to inform CEMs and capture inter-patient heterogeneity. The observed distribution shifts demonstrated
fremanezumab’s effect at reducing MMD for both EM and CM patients, while treatment effect on HRQOL was captured by
MMD and time on treatment.

Plain Language Summary

The current study provides an example of an approach that can be used to estimate the number of migraine days per month
and the quality of life of migraine patients. The outcomes of this approach can give an impression of how well a patient reacts
to a new migraine treatment called fremanezumab. In this study, different mathematical equations were used to measure
the migraine days per month and quality of life over a period of 1 year. The data came from Japanese-Korean patients that
participated in clinical trials. The patients reported the number of days that they had migraine and their quality of life was
measured with two validated questionnaires. With the gathered data, the quality of life was calculated for the number of
migraine days that a patient could have per month. Patients who had the fewest migraine days and were treated the longest
with the new treatment reported the best quality of life. The investigated approach is an appropriate method to measure the
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impact of fremanezumab on the number of monthly migraine days and a patient’s quality of life. The measurements of this
approach can be linked to other parameters in an economic model to estimate the costs required to reach a certain level of

treatment effect with this new migraine treatment.

Key Points for Decision Makers

Longitudinal regression models can be used to estimate
the distribution of the mean monthly migraine days
(MMD) to inform cost-effectiveness analysis, by select-
ing the best-fitting model based on the Akaike informa-
tion criteria and visual inspections.

The distribution shifts compared with baseline between
fremanezumab and placebo demonstrated freman-
ezumab’s effect at reducing MMD for both episodic and
chronic migraine patients.

Patients with fewer MMD and more time on treatment
show a higher health-related quality of life (HRQOL);
The migraine-specific quality-of-life questionnaire is a
suitable tool to capture the HRQOL change related to
MMD reduction compared with the EQ-5D-5L.

1 Introduction

Newly emerging drugs are becoming available for the treat-
ment of migraine but it can be challenging to capture their
effectiveness and impact on health-related quality of life
(HRQOL) due to the widely varying number of monthly
migraine days (MMD) of patients [1]. Longitudinal regres-
sion approaches have recently been used in migraine to
populate decision analytic models. These approaches are
beneficial over conventional methods as they are capable of
modeling MMD as a continuous outcome and thus capturing
the effectiveness of migraine drugs on a patient level [1-3].

Migraine is a neurological condition, characterized by a
throbbing headache, that can be classified as either episodic
migraine (EM) (< 15 monthly headache days [MHD] includ-
ing > 4 MMD) and chronic migraine (CM) (> 15 MHD
including > 8 MMD over the preceding 3 months) [4, 5].
Despite the high prevalence worldwide and the burden on
patients’ daily life, migraine remains underrecognized and
undertreated and there is a significant medical need for treat-
ments designed specifically to prevent migraine. Freman-
ezumab is an investigational calcitonin gene-related pep-
tide monoclonal antibody that has been demonstrated to be
effective in preventing EM and CM [6-8]. As such, freman-
ezumab has been approved in many countries, such as the
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United States, major countries in Europe, and Japan, for the
treatment of migraine [9—11]. However, a decision analytic
model to evaluate the effectiveness and cost effectiveness
of fremanezumab in EM and CM patients is needed. This
cost-effectiveness model (CEM) needs to capture the effect
of fremanezumab on disease severity as observed in clinical
trials. Conventional methods that have been used for mode-
ling the effectiveness of migraine drugs in a CEM consist of
decision tree and Markov model-based approaches that use
health states with predefined ranges of MMD or headache
day frequencies [12—14]. A downside of these approaches
is that they compartmentalize patients that seem to have a
similar response to the treatment or predefined categories of
MMD, which can lead to a loss of information and introduce
bias when the relation between model parameters and the
number of MMD is non-linear in a heterogeneous population
such as migraine patients [1, 2, 15-17].

A suggested approach to estimate clinical efficacy of
fremanezumab in migraine on a patient level is estimating
MMD distributions using parametric modeling techniques
[3, 15, 18]. As such, it is possible to effectively model all
29 potential health states each cycle (assuming 28 days per
month, including 0 MMD) and avoid grouping of patients by
number of MMD. The main advantage of using parametric
models is that health state membership can be estimated with
only a few parameters to drive the statistical distribution.
In contrast, conventional approaches would need numerous
transition probabilities, which can be highly demanding on
the data, and migraine models with many health states can
quickly become unwieldy. Additionally, using a parametric
model described by a mean and standard deviation makes
extrapolating more straightforward and easier to inter-
pret than doing so with numerous transition probabilities.
Although extrapolating data always involves assumptions,
it is more transparent when it concerns a ‘mean value over
time’ rather than ‘many transition probabilities over time’.
Another advantage of modeling MMD as a continuous out-
come is that it allows for other model parameters, such as
utility values, to be linked to the number of MMD on an
individual level [15]. In this way, marginal differences (i.e.,
the difference between a patient with 25 MMD compared
with 26 MMD) can be identified, and therefore the model is
more sensitive to QALY changes and can potentially cap-
ture smaller QALY gains than if the patients were grouped
together and assumed to have the same utility. This has a
benefit on its own as a non-linear association was shown
between decreasing utility values and increasing number of
MMD with a potential ceiling effect [2]. However, linking
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utility values to individual MMD frequencies requires
migraine-specific HRQOL that is sensitive enough to the
MMD distributions.

Therefore, the objective of the current study is to estimate
the MMD distribution as a continuous variable and corre-
sponding migraine-specific utility values as a function of the
MMD to inform health states in a CEM based on Japanese-
Korean clinical trial data.

2 Methods
2.1 Overview

The current study uses patient-level clinical trial data of Jap-
anese-Korean EM and CM patients who were treated with
fremanezumab or placebo [19, 20]. Longitudinal regres-
sion models were used to estimate MMD over a period of
12 months, and the EQ-5D-5L and the migraine-specific
quality-of-life (MSQ) questionnaires were used to measure
HRQOL. The MSQ was mapped to the EQ-5D-3L and the
HRQOL of both questionnaires were correlated to the MMD
and compared with each other. Subsequently, migraine-spe-
cific utility values were estimated as a function of MMD
using a linear mixed effects model. Analyses were performed
in R-statistical software.

2.2 Trial Data

The trial data that was used for estimating MMD and
HRQOL consisted of three sets of Japanese-Korean patient-
level data. The 406-102-00001 and 406-102-00002 trials
included data of CM and EM patients, respectively, gathered
at different time points: baseline (i.e., 1 month prior to trial
initiation), month 1, month 2, and month 3 [19, 20]. Long-
term data was gathered in the 406-102-00003 trial at month
6 and month 12 [21].

The CM and EM clinical trials included 571 and 357
patients, respectively, aged between 18 and 70 years that were
treated with a monthly (675 mg at baseline and 225 mg at
week 4 and week 8) or quarterly dose (675 mg at baseline
and placebo at week 4 and week 8) of fremanezumab or with
placebo over a period of 3 months [19, 20]. The long-term trial
concerned the same population but only included 34 CM and
16 EM patients who were treated with a monthly or quarterly
dose of fremanezumab [21]. More details on the clinical trials
are listed in Table 1 in the electronic supplementary material
(ESM).

For the current study, all available patient and treatment
characteristic variables were extracted from the clinical trials:
age, gender, country, treatment arm, prior migraine medica-
tion use, number of migraine days for each time point, and
HRQOL data measured with the EQ-5D-5L and the MSQ

questionnaires over time. The MMD data from the clinical
trials were normalized to 28 days of data, assuming 28 days
per month. Both the EQ-5D-5L and MSQ data were collected
at baseline, month 3, month 6, and month 12, while the MSQ
was also collected at month 1 and month 2. More details on the
baseline characteristics of the study populations of the clinical
trials are reported elsewhere [19, 20].

2.3 Quality-of-Life Instruments

The EQ-5D-5L is a generic HRQOL preference-based
instrument developed for clinical and economic evaluations
[22], and the MSQ is a disease-specific HRQOL instrument
[23]. The EQ-5D-5L measures five health dimensions:
mobility, self-care, usual activity, pain/discomfort, and
anxiety/depression. Each dimension contains five levels of
responses to reflect the degree of problems patients have
experienced: no problems (level 1), slight problems (level 2),
moderate problems (level 3), severe problems (level 4), and
extreme problems (level 5). The utility values were gener-
ated from the EQ-5D-5L dimension scores in the patient-
level data [24].

The MSQ is designed to measure how migraines affect
and/or limit daily functioning across three domains: role
function-restrictive (RR) (7 items assessing how migraines
limit one’s daily social and work-related activities), role
function—preventive (RP) (4 items assessing how migraines
prevent these activities), and emotional function (EF) (3
items assessing the emotions associated with migraines).
Participants responded to items using a 6-point scale: ‘none
of the time’, ‘a little bit of the time’, ‘some of the time’, ‘a
good bit of the time’, ‘most of the time’, and ‘all of the time’,
which are assigned scores of 1-6, respectively. Raw dimen-
sion scores are computed as a sum of item responses and
rescaled from a 0—100 scale such that higher scores indicate
better HRQOL [23].

2.4 Analyses
2.4.1 Mapping MSQ to EQ-5D-3L

The MSQ does not generate utility values itself. Therefore,
mapping was performed using a regression model to con-
vert MSQ responses to EQ-5D-3L utility values [25]. This
published mapping algorithm was validated for this purpose
and has been used before in the migraine setting [2, 25]. The
EQ-5D-3L is a version of the EQ-5D with dimensions that
only consist of three levels: no problems (level 1), some or
moderate problems (level 2) and severe or extreme problems
(level 3). Whilst mapping-generated utilities would not be
the preferred approach by health technology agencies, map-
ping is an acceptable second-best method when no other
data are available or EQ-5D is not appropriate to measure
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the condition, but should be performed only after sufficient
assessment of the statistical validity [26]. More details on
the mapping function can be found in the Appendix in the
ESM.

2.4.2 Descriptive Analysis

The following MMD and EQ-5D utility value (both raw and
MSQ-derived) characteristics were explored separately for
the EM and CM populations: number of observations, mean,
standard deviation (SD), median, interquartile range (IQR),
minimum and maximum. These characteristics were esti-
mated separately by treatment arm (placebo, fremanezumab
monthly, and fremanezumab quarterly) and by time point.
Histograms were generated to explore the distribution of
EQ-5D scores, both raw and MSQ-derived. The correlation
between MMD and raw EQ-5D-5L was graphically com-
pared with the correlation between MMD and MSQ-derived
EQ-5D-3L values. The HRQOL values that were considered
to be sufficiently sensitive to MMD (i.e., showed most varia-
tion in outcomes across the number of MMD) were used to
build the linear mixed effect models.

2.4.3 Modeling Monthly Migraine Days

Parametric distributions were used to estimate MMD over 12
months separately for EM and CM patients, using the data
from every time point for all arms of the three trials. Three
different statistical distributions were fitted for all patients to
describe the MMD: the zero-inflated beta-binomial (ZIBB),
the zero-inflated negative binomial (ZINBI), and the zero-
adjusted gamma (ZAGA) distribution. The choice of dis-
tributions was guided by previous work that used similar
approaches to model MMD [11, 27].

Zero-inflated distributions allow for the distributions to
have additional weight on the zero value. Preliminary work
showed that without this inflation, zero migraine days would
be severely underrepresented in the modeling. These distri-
butions have been shown to provide reasonable approxima-
tions for the observed distributions of migraine-day count
data over other clinical trials, with a negative binomial
distribution implemented in a recent migraine prophylaxis
CEM [3, 18]. More details on the parametric distributions
are described in the Appendix in the ESM.

The models (i.e., parametric distributions) were fitted
to the data using generalized additive models for location
scale and shape (GAMLSS), using the R package “gamlss”
[28]. GAMLSS allows for separate models for distribution
parameters that describe the respective location, shape, and
scale (e.g., 4, o and v). Due to non-convergence issues with
the random-effects models, fixed-effects models were used.

The following covariates were considered in the models:
treatment group, coded as dummy variables for each treat-
ment arm (e.g., placebo, monthly injection, quarterly injec-
tion); baseline MMD, as a centered variable (placebo data
after baseline was not included for baseline but was used as a
proxy for standard of care); scheduled visits as dummy vari-
ables (for modeling the MMD over time); the interaction of
treatment group with scheduled visit (e.g., month 1, month
2, etc.) coded as dummy variables; additional baseline
stratification factors of interest (age, gender, prior migraine
medication use); and country (to allow for Japan-specific
analyses). Forward and backward selections were used to
determine which coefficients were considered as candidates
for the final model. The summation of the coefficient esti-
mates transformed with the link functions in Table 3 in the
ESM calculated the parameters for each distribution that can
be used to inform the distribution of MMD.

2.4.4 Modeling Utilities

To generate utility values that correspond to the MMD
health states, utilities needed to be modeled as a linear func-
tion of MMD (and other covariates) due to data constraints.
Therefore, the data from both the EM and CM patients,
all time points, and all trial arms were stacked together
to increase the power of the analysis. Since the data was
collected repeatedly over time for the same patient, obser-
vations were correlated between time points, resulting in
non-independence of the data. Therefore, it was necessary
to account for the repeated nature of the data using lin-
ear mixed effects. These models factor in the correlation
between repeated measurements and provide the option to
include fixed- and random-effect terms [29].

The following covariates were considered in the mod-
els: baseline MMD; MMD value at the time of the HRQOL
questionnaire; treatment arm—to allow a separate set
of utilities specific to fremanezumab; scheduled visits as
dummy variables; any additional baseline stratification fac-
tors of interest (age, gender, prior migraine medication use);
and country. Like the MMD models, forward and backward
selections were used to determine which coefficients were
considered as candidates for the final models. An example
specification is presented in the Appendix in the ESM.

2.4.5 Model Selection

For the MMD, model selection was primarily determined
by the generalized Akaike information criterion (AIC) [30].
The AIC is based on the likelihood function with a penalty
term for the number of parameters in the model. The model
with the lowest AIC was preferred. Furthermore, each fitted
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model was compared with the underlying observed data on
visual fit.

For the utilities, the optimal model was defined as the
model which best reflected reality and generated plausible
results (based on external data from the literature [2]). This
meant that the optimal model was selected based on the level
of significance, the magnitude of each estimated coefficient,
and the model’s AIC statistic.

3 Results
3.1 Descriptive Results

In trials 406-102-00001 and 406-102-00003, there were
2431 MMD measurements taken from 600 patients with
CM. In trials 406-102-00002 and 406-102-00003, there were
1495 MMD measurements taken from 370 patients with EM.
In trial 406-102-00003, there were only 15 observations after
6 and 12 months. The distributions of all observed MMD are
displayed in Figs. 1 and 2. The statistical breakdown of these
assessments are reported elsewhere [19, 20].

In all trials combined, there were 1944 complete EQ-
5D-5L measurements from 970 patients that were included
in the utility analyses. The distribution of all EQ-5D-5L
scores is displayed in Fig. 1 in the ESM. There was little
variance in the reported EQ-5D-5L scores, as most scores
were either ~ 0.9 or ~ 1.0. The mean value was 0.905 (SD
0.106) with a minimum-maximum range of 0.144-1.000,
and a median of 0.898 (IQR 0.0860-1.000). A baseline
score was available for all patients. For month 3, there were
883 observations. As only trial 406-102-00003 included
measurements after 6 months and 12 months, the number
of observations for these time points were 46 and 45, respec-
tively. There was no correlation between treatment and EQ-
5D-5L score observed at any of the time points.

There were 3743 MSQ questionnaires completed by 970
patients. In total 970, 910, 889, and 883 observations could
be included in the analyses for baseline, month 1, month 2,
and month 3, respectively. The distribution of MSQ-derived
EQ-5D-3L values are displayed in Fig. 2 in the ESM. As a
result of the mapping algorithm, the mean value was 0.668
(SD 0.144) with a minimum—maximum range of — 0.022
to 0.856, and a median of 0.698 (IQR 0.506-0.778). Utility
values in the treated patients were higher than in the placebo
group. More details on the descriptive statistics of the utility
analysis can be found in Tables 4 and 5 in the ESM.

3.2 Modeling Monthly Migraine Days
Due to small numbers, month 6 and month 12 measure-

ments were excluded from the MMD analyses. The covar-
iates for scheduled visits (baseline, month 2, month 3),
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treatment (quarterly injection, monthly injection), and
interactions between treatment group and scheduled visit
were required for use in an accompanying economic model.
The AIC, the covariates included and excluded in the final
model fits, and their level of significance are listed in
Table 1. The location parameter ‘Mu’ indicated the mean
MMD, with positive values resulting in more MMD and
negative values in fewer MMD. Therefore, the treatment
effect was reflected in the Mu coefficient values, especially
when they were significant (Table 1). Temporal trends were
only observed in time-related parameters (i.e., baseline,
month 2, month 3).

Visual comparison of the models and the observed data
for the CM and EM patients are displayed in Figs. 1 and 2,
respectively. It is shown that over time, the distributions shift
towards lower values of MMD compared with the baseline
for EM and CM patients treated with fremanezumab, while
this shift was less visible in the placebo arms.

Based on the AIC and visual comparisons, the ZIBB dis-
tribution fitted the data best, followed by ZINBI and ZAGA.
The covariate values of the parametric distributions for EM
and CM patients are listed in Tables 6 to 11 in the ESM.

3.3 Modeling Health State Utilities

The variance in MSQ-derived EQ-5D-3L scores (Fig. 2 in
the ESM) is much larger than in the raw EQ-5D-5L data
(Fig. 1 in the ESM), suggesting the former might be more
sensitive to the effect of MMD on HRQOL. This was further
explored with correlations between patients’ HRQOL meas-
ured with the EQ-5D-5L and the MSQ-derived EQ-5D-3L
with the number of MMD (Fig. 3).

The mean HRQOL as measured by the EQ-5D-5L ranged
from 0.963 for 0 MMD to 0.765 for 28 MMD, and by the
MSQ-derived EQ-5D-3L from 0.826 for 0 MMD and 0.512
for 28 MMD (Fig. 3). Therefore, the range was larger for
MSQ-derived EQ-5D-3L values than for raw EQ-5D-5L
values. Furthermore, the decline in EQ-5D scores observed
with MMD 0-14 was steeper with the MSQ-derived utility
values (0.826-0.611) than with the raw EQ-5D-5L scores
(0.963-0.892).

Based on the lowest AIC, the MSQ-derived utility model,
with the covariates baseline MMD, MMD (at the time of
the HRQOL questionnaire), scheduled visits, and country,
fitted the data best and its results are presented in Table 12
in the ESM. The covariates age, gender, and prior migraine
medication were not included in the model as they did not
improve the model’s performance. Furthermore, treatment
arm was also not included in the model, which suggests that
the inclusion of MMD captures the effect of treatment on
HRQOL. The coefficient for MMD is — 0.009, suggesting
that for every day increase in MMD, the HRQOL of patients
decreases. All coefficients for visits are positive (between
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0.047 and 0.070), indicating that the utility values at baseline
were lower than during the trial. Additionally, the higher the
baseline MMD, the lower the HRQOL, even when account-
ing for the current MMD. Lastly, Korean patients had, on
average, a slightly lower HRQOL compared with Japanese
patients (— 0.029).

Figure 4 presents the estimated health-state-specific util-
ity values by scheduled visit when the baseline MMD value
was equal to the average baseline value of all patients in all
three trials (13.05) and the target population was Japanese.

Monthly migraine days
Z1BB —ZINBI —Z7ZAGA

Results of the EQ-5D-5L utility model are listed in Table 13
in the ESM.

4 Discussion
The objective was to estimate the MMD distribution as a
continuous variable and corresponding migraine-specific

utility values as a function of the MMD to inform health
states in a CEM of fremanezumab based on Japanese-Korean
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clinical trial data. The results indicated that the ZIBB mod-
els fitted the data best. Covariates included in the final
model, selected based on significance, were treatment, base-
line MMD, scheduled visit, age, gender, previous medication
use, and country. Due to the small response range in raw
scores, we found that the EQ-5D-5L was unable to detect
an impact of treatment on HRQOL with enough sensitiv-
ity in a heterogenous population such as migraine patients.
Therefore, the MSQ was considered more appropriate to
measure HRQOL in the current patient population. MSQ-
derived EQ-5D-3L values were more sensitive for the effect
of the number of MMD on HRQOL. The covariates that
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were selected for model inclusion were MMD, baseline
MMD, scheduled visit, and country. Including treatment as
a covariate did not improve model performance, indicating
that the effectiveness of fremanezumab on HRQOL could
be fully captured by including MMD as a continuous vari-
able in the linear mixed effects model. We found that higher
utility values were reached if patients had fewer MMD and
more time had passed that they were on treatment.

The longitudinal regression models were capable of
estimating MMD distributions over time that fitted the
observed data well. The distribution shifts compared with
the baseline between fremanezumab and placebo showed
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Fig.3 Mean MSQ-derived EQ-
5D-3L and raw EQ-5D-5L val-
ues separated by the number of 1.0
MMD. MMD monthly migraine
days, MSQ migraine-specific
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that fremanezumab had an effect on reducing MMD for
both EM and CM patients, reconfirming what was already
found in earlier publications [19, 20]. Modeling MMD
as a continuous variable enabled us to estimate the mar-
ginal differences between patients more accurately, as this
approach is more sensitive compared with conventional
methods, whilst requiring less data to power it. A previous
study also concluded that longitudinal regression models
were a valid approach to estimate MMD distributions in
migraine patients over time and highlighted the impor-
tance of model selection in relation to the data [1]. The
study also showed that this approach allows for linking

MMD

other outcomes such as HRQOL to be quantified directly
by estimating it as a function of MMD [1]. This was done
in the current research and it was found that the number of
MMD and time spent on treatment had the most influence
on the utility values. This is in line with the findings of
another study that also modeled utility values as a func-
tion of MMD [2]. Additionally, this study also found mean
utility values for patients with 0-28 MMD at baseline that
were comparable to our results [2]. Our findings could
indicate that the treatment provided to the patients might
have a positive effect on HRQOL. However, this result
should be interpreted with caution, as utility values over

A\ Adis
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Fig.4 Estimated MSQ-derived utility values for each health state,
used for the base-case analysis. A pattern can be seen as the tiles
in the heatmap have the brightest green color (i.e., highest utilities)
in the top right where patients have the least MMD, and more time
has passed that they were on treatment. The tiles in the heatmap
have the darkest red color (i.e., lowest utilities) in the bottom left
where patients have the most MMD and the least time has passed
that they were on treatment. There is also a clear difference in color
(i.e., increase of utility values) between baseline and month 1, where
patients were on treatment. An interruption of this pattern can be seen
between month 3 and month 6, as most data was only available up
until month 3. MMD monthly migraine days, MSQ migraine-specific
quality-of-life questionnaire

time are often better than the baseline, as patients who are
not doing well on treatment are likely to not report their
HRQOL due to the disease. We did not account for this
informative censoring.

A limitation of applying longitudinal regression models
to estimate MMD was that it rests on the assumption that
the data follows a statistical distribution, which we cannot
conclusively prove to be true and could lead to introducing
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bias [1]. Therefore, we tested the model fit to the observed
data by looking at the AIC and visual inspection. Another
limitation was that we did not externally validate our mod-
eled results with clinical experts. However, despite the
importance of validating data, it is less important in the
current research as we did not use the models to interpolate
or extrapolate the outcomes of interest. To make optimal
use of modeling MMD as a continuous variable to inform
health states in decision analytic models, it would also
require patient-level data of other parameters (e.g., HRQOL,
resource use, productivity losses) that could be linked to the
MMD. Especially, given that these parameters are likely to
have a non-linear relationship with MMD and the often lim-
ited availability of patient-level data, the alternative of using
aggregated data would likely introduce bias to the model [1,
2, 17]. Another limitation in relation to the likely non-linear
relationship between HRQOL and MMD was that we were
limited to a linear mixed effects model to estimate utility
values due to data constraints [2]. Therefore, the estimated
health utilities could be slightly under- or overestimated
and should be interpreted with caution. Finally, the UK tar-
iffs used in the mapping algorithm from Gillard et al. were
also considered as a limitation, as we used it to map MSQ
derived values into EQ-5D-3L utilities in a Japanese-Korean
population [25].

A strength of the investigated parametric approach to
estimate MMD was that it is more sensitive than conven-
tional methods, while requiring relatively little data. This
would also make it easy to model the effectiveness of other
migraine drugs in a CEM as well, by using published end-
points such as mean change in MMD (although with the
assumption that the compared study populations are similar)
[1]. Another strength of the current research is that both
efficacy data of fremanezumab and HRQOL measured with
a general and disease-specific questionnaire were available
for the same patient population. This enabled us to com-
pare the accuracy of capturing the HRQOL in relation to the
estimated MMD with the well-established EQ-5D-5L with
a mapped disease-specific questionnaire. The investigated
approach proved that it was capable of modeling MMD-
specific health states and link HRQOL which enabled us to
capture the heterogeneity of patients with different amounts
of MMD.

An implication of the current study is that using longitu-
dinal regression models can be applied in many disease areas
that have continuous data in relation to treatment efficacy
and health states available that are sensitive to inter-patient
heterogeneity. The investigated approach can capture this
heterogeneity and reduces the chance of introducing bias.
Similar regression approaches could be used to estimate dis-
ease progression in HIV/AIDS where health states are based
on cell counts [31] or asthma where the number of health
states are determined by intermediate results that have effect
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on each other [32, 33]. Our results also showed that using
a disease-specific HRQOL questionnaire can sometimes be
more sensitive in capturing the health utilities compared
with the generally accepted EQ-5D-5L, especially in dis-
eases with a paroxysmal nature such as migraine, where the
period of awareness of symptoms can be short. This leads to
higher utility values when using the EQ-5D, compared with
questionnaires with a longer recall period like the MSQ [34].
This is likely not specific to our data as it was confirmed by
two other studies in EM and CM patients that were con-
ducted in the UK [35, 36].

Further research should explore whether other model
parameters that can be linked to MMD can be modeled
as a function of MMD in a linear and or non-linear way.
Furthermore, more research should be focused on whether
disease-specific HRQOL questionnaires are more sensitive
in capturing health utilities compared with the EQ-5D-5L,
especially in heterogeneous diseases.

5 Conclusions

Using longitudinal regression models to estimate MMD
distributions and linking utility values as a function is an
appropriate method to inform CEMs and capture inter-
patient heterogeneity. The distribution shifts demonstrated
fremanezumab’s effect at reducing MMD for both EM and
CM patients. Utility values were higher as patients had fewer
MMD and more time on treatment, indicating fremanezum-
ab’s treatment effect on HRQOL.
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