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Abstract

Background: Migraine is a common and incapacitating condition, with severe impact on the quality of life (Qol) of
the afflicted and their families, and negative economic consequences through decreased workforce participation,
reduced functional ability and elevated healthcare costs. This study aimed to describe the economic consequences
of migraine in Sweden using cost of illness survey data and, based on this data, assess the cost-effectiveness of
onabotulinumtoxinA (Botox) for the treatment of chronic migraine in Sweden and Norway.

Methods: A survey study was conducted in Swedish migraine patients, with questions on patient characteristics,
headache frequency and severity, effect on daily activities and work, Qol, health resource utilization, and
medication use. Resulting costs were estimated as annual averages over subgroups of average monthly headache
days. Some results were used to inform a Markov cost-effectiveness chronic migraine model. The model was
adapted to Sweden and Norway using local data. The analysis perspective was semi-societal. Results’ robustness
was tested using one-way, structural, and probabilistic sensitivity analyses.

Results: Results from the cost of illness analysis (n = 454) indicated a clear correlation between decreased QoL and
increased costs with increasing monthly headache days. Total annual costs ranged from EUR 6221 in patients with
0-4 headache days per month, to EUR 57,832 in patients with 25-31. Indirect costs made up the majority of costs,
ranging from 82% of total costs in the 0-4 headache days group, to 91% in 25-31 headache days. The cost-
effectiveness analyses indicated that in Sweden, Botox was associated with 0.223 additional QALYs at an additional
cost of EUR 4126 compared to placebo, resulting in an incremental cost-effectiveness ratio (ICER) of EUR 18,506. In
Norway, Botox was associated with 0.216 additional QALYs at an additional cost of EUR 4301 compared to placebo,
resulting in an ICER of EUR 19,954,
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migraine in Sweden and Norway.

Conclusions: In people with migraine, an increase in monthly headache days is clearly related to lower QoL and
higher costs, indicating considerable potential costs-savings in reducing the number of headache days. The main
cost driver for migraine is indirect costs. Botox reduces headache days and is a cost-effective treatment for chronic

Keywords: Migraine, Headache, onabotulinumtoxinA, Botox, Cost-effectiveness, Cost of illness, Burden

Background

Migraine is a chronic, neurologic headache disorder
characterised by recurrent attacks of varying intensity,
duration and symptoms. In addition to headache and
pain, symptoms frequently include deterioration of phys-
ical functions, nausea, vomiting, and sensitivity to light
and sounds. A migraine attack typically lasts from 4 to
72 h if left untreated [1]. In the adult Swedish population
17% of women and 10% of men suffer from migraine [2].
Similarly in Norway, the corresponding is approximately
15% of women and 7% of men [3].

Migraine is an incapacitating disease with a substantial
quality of life (QoL) loss and economic burden. The lat-
ter partially through increased healthcare costs, but
mainly due to lost productivity and reduced functioning.
Migraine-related productivity loss consists of both ab-
senteeism and decreased productivity while on the job
(presenteeism). Previous studies have shown a clear rela-
tionship between the number of headache days and in-
creased costs and decreased QoL [4—10]. For example, a
recent Italian study showed that the direct annual cost
of CM patients is 4.8 times higher than the cost of EM
patients [11]. Despite the high prevalence and the appar-
ent and substantial burden, few current health economic
studies have explored the real-world impact of migraine
and headaches in the Nordics. The Eurolight study —
conducted over a decade ago — estimated the cost of
headaches in the European Union (EU) to EUR 173 bil-
lion annually. Migraine accounted for 64% of the cost,
with indirect costs comprising 90% of the total [12]. A
Swedish survey study found that increased monthly mi-
graine days are associated with significant QoL losses
and cost increases, with productivity losses comprising
the vast majority (80%) of the total [13]. The study iden-
tified potential for significant QoL improvement and
cost decreases related to the reduction of migraine days.

Pharmaceutical treatments for migraine in Sweden
and Norway include acute medications for symptom re-
lief during migraine attacks and prophylactic medica-
tions intended to prevent and reduce severity of future
attacks. Acute medications include analgesics, as well as
triptans, antiemetics and ergotamine [1, 14, 15].

Prophylactic treatment is considered for patients with
frequent or severe migraine attacks, despite acute treat-
ment. For first choice of prophylactic treatment, beta-

blockers are recommended, while other alternatives in-
clude antiepileptics, antidepressants, angiotensin 2
blockers or ACE inhibitors, calcium antagonists,
angiotensin-II receptor inhibitors or Onabotulinumtox-
inA (Botox).

Botox is indicated in both Sweden and Norway for
symptom relief in adults fulfilling criteria for chronic mi-
graine (CM) in patients who have responded inad-
equately or are intolerant of prophylactic migraine
medications [16]. CM is defined as >3 months of head-
aches occurring on >15days per month, of which =8
days are with migraine [17]. In Sweden, Botox is reim-
bursed according to its approved migraine indication. In
Norway, Botox is reimbursed for CM in patients who
previously tried a beta-blocker (propranolol, metoprolol
or atenolol) and topiramate.

Calcitonin gene-related peptide (CGRP) inhibitors ere-
numab (Aimovig), galcanezumab (Emgality) and frema-
nezumab (Ajovy) are indicated for prevention of
migraine in adults with at least four migraine days per
month in both Sweden and Norway. In Sweden, erenu-
mab and fremanezumab are reimbursed in patients with
CM who have responded insufficiently or are intolerant
to at least two prophylactic migraine treatments. Galca-
nezumab is not available in Sweden. In Norway, erenu-
mab, fremanezumab and galcanezumab are reimbursed
for CM in patients who have responded insufficiently or
are intolerant to at least three different classes of
prophylactic migraine treatments.

Several clinical and real-world studies have shown that
treatment with Botox reduces the number of headache
days in patients with CM as well as days absent from
work and school [18-21]. The safety and efficacy of
Botox in CM in adult patients was evaluated in random-
ized, double-blind, placebo-controlled clinical trials
PREEMPT 1 and 2: Phase 3 REsearch Evaluating Mi-
graine Prophylaxis Therapy (PREEMPT) - the largest
clinical program investigating the use of Botox as
prophylactic treatment for CM [18]. International, multi-
centre, open-label long-term prospective study COMPEL
(The Chronic Migraine OnabotulinumtoxinA Prolonged
Efficacy open Label) provided additional clinical evi-
dence of efficacy and long-term safety and tolerability
[22]. European, open-label, multicentre, prospective,
noninterventional study REPOSE provided evidence of a
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sustained reduction in headache-day frequency and sig-
nificant improvements in QoL in CM patients treated
with Botox [23].

While previous cost-effectiveness (CE) analyses of
Botox in chronic migraine have been conducted in the
United Kingdom (UK) [24, 25] and Italy [26] there is a
lack of Nordic CE studies. CE outcomes are highly
dependent on country specific factors such as e.g. na-
tional health system, clinical practice and local cost and
utility data. Therefore, previous European CE studies are
inadequate for drawing conclusions on the Nordic situ-
ation. This study described the economic consequences
of migraine in Sweden using cost of illness (COI) survey
data. Additionally, results from the COI study were used
to populate a CE analysis to assess the CE of Botox for
the treatment of CM in Sweden and Norway.

Methods

Cost of illness survey

A survey was conducted May — June 2018 among Swed-
ish individuals suffering from headaches and migraine.
All members of the Swedish patient association Huvud-
varksforbundet (“the Headache Association”) were in-
vited to participate in an online survey by email, in
collaboration with the association [27]. The purpose of
establishing a sample population using a patient organ-
isation was to reach patients with diagnosed migraine
who are likely to provide reliable answers to survey
questions. Huvudvarksforbundet encourages their mem-
bers to use migraine diaries, further reducing the likeli-
hood of recall bias. The most plausible option to obtain
these types of data on a patient level while capturing the
burden over different severity levels is to ask patients
directly. Sourcing e.g. resource use from the literature
would have likely only captured the most severe patients.
However, an intrinsic issue with purposive sampling
using patient organisations is the risk that the patient
sample differs from the general migraine population.
This risk was handled by consulting Swedish and Nor-
wegian clinicians, who confirmed that the sample corre-
sponded well to general migraine populations. The
survey contained patient characteristics questions such
as headache diagnosis, sex, and year of birth; headache
frequency and severity; questions regarding the effect of
headache on daily activities and work, quality of life re-
lated questions such as the EuroQol visual analogue
scale (EQ-VAS), and questions regarding health resource
utilization and medication use. Questions on headache
frequency, severity and effect on daily activities and work
were based on the Migraine Disability Assessment
(MIDAS) questionnaire [28]. The survey was initiated
with a screening question to ensure that all respondents
suffered from some type of headache. Patients were se-
lected for study inclusion on the basis they had a
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migraine diagnosis. Survey participants were grouped ac-
cording to average number of headache days per month
(0—4 days, 5-9 days, 10—14 days, 15-24 days and 25-31
days) and results were presented for each group. This
categorisation enables analyses in subgroups of patients
with episodic and chronic migraine, with evenly distrib-
uted categories of 5 days. The reason for using headache
days rather than migraine days was threefold. Firstly, mi-
graine often presents with both migraine days and head-
ache days; with migraine being the disease and different
types of headaches being the symptoms. Secondly, it is
not always possible for patients to distinguish between
headache and migraine days. And thirdly, the primary
endpoint in the pivotal trials for Botox in patients with
CM was the number of headache days per month.

Direct and indirect costs were estimated separately.
Direct costs included costs of health resource use and
the cost of preventive and acute pharmaceutical head-
ache treatments. The survey requested the number of
hospitalizations and number of planned or acute visits to
a specialist clinic or a primary health care centre (“Vard-
central”) in the last 3 months. The average number of
visits per monthly headache days group were multiplied
with the per-visit cost sourced from the Swedish South-
ern Health Care Region’s (“Sodra sjukvérdsregionen”)
pricelist, and then multiplied by four to obtain annual
costs. Refer to Table 1 for the unit costs. Pharmaceutical
treatment costs were estimated using price per defined
daily dose (DDD) for each reported treatment. Patients
on preventive treatment were assumed to use the treat-
ment for 1 year. Acute treatments were assumed to be
used for as many days as the respondent reported head-
ache days.

Indirect costs were estimated based on MIDAS as the
value of lost production due to absenteeism and present-
eeism using the Swedish average hourly wage including
employer contributions [37, 38]. Absenteeism — e.g. be-
ing absent from work or school — was costed using the
daily average wage for each day the respondent was not
present. Presenteeism was costed using 50% of the daily
average wage for each respondent indicated day of work-
ing at reduced ability due to headache. This is a conser-
vative approach, as the survey question related to
presenteeism requested an indication of number of days
present at work or school but performing at half or
lower capacity due to headache. Foregone household
work was costed using a Swedish estimate of the value
of spare time (EUR 11.18 per hour) sourced from the
Swedish Transport Agency (“Tranmsportstyrelsen”) [39],
inflated and converted to EUR 2019 using Consumer
Price Index (CPI) from Statistics Sweden [42] and
European Central Bank (ECB) 2019 average annual SEK/
EUR exchange rate [44]. It was assumed that 4 h per day
were spent on household work on days unaffected by
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Table 1 Unit costs (EUR 2019)
Type Sweden Norway
Cost (EUR) Source Cost (EUR) Source
Treatments
Botox (PSP) 347 [29] 335 [30]
Placebo - - - -
Administration
Neurology consultant appointment 279 [31] 248 [32]
Specialist nurse appointment 86 [33] 50 [34]
Resources
GP appointment 155 [31] 33 [35]
A&E visit 279 [31] 73 [35]
Hospitalisation (per day) 665 [31] 771 [32]
Cost of triptans (per attack) 2 [29] 4 [36]
Productivity
Average hourly wage 40 [37, 38] 45 [34]
Additional inputs used in COI analyses
Value of spare time/hour 11 [39] - -
Value of spare time, retail price/hour 22 [40, 41] - -
GP appointment (acute) 369 [31] - -

Key: A&E Accident and emergency; GP General practitioner; PSP Pharmacy selling price; VAT Value added tax

Note: In Norway the VAT for pharmaceuticals is 25%, while there is no VAT for prescription pharmaceuticals in Sweden. The analyses were undertaken excluding
VAT. All Swedish unit costs except average wage are sourced from 2019. Average wage was inflated from 2018 to 2019 values using CPI from Statistics Sweden
[42]. Some of the Norwegian unit costs have been inflated to 2019 values using CPI from Statistics Norway [43]. All costs are presented in EUR, using ECB average

annual 2079 NOK/EUR and SEK/EUR exchange rates [44, 45]

migraine, based on a Statistics Sweden survey on time
spent doing housework [46], weighted by the gender
proportion in our sample. This approach was selected as
it was preferable to use a Swedish estimate. It should
however be noted that this was a conservative approach,
given that higher cost estimates have been suggested in
the literature [47], and considering alternative ap-
proaches. Such approaches include e.g. the market wage
rate approach where the value of a foregone hour of
household work is costed using the average market
wage, and the retail market value approach using the
cost of purchasing professional cleaning services. A sen-
sitivity analysis using the latter approach was under-
taken, costing foregone household work with an hourly
cost of EUR 22, sourced from the mean cost of house-
hold work from two of the largest housekeeping com-
panies in Sweden [40, 41].

Cost-effectiveness analysis

Model description

The CE analyses were performed using a Markov model
developed for analyses in the UK [24] which was adapted to
a Nordic setting. The analysis compared Botox to placebo
in Sweden and Norway. Placebo was used as a comparator
in the absence of an established standard of care for CM
and since placebo was the comparator in the PREEMPT

trials [18—21]. This was a conservative approach, as placebo
patients in the trials saw considerable reductions in number
of headache days, which is unlikely to be observed in best
supportive care in a real-world setting. The trial response
was likely due to placebo patients being allowed to stay on
their usual acute headache medications while receiving sa-
line solution injections. In these analyses, placebo was as-
sumed to consist of consultant appointments to fit rescue
medication. A sensitivity analysis was undertaken, as far as
possible mirroring previous Swedish and Norwegian CE
analyses of erenumab and fremanezumab versus placebo
[48, 49]. This was done to indirectly compare Botox with
CGRP inhibitors in lack of sufficient comparative efficacy
data for a direct comparison.

The analysis took a semi-societal perspective, includ-
ing costs regardless to who they were incurred. In line
with TLV recommendations [50, 51] indirect costs were
only included in a sensitivity analysis. For the purpose of
non-discrimination of patient populations far from and
outside the labour market (e.g. the elderly), the TLV
considers indirect costs with great caution.

The model cycle length was 12-weeks, in line with the
frequency of Botox and placebo administrations in the
clinical trials. At the beginning of each cycle, patients
could transition between 13 health states (depicted in
Fig. 1) and were then assumed to remain in the same
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health state for the duration of the cycle. The health states
were split into six “on treatment” states and six “off treat-
ment” states, stratified based on number of headache days
per 28days as follows: 0-3, 4-9, 10-14, 15-19, 20-23,
and 24+ headache days. The three states with the lowest
number of headache days correspond to episodic migraine
(EM) and the three states with the highest number of
headache days correspond to CM. At simulation initiation,
the patients were distributed in the CM health states, with
the proportion of patient in each state sourced from a
post-hoc analysis of the clinical trials [18]. Death is an ab-
sorbing health state in the model. Figure 1 summarises
the health states and all possible transitions. The base case
analysis used a 10-year time horizon, in line with Swedish
clinical expert input. This fairly long time horizon was se-
lected as CM is a chronic disease and is in line with a pre-
vious CE analysis in CM, in which The Norwegian
Medicines Agency (NOMA) assessed erenumab [49].

In absence of sufficient Botox response, a stopping rule
was applied as it is unlikely that clinicians would continue
to treat patients experiencing unsatisfactory results. This
was confirmed by Nordic clinical experts. In the base case

scenario, patients who did not see a>30% reduction in
headache days within the first two cycles (24 weeks) were
assumed to discontinue treatment and remain in the “no
treatment” health states on placebo transition probabilities
for the remainder of the simulation. The transition prob-
abilities were calculated from the clinical trial database. In
each cycle, patients may discontinue, either as a result of
the stopping rule, or based on discontinuation probabilities
estimated from the clinical trials. Discontinued patients in-
curred no Botox treatment costs. The model did not in-
clude any increased mortality linked to migraine as there is
no support in the literature for migraine related mortality.
General population mortality was sourced from Statistics
Sweden and Statistics Norway life tables. With a few excep-
tions, transition probabilities were calculated as follows:

probability of moving from state A to state B

_ number of patients who moved from state A to state B
" total number of patients who started in state A

However, in the clinical trial, there were some cases of
no patients starting in certain health states, rendering it
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impossible to calculate probabilities. In this case, it was
assumed that all patients in the model who started a
cycle in such state remained there.

In the trial, both arms saw a large decrease in head-
ache days over the first 12 weeks which was not repre-
sentative for later treatment periods. The initial dramatic
drop weeks 0—12 was followed by a steady decline in the
weeks 12-24. Therefore, the first two model cycles (24
weeks) were modelled using two separate sets of transi-
tion probabilities: weeks 0—12 and 12-24. The trial was
unblinded at week 24 and placebo patients were
switched to Botox. Therefore, transition probabilities for
weeks 12-24 were repeated for placebo patients in the
model cycles beyond 24 weeks. For Botox, open-label
data was used to estimate transition probabilities beyond
24 weeks.

The model contains transition probabilities calculated
from the clinical trial database for several different pa-
tient populations, defined by the number of previously
tried oral prophylactics and including or excluding pa-
tients overusing acute medications. In the base case all
patients were included. This assumption was made due
to the relatively low patient numbers in PREEMPT ren-
dering subgroup analyses less robust and to be in line
with the original model analysis for the UK [24]. Sensi-
tivity analyses were done to analyse the impact of as-
sumptions (e.g. related to stopping rule, population and
time horizon) and to mirror analyses for CGRP inhibi-
tors referenced in Swedish and Norwegian reimburse-
ment decision reports. In both Sweden and Norway, the
mean age of the population was 42 years and 87.5% of
the patients were female, in line with the clinical trials.
Local clinicians have confirmed that this corresponds
well to clinical practice.

Model inputs

Participants in the survey reported EQ-VAS which was
used to estimate utilities per health state to inform the
model. A total of 454 patients were selected for the ana-
lysis on the basis that they had diagnosed migraine and
excluding apparent outliers (n =10). Respondents were
considered outliers if they reported more headache days
than actual days per month, or reported implausibly
high levels of healthcare utilisation. The mean VAS
score was estimated for each health state, as reported in
Table 5. This approach used the same utility values in
both arms, which given the difference seen in patient re-
ported outcomes (PROs) throughout clinical trials PREE
MPT 1 and PREEMPT 2 is likely to be a conservative
assumption.

Utility values mapped to EQ-5D from the Migraine
Specific Questionnaire (MSQ) (based on [52]) included
in the PREEMPT clinical trials [24] as well as EQ-5D
scores from REPOSE using UK value sets [24] and from
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the International Burden of Migraine Study (IBMS) [53]
were explored in scenario analyses.

A minimum of 155 Allergan Units of Botox were as-
sumed administered in 31-39 injections in line with
PREEMPT and the summary of product characteristics
(SPC). Botox is available in three vial sizes, 50 units, 100
units and 200 units. It was assumed that one 200 Aller-
gan Unit vial was used per dose, with no vial sharing
possible, as confirmed by local clinicians.

Resource use included the number of primary care
provider visits, neurologist/headache specialist visits,
emergency department visits, hospital visits and hospita-
lisations per 3-month period. Except for hospitalisations
and triptan usage which were informed by IBMS, all re-
source use was based on the COI survey (Table 5). EM
was associated with 0.03 hospitalisations per 3-month
period and CM to 0.09. The 0-3 headache days health
state was associated with 1.88 triptans per 3-month
period, the 4-9 and 10-14 health states to 5.07 triptans,
and the CM health states to 7.29. Each type of resource
use informed by the COI study was estimated as mean
per health state in the 454 patients with diagnosed mi-
graine. Both Botox and placebo treatment in the model
was associated to neurologist visits (assumed twice per
year in the Botox arm and once per year for placebo).
Botox treatment was also associated with a 30 min spe-
cialist nurse visit every cycle for the administration. The
resources associated to placebo and Botox treatment
were validated by local clinical experts.

Results

Cost of illness

A total of 454 patients were selected for the COI analysis
based on having diagnosed migraine and excluding ap-
parent outliers (7 =10). Table 2 presents the patient
characteristics stratified by average headache days per
month. No substantial differences in age or sex were ob-
served between the headache frequency groups (Kruskal
Weallis, age: p =0.0156, sex: p = 0.8540). The average age
and the gender ratio are representative for the general
migraine population, as confirmed by a local clinical ex-
pert. It corresponds well with the population modelled
for the CE analyses although the COI patient sample

Table 2 Patient characteristics stratified by headache days per

month

Headache days per month N Age, mean (SD) % Female
0-4 headache days 99 53.47 (11.53) 90.91

5-9 headache days 138 5040 (11.07) 92.75
10-14 headache days 80 5128 (11.51) 86.25
15-24 headache days 74 47.55 (11.27) 87.84
25-31 headache days 63 4890 (13.30) 84.13

Key: SD Standard Deviation
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was on average somewhat older. The VAS scale ranges
from O (worst imaginable health state) to 100 (best im-
aginable health state) [54]. EQ-VAS ranged from 76 in
the lowest headache frequency group to 47 in the high-
est (Fig. 2) (Kruskal Wallis, EQ-VAS: p = 0.0001).
Unsurprisingly, the economic burden in terms of both
direct and indirect costs was increasing with number of
headache days per month. Average annual headache re-
lated direct costs (healthcare utilization in terms of visits
and hospitalisations and acute and preventive drug treat-
ment) ranged from EUR 1116 in the group of patients
with 0—4 headache days per month, to EUR 5311 in the
group with 25-31 headache days (Table 3 and Fig. 3).
Healthcare utilization made up the majority of direct
costs, ranging from 55% in the 25-31 headache days
group to 72% in the 0—4 and 5-9 headache days groups.
Health care visits made up the majority of healthcare
utilization costs. Drug treatment costs were evenly dis-
tributed over acute and preventive treatment costs.
Indirect costs were the by far largest cost component
(Table 4 and Fig. 3). Average annual indirect costs
ranged from EUR 5105 in the 0—4 headache days group
to EUR 52,521 in the 25-31 headache days group. Ex-
cept in the 5-9 headache days group, absenteeism was
the largest indirect costs component. In the 5-9 days
group, absenteeism made up 39%, presenteeism 43% and
foregone housework 18%. In the other groups, absentee-
ism ranged from 47% to 70%, presenteeism ranged from
18% to 38% and reduced functional ability in terms of
forgone housework ranged from 12% to 17%. In the sen-
sitivity analysis using the retail market price approach
for foregone household work assuming an hourly cost of
EUR 22, the foregone household work cost increased to
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Table 3 Annual average direct costs by number of headache
days per month

Headache days per Direct costs (EUR)

month

Healthcare utilization  Drug treatments  Total
0-4 headache days 805 3N 1116
5-9 headache days 1707 660 2368
10-14 headache days 1500 1181 2681
15-24 headache days 2312 1697 4009
25-31 headache days 2942 2370 5311

the following: EUR 1584 in 0-4 headache days, EUR
4183 in 5-9 headache days, EUR 7631 in 10-14 head-
ache days, EUR 10,018 in 15-24 headache days and 12,
905 in 25-31 headache days.

Average annual total costs by number of headache
days are presented in Fig. 4. Total costs ranged from
EUR 6221 in the 0-4 headache days group to EUR 57,
832 in the 25-31 headache days group. Indirect costs
were the dominating cost component, making up from
82% in the 0—4 headache days group to 91% in the 25—
31 headache days group.

Table 5 summarises all COI results which were used
to inform the CE analysis, over the modelled headache
day intervals.

Cost-effectiveness

Base case analysis

The results of the base case analysis are presented in
Table 6 for Sweden and in Table 7 for Norway. In
Sweden, Botox treatment was associated with 5.711
quality adjusted life years (QALYs) and a cost of EUR
20,700 per patient over a 10-year time horizon. The

® 34
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corresponding for placebo was 5.488 QALYs and a cost
of EUR 16,574. Consequently, Botox was associated with
0.223 additional QALYs at an additional cost of EUR
4126 as compared to placebo, resulting in an incremen-
tal cost-effectiveness ratio (ICER) of EUR 18,506.

In Norway, Botox treatment was associated with 5.480
QALYs and a cost of EUR 11,501 per patient over a 10-
year time horizon. The corresponding for placebo was
5.264 QALYs and a cost of EUR 7200. Consequently,
Botox was associated with 0.216 additional QALYs at an
additional cost of EUR 4301 as compared to placebo,

Differences in QALYs gained between Sweden and
Norway were due to underlying population mortality
data (life tables) and different discount rates.

In both Sweden and Norway, willingness to pay
(WTP) is related to the severity of the disease. In
Sweden, the Dental and Pharmaceutical Benefits Agency
(TLV) assessed the severity level of EM as “low to
medium” and of CM to “high” [48]. A 2016 analysis of
TLV decisions found that the median ICER accepted for
non-severe diseases was SEK 280000 (approximately
EUR 26000) and for severe diseases (excluding cancer)

resulting in an ICER of EUR 19,954. SEK 363000 (approximately EUR 34000) [55]. In
Table 4 Annual average indirect costs by number of headache days per month

Headache days per Indirect costs (EUR)

month Absenteeism Presenteeism Foregone housework Total
0-4 headache days 2381 1934 790 5105
5-9 headache days 4445 4985 2085 11,515
10-14 headache days 10,808 7676 3805 22,289
15-24 headache days 15312 11,172 4994 31,478
25-31 headache days 36,686 9401 6434 52,521
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Fig. 4 Annual total costs per headache days. Key: HA, headache

Norway, WTP depend on the absolute shortfall for
the disease in question, i.e. the total future health a
patient is expected to lose as a result of their condi-
tion. NOMA has estimated the absolute shortfall for
EM to 5 QALYs and for CM to 11 QALYs, corre-
sponding to WTP levels of NOK 385000 (approxi-
mately EUR 35000) for EM and NOK 495000
(approximately EUR 46000) for CM [49].

Sensitivity analyses
Analyses of structural changes and additional one-way
analyses based on local clinician feedback are pre-
sented in Table 8. Results were the most sensitive to
the inclusion of indirect costs which is unsurprising
considering that it was the by far greatest cost com-
ponent. When including indirect costs, Botox was
dominating in both countries. Following indirect
costs, not applying any stopping rule, changing the
stopping rule from 30% to 0% and decreasing the
time horizon to 5-years had the greatest impact on
the results.

The Tornado diagrams (Fig. 5) list the one-way sensi-
tivity analyses with the greatest impact on the results in

Table 5 Resource use, utilities and work loss per 3-month
period by number of headache days per month

Health State GP/ Avg. Utilities (EQ-VAS)
A&E number m
Visits of days
absent
0-3 headache days 0.82 144 0.776 0.144
4-9 headache days 1.24 352 0.702 0.167
10-14 headache days 1.34 841 0.631 0.180
15-19 headache days 1.49 6.81 0.615 0.181
20-23 headache days 241 1940 0474 0217
24+ headache days 249 2822 0468 0.231

Key: A&E Accident and emergency; GP General practitioner; HA Headache

descending order. Variations of utilities had the
greatest impact, which is unsurprising considering
the QALY gain is completely based on differences in
utilities as no difference in survival between the
health states was assumed. A probabilistic sensitivity
analysis (PSA) was undertaken using 1000 iterations.
The outcome showed that results were robust to un-
certainty of input parameters. In Sweden, the prob-
abilistic incremental cost was EUR 4081 with
corresponding incremental QALYs of 0.220, resulting
in a probabilistic ICER of 18,556. In Norway, the
probabilistic incremental cost was EUR 4270 with
corresponding incremental QALYs of 0.215, resulting
in a probabilistic ICER of EUR 19,872. The resulting
cost-effectiveness acceptability curves (CEAC) are
presented in Fig. 6. At a WTP level of EUR 20,000
there is a 62% probability that Botox is cost-effective
in Sweden, and 51% in Norway. At a WTP level of
EUR 30,000 there is a 97% and 98% probability that
Botox is cost-effective in Sweden and Norway,
respectively.

Discussion

Our COI findings show a clear correlation between
headache frequency and increased costs, indicating
substantial potential cost savings related to reducing
the number of headache days per month. Botox re-
duces the number of headache days per month in a
patient group with few other treatments available.
And, as made apparent by the cost-effectiveness ana-
lysis, Botox is likely a cost-effective treatment option
in Sweden and Norway.

The correlation between productivity losses — both
in terms of labour productivity and foregone house-
hold work — and headache frequency can be inter-
preted as a proxy for quality of life. The EQ-VAS
results further support this notion and demonstrate
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Cost components (EUR)

Treatment costs GP/A&E visits Hospital
Botox 8535 12,949 1338
Placebo 2749 14,087 1488

Total and incremental results

Total costs Discounted total Incremental

(EUR) costs (EUR) cost (EUR)
Botox 23,293 20,700 4126
Placebo 18,846 16,574

Triptan treatment Total direct costs

472 23,293

522 18,846

Total QALYs Discounted Incremental ICER
QALYs QALYs

6.505 5711 0223 18,506

6.257 5488

Key: A&E Accident and emergency; GP General practitioner; ICER Incremental cost-effectiveness ratio; QALY Quality adjusted life years. Note: Treatment costs
include the administration cost for Botox and the neurologist visits for both Botox and placebo

that the number of headache days per month is not
only a significant cost driver, but also induces a sub-
stantial quality of life burden for the sufferers. EQ-
VAS in the 25-31 headache days group was almost
halved in comparison to the general population, while
EQ-VAS in the 0-4 headache days group was almost
at general population level. A large majority of the
cost burden of migraine was due to indirect costs
resulting from reduced productivity and functional
ability (ranging from 82% of total costs in the 0-4
headache days group to 91% in the 25-31 headache
days group). These results are in line with previous
findings [12, 13, 57]. The CE findings indicate that
Botox treatment is cost effective in Sweden and
Norway, with ICERs well below the previously dis-
cussed TLV and NOMA WTP thresholds (ranging
from approximately EUR 26,000 to EUR 34,000 in
Sweden and from EUR 35,000 to 46,000 in Norway).
The results were robust to several sensitivity analyses
but were the most sensitive to the inclusion of indir-
ect costs, assumptions on the stopping rule, shorten-
ing the time horizon and variations in utilities. The
results of this analysis are in line with previous re-
sults. A 2013 UK study assessed the CE of Botox in
adults in CM compared to placebo, and estimated an
ICER of GBP 15,028, assuming a 2-year time horizon

Table 7 Base case results, Norway

and not including indirect costs. When including in-
direct costs the ICER was reduced to GBP 9422 [24].
An updated analysis resulted in an ICER of GBP 16,
306, in CM patients who have previously failed at
least three preventive treatments [25]. In 2014, an
Italian study comparing Botox to placebo in patients
with CM estimated an ICER of EUR 9407, assuming
a 2-year time horizon and not including indirect
costs. When considering indirect costs, the ICER was
reduced to EUR 815 [26]. Likely drivers of differences
in these results are utility values used, the country
specific Botox price, different assumptions regarding
stopping rule, and our relatively higher costs related
to productivity losses.

The COI study had several limitations. As inherent
with survey studies, there is risk of recall bias. The
relatively short time span for recalling headaches and
resource use (i.e. 3 months) likely reduced this risk.
Additionally, the fact that the 3 months responses
were extrapolated to annual costs adds uncertainty as
the extrapolation relies on the underlying assumption
that migraine severity and intensity is fairly constant
over one-year periods. The survey being undertaken
in a patient organisation reduces the generalisability
of the results, as there is a risk that these patients
differ from the general migraine population. Patients

Cost components (EUR)

Treatment costs GP/A&E visits Hospital
Botox 7751 3177 1549
Placebo 2439 3457 1723

Total and incremental results

Total costs Discounted Incremental

(EUR) Total costs (EUR) cost
Botox 13,297 11,501 4301
Placebo 8524 7200

Triptan treatment Total direct costs

819 13,297

906 8524

Total QALYs Discounted Incremental ICER
QALYs QALYs

6.503 5480 0216 19,954

6.255 5264

Key: A&E Accident and emergency; GP General practitioner; ICER Incremental cost-effectiveness ratio; QALY Quality adjusted life years. Note: Treatment costs
include the administration cost for Botox and the neurologist visits for both Botox and placebo
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Model input ICER (EUR)
Base case Sensitivity Sweden Norway
Base case 18,506 19,954
Analyses of structural changes and altering assumptions
Indirect costs Not included Included Dominating ~ Dominating
Discount rate costs and health effects 3% (Sweden) and 4% (Norway) 0% 17,931 19,250
5% 18,893 20,132
Stopping rule 30% reduction in 2 cycles No stopping rule 23412 24,545
50% reduction in 2 cycles 17,666 19,163
0% reduction in 2 cycles 21,825 23,070
Population All patients 21 prior prophylactic 15,160 16,900
23 prior prophylactics 15,764 17,532
Utilities Estimated from COI database REPOSE [56] 14,565 15,702
PREEMPT [18, 24] 15,634 16,804
IBMS 18219 19,644
Time horizon 10 years 5years 21481 22,645
Analysis mirroring previous erenumab analysis
Norwegian (NOMA) and Swedish (TLV) erenumab analyses: 10-year time horizon? indirect costs not 16,625 18,462

included, >3 prior prophylactics®, stopping rule 30% reduction in 2 cycles, utilities mapped from MSQ to EQ-5D°

2NOMA utilised a 10-year time horizon, while the TLV time horizon was confidential. We therefore chose to undertake the analyses using a 10-year time horizon

bThe TLV analyses were undertaken in a population with >2 prior prophylactics and 30% stopping rules. There is no available data for this combination of population
and stopping rule for Botox. The NOMA analysis was however undertaken in a population of >3 prior prophylactics. We chose to undertake the analyses the >3 prior
prophylactics population, and to use the 30% stopping rule, as NOMA argued for the importance of this specific rule

“The CGRP analyses utilised utilities mapped from MSQ to EQ-5D, based on clinical trials

may be motivated to participate in such organizations
due to large disease burden, resulting in a patient
population with heightened severity as compared to
general disease populations. Regarding this study, this
is likely not a major concern considering the results
being stratified over disease severity expressed in
monthly average number of headache days. Addition-
ally, several local clinical experts have confirmed that
the patient characteristics of our sample corresponds
well with the clinical practice migraine patient
population.

This study only included patients with diagnosed
migraine. Norwegian estimations suggest that approxi-
mately 50% of migraine sufferers are undiagnosed
[58]. There is however no straightforward way to in-
clude these undetected patients. In order to limit the
study to actual migraine sufferers, including only di-
agnosed migraine was the only viable option. The
limited patient sample (N =454), and especially when
stratified over the headache days subgroups present a
statistical challenge made apparent by the relatively
high standard deviations obtained for each of the
healthcare utilization estimates. Concerns raised re-
garding the robustness of the results are however re-
duced by the fact that results are in line with

previous literature. A final limitation with the COI
study is that results likely underestimated the indirect
costs as the survey did not include a question on
workforce participation. This renders a risk that pa-
tients completely incapacitated by their headache and
therefore not in the workforce may have not an-
swered the question related to absenteeism. A propor-
tion of these patients may have answered the
questions relating to foregone housework instead, fur-
ther augmenting the importance of considering un-
paid labour and spare time in the analysis. This
concern is increased by the fact that our findings re-
garding productivity losses was lower than previous
Swedish results [59], which was also pointed out by
clinical experts. It should therefore be noted that the
results regarding indirect costs are at risk of being
underestimated, and that the total disease costs may
be higher than estimated in our study. Additionally,
this study utilised conservative approaches in the
costing of both presenteeism and foregone household
work.

Uncertainty is inherent in all CE modelling. In
order to reduce uncertainty related to assumptions
and model inputs extensive interviews with local clin-
ical experts were undertaken. Limitations however
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L Fig. 5 Tornado Diagrams. Key: HA, headache; ICER, incremental cost-effectiveness ratio, QALY, quality adjusted life year

remained. The CE model was constructed with head- study using the model intervals. The comparator, pla-
ache frequency intervals based on the Botox clinical cebo, was selected in absence of an established stand-
trials, and therefore differed slightly from the ap- ard of care, and to be in line with the Botox clinical
proach used in the COI estimations. This was solved trials. The choice was validated by local clinical ex-
by estimating the model inputs sourced from the COI  perts. The PREEMPT placebo patients received saline
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injections and were permitted to remain on their
standard acute headache treatment. The trials ob-
served considerable headache frequency reductions in
the placebo group [18-21] which are not likely to be
observed in a real-world setting, making the choice of
comparator conservative. No CE analyses comparing
Botox to CGRP inhibitors (erenumab and fremanezu-
mab) were undertaken due to lack of reliable com-
parative efficacy data and due to lack of price
information: erenumab and fremanezumab have been
launched in the Nordics and are reimbursed in ac-
cordance with confidential price agreements. How-
ever, as suggested by TLV, an indirect comparison
could be done by comparing the ICERs from the ana-
lyses comparing each active substance to placebo
(given similar QALY differences) [48]. For Sweden,
TLV reports the difference in QALYs gained to be
0.20 and 0.21 for fremanezumab and erenumab, re-
spectively, vs placebo, resulting in ICERs of SEK 505,
000 (EUR 47,690) and SEK 557,000 (EUR 52,601), re-
spectively [48]. Both analyses used confidential net
prices. For Norway, NoMA reports the difference in
QALYs to be 0.17 for erenumab vs placebo (ICER not
reported as the analysis was based on a confidential net
price) [49]. In the present study, when attempting to mir-
ror the CGRP analyses as closely as possible (patients with
>3 previous treatments, 10-year time horizon, 30% stop-
ping rule and using utility values mapped from MSQ to
EQ-5D) the difference in QALYs for Botox vs placebo
were 0.209 and with a corresponding ICER of EUR 16,625
in Sweden and 0.203 QALY difference with a correspond-
ing ICER of 18,462 in Norway.

Conclusions

In conclusion, in people with migraine the number of
average monthly headache days is clearly related to
lower QoL and higher costs, indicating considerable po-
tential costs-savings in reducing the number of headache
days. The study also shows that the main cost driver for
migraine are productivity losses. The CE results indicate
that considering a 10-year time horizon, Botox is a cost-
effective treatment option for migraine in Sweden and
Norway. When considering indirect costs, Botox is dom-
inating, i.e. Botox provide additional outcome at a lower
cost.
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